
AFFORESTATION IN THE OTAGO LAND 
DISTRICT 

K. W. PRIOR, R. W. WASHBOURN and R. M. PRIEST* 

SYNOPSIS 

The present and potential importance of different exotic tree 
species, for each of eight recognized zones of a portion of the Otago 
Land District, have been investigated. The exotic forests within the 
area consist largely of five main species: Pinus radiata, Pinus nigra 
var. calabrica, Pinus ponderosa, Pseudotsuga taxifolia, and Larix 
decidua. In shelterbelts Cupressus macrocarpa and Populus nigra 
var. italica are widely planted species. The coastal and neighbouring 
hill sites, with Pinus radiata as the major species, are particularly 
suitable for large-scale afforestation projects. In inland zones the 
proportion of sites suitable for Pinus radiata rapidly decreases, 
particularly at altitudes above 1,000 ft. On these inland sites, at 
altitudes up to 2,500 ft, Pinus nigra var. calabrica and Pinus pon
derosa produce excellent stands. The heavy, poorly drained soils 
of coastal areas restrict the use of Pseudotsuga taxifolia; this 
species thrives in the vicinity of the lakes to the west of the district. 
Larix decidua will not grow satisfactorily in the driest zones or 
above 2,500 ft and grows well only in limited areas in other zones. 
On poorly drained alluvial soils the hardwoods, particularly 
Populus nigra var. italica, are the most successful species. Where 
rainfall is less than 20 in., or at altitudes above 2,500 ft, investiga
tions with hitherto untried species should be made. 

INTRODUCTION 

With the object of providing a surplus of forest produce for 
export, forest economists have advocated a greatly expanded 
afforestation programme. An investigation has been made to deter
mine how the Otago Land District might contribute to such a 
programme; this paper records the results. The value of the main 
exotic species for afforestation or shelter in different localities is 
recorded. 

With more suitable provenances the performance of certain 
species would be greatly improved; but in the meantime only the 
proven strains, and none other, are available to the forester. 

The area under consideration is a large one (10,770 square miles) 
with great variations in climate, geology, soils, and current land-use 
practices; thus the afforestation potential similarly varies. The 
writers believe that information such as is listed below is necessary 
if an afforestation programme is to be adequately planned. 

* Respectively Forester and Technical Trainees, N.Z. Forest Service. 
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AREA, GEOLOGY, CLIMATE, SOILS, AND VEGETATION 

The area is bounded by the Clutha and Waitaki Rivers, the 
Southern Alps, and the coast (see Fig. 1). Most of it has a "basin 
range" landscape with block mountains separated by depressions. 
The parallel ranges are often characterized by steep faces on one 
side and gently sloping and easy-rolling plateaus on the other — 
e.g., Old Man Range. 

During the glaciation in the west, extensive areas of loess were 
spread throughout much of Otago and extensive river terraces 
were formed in the inter-montane basins. Schist solifluction debris 
is an important soil parent material over wide areas. (See Fig. 1 for 
geology.) 

Garnier (1958) recognizes nine broad climatic regions in New 
Zealand. The three represented in Otago are the southern New 
Zealand, the eastern South Island, and the inland South Island. 
The southern Mew Zealand climatic region is coastal and extends 
southwards from Palmerston. Here a rainfall of 25 to 50 in. is fairly 
evenly distributed throughout all seasons. The mean annual vari
ability is less than 12%; thus the rainfall is a most reliable one. 
The region is cloudy, sunshine values being amongst the lowest 
for New Zealand. The summers are cool, but the winters, although 
cold, are not severe. The eastern South Island region extends north 
from Palmerston. Sunshine values are higher, and north-west winds 
with low humidities more frequent than in the southern New 
Zealand region. Droughts, in this 20 to 30 in. rainfall area, are not 
infrequent. The inland South Island region is truly continental in 
character. In lowland areas (below 2,500 ft) the rainfall varies from 
less than 14 in. to a little more than 30 in. Fohn-type north-west 
winds, with associated low humidities, are typical of this region. 
Temperature ranges are higher than elsewhere in New Zealand, 
with hot summers and severely cold winters. Locally these severe 
conditions are modified by external influences. In the west the 
rainfall results in an abrupt transition from humid to subhumid 
conditions. Low cloud from coastal areas causes a high incidence 
of mist in the eastern parts of the inland South Island region. 

TABLE 1: CLIMATIC DATA 

Extreme Extreme Average Average 
Summer Winter Annual Annual 

Maximum Minimum Sunshine Rainfall 
Station Climatic Region °F_ °F inr) (m-) 

Dunedin* Southern New Zealand 
Moa Flatf Southern New Zealand 
Naseby Inland South Island 
Alexandra Inland South Island 
Queenstown Inland South Island 
Oamaru Eastern South Island 

92 
89 
93 
99 
93 
— 

26 
18 
5 

ll 
19 
— 

1.715 
. 
— 

2,170 
2,003 
1.839 

28.74 
28.77 
23.86 
13.22 
31.14 
22.18 

* Musselburgh. 
f Moa Flat is immediately to the south of the area under investigation. 

Scarcely any climatic data are available for high-altitude sites. 
On the basis of readings for 14 months on the Old Man Range, 
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Mark (1960) suggests that maximum temperatures tend to decrease 
by up to 16° F and minimum 13° F for each 1,000 ft increase in 
altitude; along one transect the average rainfall appears to vary 
from about 20 in. at 1,000 ft to more than 50 in. at 5,000 ft. 

As recorded by Taylor and Cox (1956), the soil pattern has 
developed under the influence of the environment. Brown-grey 
earths, typical of semi-arid regions, occupy large areas of the inter
montane basins of inland Otago. The weakly developed structures 
and fine sandy loam textures of the topsoils make the brown-grey 
earths particularly susceptible to wind erosion. Subsoils are fre
quently stony or rubbly. On low-lying sites there are patches of 
salty soils. The seasonally dry yellow-grey earths and intergrada-
tions to yellow-brown earths are present on the downlands, hills, 
and terraces of both inland and coastal Otago. The subsoil of a 
yellow-grey earth has a consolidated and partially cemented hard
pan which prevents downward movement of water in wet months. 
Cracks, through which water readily penetrates, open in the pan 
during periods of drought. The topsoils, although excessively wet 
after rain, dry out severely during periods of drought. These 
extremes of soil moisture adversely affect conifers. 

The yellow-brown earths, of more humid climates, occur mainly 
in highland areas. Large areas of related soils occur on the steep 
mountain lands. These steepland soils have weak structure and 
are subject to severe sheet and scree erosion when mature tussock 
cover is burned. With increasing altitude, on some mountain slopes, 
there is frequently a transition from brown-grey through yellow-
grey to yellow-brown earths. On river terraces and moraines the 
shallow stony soils, related to the three main soil groups, are wide
spread. Recent soils are, of course, found on lower alluvial terraces 
throughout the area. In addition to the above main types, gley 
soils are found on the Taieri Plains, brown loams near Dunedin, 
and lime-rich soils near Oamaru. 

The vegetation of Otago was described by Buchanan (1868). 
From the earliest times of settlement, in coastal areas, tussock 
grassland occupied sunny faces, whereas bracken, flax, and small 
trees grew on the shady slopes. Native podocarps, broad-leaved 
trees, and Leptospermum species occupied the deeper gullies. Small 
silver beech stands are found in several localities not far north and 
south of Dunedin. Sawlog production from native forests is now 
virtually nonexistent. Native vegetation has been modified by 
grazing and repeated burning. Gorse is a dominant species over 
large areas of coastal hill country. 

Inland areas are occupied by tussock grassland. Mountain-beech 
protection forests are occasionally found on the steep slopes of 
mountain valleys in the west of the area. The lower mountain slopes 
in the west are frequently occupied by bracken. 

In many localities, particularly the inland areas, frequent burning, 
overgrazing, and a vigorous rabbit population have depleted large 
areas and caused considerable soil erosion. Until about seven 
years ago, when control measures first became effective, the rabbit 
population was a large one. 
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ZONES 

It is apparent that the area is one with diverse characters. To 
facilitate investigations a number of broad zones have been recog
nized. Although due allowance has been made for variations in 
physiographic and edaphic factors, and although the response of 
exotic trees has been considered in some detail, it must be admitted 
that the delineation of zones is largely subjective. Nevertheless, 
each zone differs in at least one important character from any 
other. The location of zones is shown in Fig. 2. 

(1) Mountain zone. This zone includes all areas above 2,500 ft. 

(2) South coastal zone. The climate here is mostly of the southern 
New Zealand climatic region; to the north it grades into that 
of the eastern South Island region. The main soils are the 
yellow-grey earths, with brown loams near Dunedin. With the 
exception of the Taieri Plains, the terrain is largely of easy to 
steeply rolling hills at altitudes less than 1,000 ft. Some im
proved pasture has been established but on the steeper and 
non-arable hill slopes bracken, gorse, and scrub species occupy 
large areas. With the exception of the southern slopes of the 
Otago peninsula, salt-laden spray is seldom carried inland for 
more than a few chains (see Fig. 3). 

(3) Lawrence zone. Although the climate is also that of the 
southern New Zealand climatic region, occasional falls of snow 
are of greater significance and frosts more frequent and severe 
than in the south coastal zone. Much of the coastal influence 
in this zone comes from the south rather than the east. The 
terrain and standards of land use are comparable with those 
of the south coastal zone. Soils are mainly yellow-grey earths 
and intergrades to yellow-brown with yellow-brown at higher 
altitudes. (This zone is merely the northern extension of a 
much larger unit which includes the Tapanui group of forests; 
these are not dealt with in this paper.) 

(4) North coastal zone. The climate of this zone is that of the 
eastern South Island climatic region. Yellow-grey earths are 
again strongly represented, as are the associated stony and 
droughty soils of the alluvial terraces. Brown loams and lime-
rich soils are important in this zone. Land-use standards vary 
from intensive, on the fertile lime-rich soils, to extensive, on 
tussock grassland slopes. Oamaru town and port are located 
in this zone. 

(5) Plateau zone. The climate of this zone is intermediate between 
the southern New Zealand and inland South Island climatic 
regions. Heavy falls of snow and exposure to strong winds are 
important factors of the environment. The soils are mostly 
yellow-brown earths. The terrain is of easy rolling tussock 
grassland plateaus at altitudes between 1,000 and 2,500 ft. 

(6) Inland zone. The lowland areas fall within the inland South 
Island climatic region and are subdivided, largely on the basis 
of rainfall, into two zones. Rainfall in the inland zone varies 
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Fig. 3: General views of [top] south coastal zone (Akatore Forest); [centre] 
plateau zone (looking towards Macraes Flat); [lower] lakes zone (Queens-
town, with mountain zone in background; note regeneration of larch and 

Douglas fir). 

from 20 to about 30 in. The main soils are yellow-grey earths 
with associated skeletal soils on mountain slopes and shallow 
and stony soils of the alluvial terraces and moraines. Improved 
pasture is mostly confined to alluvial terraces; elsewhere the 
tussock provides sparse grazing. 

(7) Dry inland zone. This zone is distinguished from the inland zone 
by the 14 to 20 in. rainfall. The soils are brown-grey earths 
with skeletal and alluvial associates. Some of the more fertile 
of the alluvial soils are intensively farmed and irrigated; fruit 
orchards are present in some localities. Most of the hill slopes 
provide only sparse grazing. 
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(8) Lakes zone. Westerly influences strongly modify the climate 
of this zone. Rainfall varies from 30 to more than 100 in. Glacial 
moraines and river terraces adjoin the steep to precipitous 
slopes of the Southern Alps. Soils vary from yellow-grey to 
upland yellow-brown earths with associated skeletal soils on 
mountain slopes and stony soils of terraces and moraines. 
Strong north-westerly winds, of gale force, are frequent in 
mountain valleys. 

For the area as a whole, the land-use practices on hill slopes 
are extensive rather than intensive. Large areas in all zones provide 
sparse grazing and are repeatedly burned so as to clear scrub and 
fern or to reduce rank tussock growth. With the exception of the 
coastal zones, the population density is extremely low. The details 
lor various zones are outlined in Table 2. 

TABLE 2: TREE-GROWING ZONES 

Zone 

Mountain 
South coastal 
Lawrence 
North coastal 
Plateau 
Inland 
Dry inland 
Lakes 

Altitude Climatic 
(ft) 

above 2,500 
Oto 1,500 

200 to 2,000 
Oto 1,500 

1,000 to 2,500 
500 to 2,500 
500 to 2,500 

1,000 to 2,500 

Region* 

1&2 
1 
2 

1 & 3 
3 
3 
3 

Rainfall 
(in.) 

25-35 
30-40 
20-30 
30-50 
20-35 
14-20 

30-100+ 

Main 
Soilsf 

c 
b,d,e 

b,c 
b,e,d 

c,b 
b 
a 
b,c 

Area 
('OOO ac) 

3,087 
1,014 

93 
312 
286 
941 
741 
417 

6,891 

* Legend for climatic regions: 1, southern New Zealand; 2, eastern 
South Island; 3, inland South Island. 

f Legend for soils: a, brown-grey; b, yellow-grey; c, yellow-brown; 
d, brown loams; e, lime-rich soils. 

NOTE: Skeletal and stony alluvial associates occur with the above soils 
in most zones. 

DISTRIBUTION OF EXOTIC SPECIES 

Information on acreages of exotic stands is obtainable from 
species plans of State forests and from the records of the Exotic 
Forest Survey. Exotic stands occupy 16,944 ac (excluding areas 
which do not qualify for the exotic-forest survey of major areas).* 

Details of areas by ownership classes are: 

Forest Service 
Other Government departments 
Local bodies 
Private and company forests 

Total 

acres 
7,726* 

430f 
7,212f 
l,576f 

16,944 
* Includes up to 1960 plantings. 
f Based on a survey made by the Exotic Forest Survey in 1959. 

* The areas which do not qualify for the exotic-forest survey of major 
areas include the small plantations, woodlots, and shelterbelts which, for 
individual owners, do not total 50 acres or more. Stands located in city 
and borough boundaries are not included in the surveys of either major 
or minor areas. 
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Although the oldest Forest Service stands at Naseby were planted 
in 1900, it was not until the late 1940s that planting commenced in 
the coastal group of State forests, namely, the Berwick, Herbert, 
and Akatore forests. The Dunedin City Corporation, with 6,689 
acres, established mainly in the 1920s and 1930s, is the second 
largest forest owner in Otago. (This area excludes stands located 
within the borough boundaries.) The Forest Service is at present 
planting about 1,000 acres per annum in the south coastal region 
(this rate will be increased during the next few years) but the 
area planted by other owners is, in total, extremely small. 

The following should be noted. A little more than half of the 
planted area is located in the south coastal zone. About half of the 
total acreage is of Pinus radiata. Pinus laricio (Pinus nigra var. 
calabrica) is an important species in most zones; in the inland 
zone this species occupies a larger area than Pinus radiata. Pinus 
ponderosa also occupies an important position, holding second 
place in the plateau and inland zones. 

TABLE 3: SPECIES BY ZONES (ACRES) 
(Includes all stocked areas with individual ownerships of 50 ac or more) 

Zone 

South coastal 
Lawrence 
North coastal 
Plateau 
Inland 
Dry inland 
Lakes 

Total 

Pinus 
radiata 

5,041 

204 
2,608 

326 
259 
155 

8,593 

Pinus 
nigra 

1,314 

— 
232 

1,740 
72 
79 

3,437 

Pinus Pseudotsuga 
ponderosa taxifolia 

250 

— 
1,026 

576 
13 
17 

1,882 

1,079 

4 
169 

88 
— 
22 

1,362 

Larch 

402 

2 
107 
249 

• — 

6 
766 

Other Total 

678 8,764 

22 232 
13 4,155* 

134 3,113f 
2 346 

55 334 
904 16,944 

* Mostly the Dunedin City Corporation Waipori Forest. 
f Mostly the Forest Service, Naseby Forest. 

The most cursory of field inspections indicates that several species, 
which are absent or of only minor value in plantations, are of 
considerable importance in shelterbelts and small woodlots. To 
investigate this aspect a tally was made, by species, of all woodlots 
and shelterbelts seen throughout the area (see Fig. 4). (These areas 
qualify for the exotic-forest survey of minor areas.) 

Although not all roads were traversed, sufficient information is 
available to indicate the following trends in shelterbelts and small 
woodlots: 

Trees are almost absent in the mountain zone, i.e., above 2,500 ft. 

Pinus radiata is a widely planted species in all other zones. 

Cupressus macrocarpa is abundant in the south coastal, the Law
rence, the plateau, and the north coastal zones, but is sparse 
elsewhere. (The term "abundant" is used in the relative sense; 
in some localities many miles can be traversed without a tree 
of any sort being seen.) 

Eucalyptus species (mostly E. globulus) are abundant in the coastal 
zones and in part of the lakes zone. 
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Zone 
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4 

* 
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P. pond 
(Includ 
and P. 

Fig. 4: The proportion of species in shelterbelts and 



On alluvial terraces, poplars and willows are frequently planted 
species, particularly in the inland, dry inland, and Lawrence 
zones. 

The P. ponderosa, P. nigra, and P. murrayana group (mostly P. 
ponderosa) is important in the inland and dry inland zones, 
particularly on the droughty and stony alluvial terrace soils. 
Although P. nigra and P. murrayana are relatively sparse they 
have, of recent years, received far more attention in inland 
localities. 

The Pseudotsuga taxifolia, C. lawsoniana, and Picea abies group 
(mostly Pseudotsuga taxifolia) is frequently planted in the 
lake zone but elsewhere is sparse in shelterbelts. 

In the lakes zone Larix decidua becomes important for small 
woodlots and shelterbelts. 

For the Otago Land District the areas which qualify for the survey 
of minor areas have been estimated as 32,712 ac. Of this area 
some 20,000 to 25,000 ac would lie within the area under investi
gation. The combined acreage of minor and major areas, 
therefore, totals some 37,000 to 42,000.* 

PERFORMANCE OF EXOTIC SPECIES 

Every opportunity has been taken during the past three years 
to record the performance of the various species in different locali
ties, and a subjective estimate has been made of the health and 
appearance of each shelterbelt or woodlot encountered. Each stand 
was classified as of poor to very poor or of fair to good quality. 
Details are shown in Fig. 5. 

The data in Fig. 5 can indicate only the broadest of trends. The 
following points, therefore, need to be considered. The alluvial 
terraces include some of the wettest of gley soils on one hand 
and the driest of stony soils on the other. The histograms probably 
underrate the merits of the more favourable tree-growing zones 
{e.g., south coastal and lakes zones), but overrate those of the less 
favourable zones; on the more difficult sites, in the driest zones, 
total failure has frequently occurred at the establishment stage. 
On hill sites in the dry zones Lombardy poplar is restricted to moist 
sites. It could be further noted that heavy floods in 1957, preceded 
and followed by droughts, are in part responsible for the poor 
showing on alluvial terraces in the south coastal and Lawrence 
zones (Prior, 1961). The individual species are discussed more 
fully in the following paragraphs under the heading of major and 
minor species. 

Major Species 
Pinus radiata'. This species has been planted over a wide area in 
both shelterbelts and forest stands. In the south coastal zone, and 
to a lesser degree the Lawrence zone, nearly all hill sites are suitable 
for P. radiata. Malformation and breakage, due to exposure and 
snow, become significant on inland sites. With increasing altitude 
above 1,000 ft, the proportion of sites suitable for this species 
rapidly decreases. 

The survey of minor areas was not designed to give reliable figures at district level. 
The interval estimate of the area of minor areas in the whole of the Otago Land 
District is 32,712 acres ( + 70%). Of this area some 12,000 acres are of hardwoods 
(mostly poplars or willows). 
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Fig. 5: Percentage, by zones, of species in shelterbelts and small woodlots 
which are of fair to good health and appearance. Vigour is ignored. 
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From measured heights the average site index of P. radiata, for 
each zone, has been estimated. (Site index is based on mean top 
height of stands at an age of 20 years as outlined in yield tables 
by Lewis in 1954.) Average site indices of from 70 to 75 ft have been 
computed, individually, for the south coastal, the Lawrence, and 
the lakes zones. With proper management, and correct siting, the 
average stands of P. radiata in these zones should produce m.a.i.'s 
of no less than 250 cu. ft per acre on a 40-year rotation. A large 
proportion of hill sites, in these three zones, are suitable for 
P. radiata. In the plateau zone the average site index is estimated 
to be 60 ft. In this zone P. radiata stands, under proper manage
ment, should yield an m.a.i, of no less than 150 cu. ft per acre on a 
40-year rotation. No more than 50% of sites in the plateau zone are 
suitable for P. radiata. The average site indices for the inland 
and north coastal zones are both 55 ft. Most of the measured stands 
in the north coastal zone are located on dry gravelly alluvial soils. 
In the majority of cases P. radiata has been incorrectly sited in 
the inland zone, where few suitable P. radiata sites are available. 
On the few sites at Naseby, where P. radiata has been satisfactorily 
sited, an m.a.i, of 120 cu. ft per acre has been obtained from 40-year-
old stands (based on yields from clear-felled areas). Pinus radiata 
is, of course, entirely unsuited for the dry inland zone, where the 
average site index is less than 40 ft. Heights on which the above 
estimates of site index are based were sometimes from small wood
lots or shelterbelts exposed to strong winds; hence estimates are 
less than would be the case in forest stands; the site indices are 
therefore slightly underestimated. All m.a.i.'s listed above are for 
6 in. top volumes. 

The tendency for P. radiata to make early rapid growth is one 
of the most useful characteristics of this species on scrub-covered 
and gorse-covered slopes; this characteristic assures that P. radiata 
will be favoured on many sites in the south coastal and Lawrence 
zones. 

Pinus ponderosa, Pinus nigra, and Pinus murrayana: All three 
species assume importance in inland and dry inland zones, where 
large areas are unsuitable for P. radiata. 

Pinus ponderosa remains healthy on the driest of sites. At Naseby 
Forest, at altitudes of 2,200 to 2,600 ft, the m.a.i, of unthinned or 
lightly thinned stands, for a weighted average age of 40 years, 
is 87 cu. ft per acre (6 in. top). There are several strains of this species 
at Naseby; the m.a.i, of the most vigorous would be a good deal 
more than the figure given above. 

Possums, which are more abundant in coastal areas than else
where, have ringbarked many young P. ponderosa stems in the 
south coastal zone. Pinus ponderosa is, apparently, more subject 
to possum damage than other species found within this zone. For 
the inland, dry inland, plateau, and lakes zones, P. ponderosa is 
potentially one of the most productive and important species. After 
10 years of trial, at altitudes of 3,500 to 4,000 ft in the mountain 
zone, young stands of this species continue to show promise. In 
the coastal zone, however, health and vigour compare unfavourably 
with those of several other species. 
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Pinus jeffreyi grows reasonably well in a 50-year-old stand at 
Naseby Forest and could, for the purpose of this paper, be asso
ciated with P. ponderosa. 

Pinus nigra var. austriaca is a stunted and unhealthy species in 
all zones. Pinus nigra var. calabrica (P. laricio) is, on the other 
hand, a valuable species for dry and exposed sites. At Naseby 
Forest, at altitudes of 2,200 to 2,600 ft, the m.a.i, of unthinned or 
lightly thinned stands for a weighted average age of 40 years, is 
78 cu. ft per acre (6 in. top). 

Pinus laricio is an important species for the inland zones. 
Although health and vigour are excellent at Berwick and Herbert 
Forests (in the south coastal zone), P. laricio in these forests 
occupies sites that are suitable for the more productive P. radiata. 
Only on limited areas, of the most exposed and dry sites, is the 
planting of P. laricio justified in the south coastal zone. In the 
inland zone this species regenerates vigorously from seeding trees — 
e.g., at St Bathans. 

Although P. ponderosa is inclined to overtop P. laricio, the two 
species appear to grow reasonably well in mixture. In view of the 
fact that timber from early P. ponderosa thinnings is of doubtful 
quality, there are good reasons to plant the two species in mixture; 
the P. laricio stems would be extracted with the early thinnings. 

Pinus murrayana in 30-year-old stands at Naseby Forest, at alti
tudes up to 2,600 ft, is a healthy and reasonably vigorous species. 
Unfortunately, P. murrayana, on shallow steepland soils and exposed 
sites, has proven to be extremely susceptible to windthrow. On the 
other hand, after 10 years of trial, at altitudes between 3,500 and 
4,000 ft, young stands of this species continue to show promise. 

The vigour with which P. murrayana regenerates, from an early 
age, has caused concern to a number of high-country farmers. 
Although readily browsed by sheep, the indications are that a 
stocking of at least one sheep to two acres is necessary to keep 
regeneration under control.* 

On dry difficult sites, in the inland and dry inland zones, the 
early growth of P. murrayana exceeds that of both P. laricio and 
P. ponderosa. Thus in the outside row of shelterbelts this species 
will provide early and useful shelter on dry hard sites. The promise 
this infrequently planted species shows in the "high country" alone 
justifies the classification of P. murrayana as a major species. Even 
so, its value in the mountain zone, for protection and possibly 
production purposes, requires much more investigation. On exposed 
sites the tendency for P. murrayana to be windthrown on all shallow 
soils is an important weakness that should not be overlooked. 
Except for use in shelterbelts, as recorded above, the use of this 
species in other than the mountain zone is not justified. 

* Personal communication from J. S. Dick of Ribbonwood Station. 
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Pseudotsuga taxifolia and Larix decidua: Although excellent stands 
are present throughout Otago, the availability of suitable sites for 
both species is limited. 

Pseudotsuga taxifolia stands of excellent quality are to be found 
under forest conditions in the south coastal zone but careful siting 
is essential. On many sites in this zone a large proportion of young 
stems remain sickly and chlorotic; this condition may continue for 
up to 10 years. If weed growth is vigorous the chlorotic stems are 
usually suppressed and killed. It is the writers' opinion that the 
poorly drained condition of the yellow-grey earths inhibits 
mycorrhizal development and in this way brings about the chlorotic 
condition of the trees. The condition originates in the wet heavy 
soils of the Milton nursery and continues for a time in the heavy 
soils of the forests. In the south coastal zone healthy shelterbelts of 
Douglas fir are virtually non-existent and the few good forest stands 
are largely confined to the steeper, bracken-covered slopes. 

The best stands of Douglas fir are found in the lakes region. Here 
excellent shelterbelts and forest stands occur on the deep, well-
drained alluvial flats as well as on hill slopes. In the lakes region, 
where seed trees are available, Douglas fir regenerates vigorously 
into surrounding country. There are limited areas suitable for 
Douglas fir in the inland, plateau, and Lawrence zones. 

Larix decidua is a species which requires deep, well-drained soils, 
on sloping ground, in sheltered localities. Where these requirements 
are met, in all but the mountain and dry inland zones, health and 
vigour are excellent. In the lakes and inland zones, regeneration 
spreads vigorously from seeding trees. A particularly striking 
example is to be seen near Naseby township, where regeneration 
has covered more than 100 ac of old gold workings. At Naseby 
Forest, at an altitude of about 2,400 ft, the m.a.i. (6 in. top) of 
unthinned or lightly thinned 45-year-old larch stands is 150 cu. ft 
per ac. It could be noted that this m.a.i, exceeds that for all other 
species at Naseby although, of course, Larix decidua has been 
planted on the best available sites at this forest. 

Cupressus macrocarpa, Populus nigra var. italica, and Salix species: 
Although extremely abundant in shelterbelts these species are not 
important in forests. 

Cupressus macrocarpa can tolerate exposed coastal sites, where 
excellent shelterbelts are to be seen. Further inland, however, the 
shelterbelts are invariably severely affected by cypress canker, and 
health and vigour rapidly deteriorate. Although results under forest 
conditions have been initially disappointing, there are several 
excellent stands at a small forest at Kaitangata (in the south 
coastal zone). There are indications that Cupressus macrocarpa will 
give better results in mixture with other species. 

Populus nigra var. italica, in shelterbelts on alluvial soils in all 
lowland localities, is one of the more widespread and successful 
species. As few poplar sites are available to the forester, the genus 
is one of agricultural, rather than forestry, importance. 

Salix fragilis, Salix vitellina, and Salix babylonica shelterbelts 
are frequently planted on alluvial soils. Salix fragilis has, unfor-
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tunately, occupied the banks of streams and rivers throughout 
most of Otago and has created a serious and costly river control 
problem. 

Minor Species 
Thuja plicata, Sequoia sempervirens, and Picea sitchensis'. The 
evidence suggests that these three species could, if the need arose, 
play some useful part in future afforestation projects in Otago. 

Thuja plicata stems, of excellent quality, are found on sheltered 
sites within the lakes zone. There are several promising young 
stands at Berwick Forest, in the south coastal zone. Many sites in 
this zone, which are rather too poorly drained for Pseudotsuga 
taxifolia, appear to be suitable for this species. Before further 
planting could be recommended, however, a detailed investigation 
of site and soil requirements would be necessary. 

Sequoia sempervirens stems, of healthy and vigorous appearance, 
are found in sufficient numbers in parks and gardens in the south 
coastal zone to suggest that planting under forest conditions war
rants further small-scale trial. This species fails in all other zones. 

Picea sitchensis is a rare species in Otago. After several years 
of negligible growth a young stand at Berwick Forest has suddenly 
increased height at an average rate of 3 to 4 ft per annum — a 
greater annual rate of growth than P. laricio on similar sites. 

Chamaecyparis lawsoniana, Picea abies, and Sequoia gigantea, 
although by no means frequently planted, are found throughout 
Otago. The evidence suggests that, except for small-scale shelter 
and amenity purposes, these species are unlikely to play any useful 
role in future afforestation projects in Otago. 

Chamaecyparis lawsoniana stems of reasonable quality are occa
sionally found in deep, well-drained soils in the lakes and the south 
coastal zones. 

Picea abies is a reasonably healthy and vigorous species in the 
lakes zone, but fails on most sites in other zones. An excellent stand 
is located on a brown loam in the south coastal area. 

Sequoia gigantea specimen trees around homesteads and in parks 
are abundant at altitudes below 2,500 ft. Large and healthy stems 
are found on a wide range of sites, including some which appear 
to be exceedingly dry — e.g., dit Cromwell. This species fails on 
poorly drained sites. 

Pinus muricata and Pinus sylvestris: The health, form, and vigour 
of these two species have been disappointingly poor. 

Pinus muricata has been one of the most frequently planted of 
the minor tree species. The "green strain" predominates, and, 
although somewhat stunted, has been extremely susceptible to 
windthrow. This reduces the value the species would otherwise 
have as a shelterbelt tree. The "blue strain" is more vigorous but, 
in addition to susceptibility to windthrow, lacks the vigour of 
P. radiata. The "green strain" may have value for shelterbelts on 
the infertile coastal sands, which although exposed, are relatively 
deep rooting. Nowadays P. muricata is a seldom planted species. 
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Pinus sylvestris stems have been inspected in numerous localities 
but in all cases are of poor form and vigour. 
Cupressus torulosa, Cedrus deodara, and Abies species: These are 
infrequently planted species but on a few sites have shown suffi
cient promise to warrant mention. 

Cupressus torulosa shelterbelts, of excellent quality, are located 
at Makarora in a rainfall area of more than 100 in. 

Cedrus deodara stems, of good quality, are found on dry inland 
sites. On several occasions this species has been observed to react 
unfavourably to poorly drained sites. This could be a useful 
shelterbelt tree on suitable sites. 

Excellent stems of Abies nordmanniana and Abies procera are 
occasionally seen in the south coastal zone — e.g., near Palmerston. 
Abies concolor appears to do well on certain inland sites. 
Pinus pinea and Pinus coulteri: These two species, together with 
P. murrayana, P. ponderosa, and P. laricio, could be useful for 
shelter and amenity planting in the dry inland zone. Excellent speci
mens of both species are located near Clyde. Few of the exotic 
trees normally planted in New Zealand show promise in this 
dry zone. 
Eucalyptus species: Eucalypt species are not important forest trees 
in Otago. Shelterbelts and woodlots of large, but unhealthy and 
stag-headed, E. globulus are abundant in the coastal and lakes 
zones. With few exceptions, stands of this species are infested by 
a variety of insect pests. Nowadays E. globulus is never planted. 
A few excellent stands of E. regnans and E. gigantea are found 
on good sites in the south coastal zone. Healthy stands of E. vimin
alis and E. gunnii occur in the north coastal, south coastal, lakes, 
Lawrence, plateau, and inland zones. All Eucalyptus species are 
extremely sparse in the dry inland regions. 

Deciduous hardwoods: The following are some of the more pro
mising deciduous hardwoods found within Otago. 

Quercus pedunculata is found throughout Otago, and although 
rarely sufficiently vigorous to hold promise as a timber producer, 
remains healthy on a variety of sites, particularly alluvial sites 
which are unsuitable for most conifers. 

Fagus sylvatica stands, of healthy and vigorous appearance, are 
located in the Dunedin City Corporation plantation in the south 
coastal zone. 

Betula pendula is a widely planted ornamental throughout Otago. 

Ulmus pumila is one of the few species which remains healthy 
and shows promise in the dry inland zone — e.g., near Alexandra. 

ADDITIONAL MANAGEMENT CONSIDERATIONS 

The economic attractions of individual projects will naturally 
vary from zone to zone, and will be determined by the following 
factors: Distance from markets and ports, population density and 
availability of labour, species compositions and site qualities, ter
rain, the effect of vegetation cover on land-clearance costs, and 
transport facilities (road and rail). 
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The data in Table 4 will assist in assessing the economics of 
afforestation projects in the different zones. 

TABLE 4: ECONOMIC CONSIDERATIONS 

Zone 

Mountain 
South coastal 
North coastal 
Lawrence 
Plateau 
Inland 
Dry inland 
Lakes 

Main 
Spec 
( f l ) _ 

2,5$ 
1,3 
1,3 
1,3 

1,2,3 
2,3 

2,3,5 
1,2,3,4 

ies* 
(h)_ 

4,6 
4,6 
4,6 
4,6 
4,6 

• — 

6 

%of 
P.radiata 

sites 

Nil 
90+ 

40 to 60 
60 to 80 
40 to 60 

5 to 10 
< 5 

50 to 70 

Population 
Densityf 

(per sq. mile) 

Nil 
78.6 
29.4 
7.0 
0.4 
1.8 
6.6 
3.7 

Distance from 
Dunedin 
(miles) 

— 
Oto 48 

32 to 72 
35 to 56 
l l to 45 
24 to 112 
48 to 100 

104 to 144 

* (a) Species that could occupy 40% or more of available hill sites. 
(b) Species for which less than 40% of available hill sites would be 

suitable. 
f Data taken from a 1957 publication by the Department of Statistics 

dealing with the 1956 N.Z. Population Census. Vol. 1: Increase and 
Location of Population, pp. 58-70 and pp. 97-124. 

t Up to 3,500 ft. 
Legend for species: 1. P. radiata; 2. P. ponderosa; 3. P. laricio; 

4. P. taxifolia; 5. P. murrayana; 6, Larix decidua. 

The figures given for the percentage of P. radiata sites have, of 
course, been subjectively estimated. Population-density figures are 
only approximate ones; boundaries of zones do not coincide with 
census boundaries. 

The present rate of planting in Otago, in State forests alone, is in 
excess of that necessary to meet future timber requirements of the 
local market. Any increase in the rate of planting, therefore, would 
be for export purposes only, either to other parts of New Zealand or 
overseas. 

CONCLUSIONS 

Within the Otago district are five widely planted and well tested 
exotic tree species, each with reasonably rapid growth rates. These 
are Pinus radiata, Pinus ponderosa, Pinus laricio, Pseudotsuga taxi
folia, and Larix decidua. The high quality of P. radiata for both 
timber and pulp production has been determined and, together with 
high yields and short rotation, makes it the most desirable species 
for major afforestation purposes. 

Because of timber quality, and demand, Pseudotsuga taxifolia 
should be planted wherever sites are suitable. However, such sites 
are limited except for the lakes zone. The role of Larix decidua in 
any future afforestation project will be limited by problems imposed 
through seasoning, conversion, and marketing of timber, coupled 
with the need for sheltered sites and good soil. 

In view of the unsuitability of Pinus radiata for most inland areas, 
P. ponderosa, and P. laricio will be of great importance for future 
afforestation programmes. 

Populus nigra var. italica, on poorly drained sites, or Cupressus 
macrocarpa, on exposed coastal sites, will continue to be two useful 

724 



shelterbelt species. Pinus murrayana has potential for the mountain 
and dry inland zones. 

Because of a climate that is unique by New Zealand standards, 
and in view of the failure of most of the usual species, experiments 
with hitherto untried species for shelterbelt and amenity purposes 
are a necessity in the low rainfall areas of the dry inland zone. 
Further trials, largely for protection purposes, for soil conservation 
and river control work, have still to be determined. For production 
forestry in lowland areas (below 2,500 ft) species trials are not 
needed, but the results from provenance and tree breeding experi
ments, under way or planned with the five main species, will be of 
great value. 

Within the Otago district it is clear that the south coastal zone 
presents the most attractive situation, and all necessary require
ments, for a large afforestation programme: more than 90% of sites 
are suitable for P. radiata, Dunedin city and port are centrally 
located, road and rail facilities are good, and suitable labour is 
readily available. Few regions, if any in New Zealand, can meet 
requirements as fully as can this south Otago coastal zone. 

Fewer sites in the plateau zone are suitable for P. radiata; never
theless, this zone adjoins the south coastal zone and is close to 
Dunedin. Afforestation projects in the plateau zone could be com
bined with those in the south coastal zone and be included in the 
same working circle. 

Although large areas of sparsely grazed land in the inland zone 
could be afforested with P. ponderosa and P. laricio as major species, 
the greater distance from markets and the scarcity of P. radiata 
sites give this zone a much lower afforestation priority than the 
south coastal and plateau zones. However, in addition to these 
inland Otago areas, there are extensive areas of comparable country 
throughout the whole of the South Island; thus the inland zone has 
considerable afforestation potential. In this respect, experience 
gained at Naseby Forest will be most valuable. A great distance 
from markets is also a feature of the lakes zone, although here all 
five main species grow particularly well. 

Within the north coastal zone, consisting as it does of largely 
alluvial soils, brown loams, and lime-rich soils, little land will be 
available for afforestation purposes. The dry inland zone will con
tinue to have little value for production forestry purposes. 

Protection forestry has not been dealt with in this paper. Here 
the altitudinal limit for production forests has been placed at 
2,500 ft. As outlined in the 1961 report of the Forest Research 
Institute, future forests over the range of 2,000 to 3,500 ft are likely 
to have the dual purpose of production and protection. Forests 
established above 3,500 ft are unlikely to be of significant production 
value. 

At this stage it is useful to consider in what way the conclusions 
outlined above give support to, or show weaknesses in, the present-
day silvicultural and management practices of New Zealand. Species 
siting is a case in point. Of recent years it has been the practice, no 
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matter how suitable for P. radiata the sites in a small forest may be, 
to aim for a final distribution of species with no more than 50%, by 
area, of P. radiata stands. Frequently P. laricio is planted on sites, 
which although somewhat more exposed than the average, are 
nevertheless perfectly good P. radiata sites. Economically, of course, 
P. radiata is much the more attractive species. 

Although, on a New Zealand-wide basis, it is necessary to have 
a reasonable distribution of species, and although there are still 
large areas available for P. radiata, an analysis of the position 
reveals that the greater part of Otago (and possibly of the South 
Island) is unsuitable for this species. It is suggested that species 
siting should be viewed in the first instance from a regional, rather 
than a forest or compartment, point of view. In the south coastal 
zone, where most sites are suitable for P. radiata, this species should 
be planted in preference to P. laricio. On certain favourable sites, 
Pseudotsuga taxifolia might, on economic grounds, be preferred to 
P. radiata. Ultimately, when planting in inland areas becomes neces
sary, few sites will be found suitable for P. radiata, which could then 
cease to be the major forest species in Otago. Suitable sites should 
be preserved for this highly productive species rather than for the 
slower growing P. laricio and P. ponderosa. 

As stated above, the present rate of planting in Otago is in excess 
of that necessary to meet the future timber requirements of the 
local market. However, with large areas of soil classified as more 
suitable for forestry than agriculture, there is an excellent oppor
tunity for establishing "national export forests" within the sparsely 
settled Otago district. (This matter was covered in the 1961-62 
report of the Director-General of Forests.) In New Zealand one 
example of "national export forests" is already established within 
the Bay of Plenty area. A further example is well under way at 
Nelson. In Otago such development is now in the initial stages. 

Is this development taking place as rapidly as it should; and, if 
not, what steps can be taken to increase the scale of operations? 
Planned planting programmes of 25,000 ac per annum, to create an 
extra million acres by the year 2000, are prescribed in the 1961-62 
report of the Director-General of Forests. Certainly this area will 
provide for local requirements and some surplus of forest produce 
for export. In view of the spectacular increase in the export of 
exotic timber during the past several years and the need for New 
Zealand to diversify exports, the modest amount of 25,000 ac per 
annum is totally inadequate to meet the situation. 

Is the State's contribution to this planting programme planned so 
as to allow this remarkable increase in forest exploitation to con
tinue? The writers of this paper believe that present planting 
programmes will not result in the continuation of this rate of 
development. Over the past decade or so much lip service has been 
given to the need for integration of forest industries, with pulp and 
paper playing a major part. Results in the Bay of Plenty area have 
fuUy justified the views of the proponents of integrated forest 
industries. Pulp and paper industries have proved to be most worth
while ventures. Although under certain conditions small "local 
forests" are necessary the development by the State of these small 
and often isolated forests, which cannot contribute to a major 
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industry, is proceeding at a greater rate than is warranted. (Supply
ing local requirements could in some instances be a function of 
private and farm forests.) This development by the State is happen
ing at the expense of larger projects which do anticipate integrated 
industries. Certainly some of these small forests are located in 
regions where "national forests" could be located but the present 
rate of development is such that several hundred years could pass 
before any large growth of forest industries could be expected. 
There is danger that the resources are being spread far too widely 
and thinly for effective projects to develop in any one region. 

Should the State continue afforestation in regions where major 
industries are already established? A recent feature of forestry in 
New Zealand (mostly in the Bay of Plenty area) has been the 
employment by large private companies of professional and field 
employees who are trained in forestry. These companies apparently 
intend to continue afforestation in this region. It would be unfor
tunate if the State and private enterprise were to compete for 
available land in this region while development elsewhere in New 
Zaland lagged for want of available resources. 

In conclusion, the writers believe there is scope for large-scale 
expansion of afforestation in the Otago district, but that unless a 
great increase in the rate of planting takes place the establishment 
of major industries will be delayed for many decades. 
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