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Tree planting at high levels in New Zealand is reviewed, details 
being taken from two regions in the North Island and four in the 
South Island. Both conifers and leaf-trees from Western America and 
Europe show promise at middle levels up to 4,000 f t .  There is, as yet, 
insufficient evidence to indicate critical altitudes and sites for the 
species tried so far. Further ecological investigations with both 
indigenous and exotic species are indicated before the problenis 
involved in re-vegetating mountain catchments can be solved. 

INTRODUCTION 

This article attempts to review important exotic tree introductions 
above 2,500 ft. altitude. Most of the information refers to work done 
in the South Island, the only examples from the North Island being 
plantings on the Ruahine Range and near Karioi Forest. Grateful 
acknowledgement is made to officers of Catchment Boards, the State 
Hydro Electric Department, and the Forest Service, who have drawn 
my attention to, and supplied details of, the various trials. The infor- 
mation was gathered in order to establish facts from which further 
trials could be planned and carried out without duplication of effort 
and material and without waste of time. However. it soon became 
apparent that there were valid grounds for treating some of the 
results with extreme caution. The failure of species has been, 
commonly, for reasons other than unsuitability of site; success on the 
other hand has frequently been in spite of trcatment given. Because 
of this and of a lack of co-ordination between those concerned, the 
work done to date has proved to be of limited value. Nevertheless, it 
must be stressed that had it not been for the pioneering efforts of a 
few ardent experimentalists in the past, we would today havc no 
information on which future work could be based. 

Throughout New Zealand there are large areas for which the 
principle use is, or must eventually be, the regulation of water yield. 
There is much evidence available (Cumberland, 1947) (Gibbs et a], 
1945) to show that at higher levels, the existing vegetation is at 
present a wasting one and that erosion and its consequences are 
proceeding at unnatural and alarming rates. Even conflicting and 
optimistic opinions (White ct al., 1949) cannot hide the fact that 
all is not well with the nation's high country estate. The most critical 
areas are those lying in the rain shadow to the east of the main 

:' Paper read at Annual Meeting, N.Z. Institute of Foresters, Hanmer, 1956. 
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ranges, particularly in lower rainfall zones and on soils derived from 
greywackes. 

Under present conditions the various plant associations in this 
general area are neither capable of covering the soil nor of con- 
trolling water flow. They can only be described as a tiresomely 
vulnerable collection of impoverished plants on depleted soils. These 
conditions have been brought about, or at least hastened and 
aggravated by man, by his activities and by domestic animals. Below 
2,500 to 3,000 ft., environmental factors are not so harsh, soils are not 
so poor, and slopes generally are not so steep that well planned 
conservational practices cannot be carried out economically to the 
betterment of the land. Above this level, profiles are more youthful, 
the environment becomes harsher, and the native vegetation steadily 
decreases in amount and effectiveness. In addition, there are only a 
few exotic plants which have proved capable of effectively taking 
over the protective role, and this only at the lower levels. At 3,000 ft., 
small areas of recently exposed ground become evident; at 4,000 ft. 
as much as 50 per cent. of the area may have lost both plant cover 
and soil, while at 5,000 ft. and above, large areas are reduced to 
stoney wastes. It is these last three zones with which we are particu- 
larly concerned. 

THE PROBLEM 

Enough has been said to indicate that there is a problem. This 
problem looms before us even though its individual elements are not 
completely understood. Despite this lack of understanding, however, 
it is generally agreed that all work must be directed towards the 
principle objective of improving the water regime. The reasons lie in 
the sequence of events which follow, like a chain reaction, any 
disturbance of a natural equilibrium, and which develop at accelerated 
rates and proceed with increasing energy. Solutions have been sought 
in the rivers and streams by the use of engineering works, with or 
without the help of such species as willows and poplars. Other work, 
whether consciously or by chance, has taken the form of re-vegetation 
or species trials on the higher country. It is the purpose of this paper 
to review such trials, with particular reference to exotic tree species. 
It must, however, be stressed that most trials, and certainly the recent 
ones, have been undertaken merely to find out which exotic species 
or provenances could be grown at high altitudes, should their use for 
this purpose ever be decided upon. The work being done does not 
presuppose that exotics will be used on a large scale, or even that 
it would be desirable to do so. 

WORK REVIEWED 
Records from 30 areas have been combined to give information 

for six geographic regions. They are, from north to south: 
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1. Ruahine Range -..- ---. ---- One Trial 
2. Mt. Ruapehu .... .... .--- 4 Trials 
3. Hanmer Area ---. .... ---. 3 ,, 
4. Waimakariri Area .... .... .... 16 ,, 
5. Two Thumb Range .... .... .... 3 ,, 
6. Southland .--. .... ---. .-.. 3 ,, 

With four exceptions all work reviewed has been initiated within 
the last twelve years. 

1. Ruahine Range 1953 

The site is a flattish ridge at 4,000 ft. Originally covered with 
mountain beech (Nothofagus cliffortioides) and scrub which was 
depleted by early fires; the secondary growth was reburnt in 1946. At 
the time of planting, in 1953, some soil loss had taken place but mat- 
plants and grasses were developing on bare areas. The site is 
moderately harsh, due in the main to exposure to north-west winds. 
The climate is on the cool side of a mesothermal, forest type. Animals 
present are deer, hares, and pigs. 

Two to four year old trees were planted between May and August, 
in a revegetation trial on the burnt area. The species tried were 
Pinus murrayana, P. ponderosa and P. sylvestri.~, and Picea sitchensis, 
which were planted across the ridge to include all aspects. 

Only P. sitchensis survived; by February 1955, less than 100 of 
these out of the original 500 could be found. Most of the surviving 
trees were eaten back, and growth was taking place only in sheltered 
positions. 

2. Mt. Ruapehu 1930 

The trials are located in compartments 77 and 78 at Karioi Forest, 
lying between 3,600 and 3,750 feet. Sites are typical of the southern 
flanks of the central volcanic massive. Soils are made up of deep 
Ngauruhoe sands over lying pumice and gravel. 

The vegetation is dense red tussock (Dnnthonin rigida) with 
some woody scrub species. 

The area lies to the south, with easy, little eroded, slopes. Animals 
present are deer and hares. 

The work was carried out to test species at the upper limits of a 
commercial forest, using planting and direct seeding as a means of 
estabIishment. In brief, the results are: 

Species Planted Height Remarks. At age 20 years. 

Pinus ponderosa 29' Healthy; good form; not seeding. 
P. murrayana 30' Heavy Sirex mortality; seeding for 

4 mile. 
P. laricio 22' Squat trees; snow and wind 

damage. 
P. sylvestris 25' Coning freely; few seedlings. 
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P. banksiana 10' 

P. radiata 20' 

Larix decidua 20' 
Picea sitchensis 3' 

Species Seeded Height 
Pinus murrayann - 

P. banksiann 4' 
P.  ponderosa 
P. strobus 

15 years. Favoured by animals; 
healthy. 

13 years. Few survivors; not 
healthy. 

Sparsely stocked; healthy. 
Held . in check by frosts; not 

browsed. 

Remarks 

Healthy; hare and deer damage 
common. 

1 I years. Moderate survival; con- 
ing at 13 years. 

Healthy; good survival. 
Failed. 
Failed. 

In a similar trial at 3,200 feet the growth of additional species has 
been as follows: 

Species Planted Height Remarks. At age 18 years. 

Pseudotsuga taxifolia 30' Originally frosted; now healthy. 
Pinus rigida 18' Bushy and spreading; healthy. 
P. strobus 18' Deformed. 
Larix leptolepis 25' Healthy, but rough; coning. 

Other trials in the Waiouru Military Reserve are commented on. 
Plantings made between 1930 and 1931 at the southern end of the 
Onetapu Desert at an altitude of 3,200 feet indicate the changes in 
growth potential when the topsoil of scoria-grit and sand is removed 
exposing a compacted sub-stratum. P. laricio and P. sylvestris planted 
on the sub-strata had grown 3 feet in 12 years, with their roots 
spreading to 15 feet. 

One feature of the Karioi trials is the record of damage caused 
by insects and fungoid diseases. Phomopsis damage occurred on 
young Pinus radiata; Lophodermium pinastri affected P. ponderosa 
to some extent; and Sirex caused damage to P. murrayana in one plot 
at the highest altitude. P. laricio and P.  ponderosa at high altitudes 
were also damaged by Sirex, though to a lesser extent. These three 
records suggests an increasing susceptibility of most exotic timber 
species to disease and damage with increasing altitude. 

3 .  Hanmer Area 1921-27 

The area lies to the north of Hanmer Forest, being moderate to 
steep country once covered by mountain beech forest with a strong 
broadleaf element in'the understory. Fires have altered the vegetation 
to a mixture of scrub and tussock, leaving bared soils, especially on 
westerly aspects. Site quality at 2,500 feet where most of the trials 
have been carried out is favourable. Animals present in small numbers 
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are deer and pigs, although sheep were once an added factor. Hares 
are also present. 

The work was carried out to test the possibilities of establishing 
a forest by direct seeding, as opposed to planting. Seed was broadcast, 
buried in spots, placed in prepared balls of earth, and cones were 
distributed. 

Results: 

Species Height 

Pinus pinaster 25' 

P. banksiana 
P .  laricio 35' 

P .  muricata 50' 

P .  canariensis 
P. ponderosa 3 5' 

P. radiata 50' 
Pseudotsuga taxifolia 

Chaemyciparus Iawsoniana 
Cupressus macrocarpa 
Acer pseudoplatanus 

Remarks at age 30 years. 

Vigorous; coning at 8 years; 
spreading. 

Few scattered small trees; coning. 
Short needled variety; healthy; 

spreading. 
Vigorous; deformed; coning at 25 

years. 
Failed. 
Healthy; straight; coning at 24 

years. 
Vigorous but deformed. 
Scattered trees; early damage by 

animals. 
Failed. , 

Failed. 
Failed. 

Nothing definite is known about the relative merits of the different 
techniques, except that one record in 1929 states "all broadcasting 
was a failure". Regeneration from parent trees was used to determine 
the age at which effective seed production takes place and to observe 
the abilities of each species to spread on to the various phases of 
deteriorated soils. In addition to the trials, L. decidua has spread 
from established stands and can now be found up to 120 chains distant 
from parent trees. At 3,000 feet larch sets viable seed at the age of 
15 years. 

Pinus pinaster, P. Iaricio, and L. decidua are all capable of spread- 
ing by natural seeding on to all sites up to 3,000 feet, even when some 
hare and deer browsing takes place. 

At Glyn Wye, 20 miles west of Hanmer at an altitude of 2,200 feet, 
P. sy1vestri.s is spreading vigorously over well grassed hillsides, despite 
the presence of sheep, horses, and hares. 

4.  Waimakariri Area 

( a )  Mt .  Enys Station 1930 
Planting was carried out in forest clearings to fill gaps left by early 

firewood operations. The site, at 3,000 feet, is moist, fertile, and 
sheltered by a fringe of mountain beech. 
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Animals present were sheep, deer, and hares, with numbers being 
greatly reduced around 1945. 

Tsuga heterophylla, P. radiata, P. murrayana, and C.  macrocarpa 
were planted in narrow strips across the slope. Animal damage caused 
the three latter species to fail, but Tsugu survived though in a much 
browsed condition. Much more vigorous growth was made after 1945 
when mountain beech regeneration became established and gave some 
protection; both species are now 20 feet high and are forming dense 
thickets. From the adjacent homestead plantings of L. deciduu and 
P. murrayana, seedlings are spreading across scrub and grass covered, 
impoverished flats in the presence of sheep and hares. They are 
coning at 12 years. 

(b) State Forests in the Craigieburn and Harper-Avoca Valleys 1953 
Seeding and planting trials were started during late 1953 and are 

still continuing. The programme is an extensive one and is given here 
the briefest outline only. 

The trials range in altitude from 3,000 feet to 6,000 feet; they cover 
the three major soil types found in the area, together with all aspects 
and degrees of slope; and they cover also all degrees of erosion from 
partially bared soil, through stabilised screes to induced rocky wastes. 

The objectives are: 
( 1 ) To determine the factors which limit the survival of different 

species. 
(2) To determine the most suitable species for different sites. 
( 3 )  To explore establishment techniques, and 
(4) Ultimately to study the growth and natural dispersion of 

established species in competition with all limiting factors. 

Seeding Trials 

At 5,100 feet, P. ponderosa sown across stable screes during the 
autumn of 1954 germinated and survived two growing seasons. At 
the end of the second summer (March, 1956), seedlings had reached 
the secondary needle stage, they were two inches high and appeared 
to be healthy. Pinus banksiana and Pseudotsuga taxifolia failed in 
this trial. In a replication at 5,500 feet, Pinus ponderosa germinated 
also and survived the first summer, but was destroyed by a snow 
avalanche in the following winter. 

Of 12 species tried on screes below 4,500 feet, P. coulteri, P. 
pinaster, P. Iaricio, P.seudotsu,oa taxifolia, and Cedrus deodara ger- 
minated and grew; L. decidua, Pin~1.s pinea, P. halepensis, Cedrus 
libani, and Acer platanoides germinated and died, while Alnus incana, 
P. tnurrayana, and P. banksinna did not germinate. Size of seed and 
seedling strength appear to be important factors. 

There has been no survival of seedlings on large areas of bared 
sub-soil above 4,200 feet. When slopes are steep, excessive run-off 
and scouring remove small seedlings, and on easier slopes frost lift has 
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so far been lethal. At 4,200 feet, Pinus mugo, sown in September 
1955, germinated and, though badly frost heaved, managed to survive 
over the first summer and make a little growth. Seedlings now face 
their first winter having reached the primary needle stage. 

At levels up to 4,000 feet, Quercus incana, A .  incana, and Euca- 
lyptus pauciflora have survived two growing seasons on small scalds 
and are now sturdy small plants up to 3 in. high. A.  incana has been 
eaten by hares and sheep whenever found. 

L. decidua, P .  murrayana, P. banksiana, P .  ponderosa, and P.  
pinaster, the three latter of authentic overseas high level provenance, 
were sown at the same time but failed to germinate until November 
1955. By March 1956, they were all past the cotyledon stage, 
although they have, as yet, experienced little or no frost action. 

It has been easier to get germination and survival on exposed top- 
soil, providing that neither deflation by wind nor washing by water is 
excessive. In addition to the species listed above. Pinus monticola, 
P .  leucodermis, Abies concolor, and Betula alba have germinated and 
survived the first year up to 3,800 feet. 

Planting Trials 

During the winter of 1955, 1 / 0  seedlings from Ashley Nursery 
were planted at various levels up to 5,100 feet. Potted Q. incana were 
also included in the trials. At 5,100 feet in a partly eroded sandy loam 
developed under snow tussock (Danthonia f lavescen~) ,  P. pinaster, 
and P.  banksiana, each of 6 lots of overseas provenances, and P. 
ponderosa and P .  jeflreyi made up to 1 in. of growth during the past 
summer, while C .  deodara, C. libani, E.  pauciflora, and A.  incana died 
back but started to form new shoots. Q .  incana stayed alive but made 
no apparent growth. Hare damage is common to all species. 

Scree planting at 4,100 feet was only successful on the stabilised 
edges, where C. deodara and A .  incana made up to 1 in. of growth. 
All plantings failed in coarser, less stable screes at all levels. 

A separate trial using stumped root-cuttings of sage (Salvia verti- 
cillata) was carried out on steep erosion pavements bordering scree. 
Each clump contained a considerable amount of nursery soil. Clumps 
were planted under snow in the winter, and after one growing season 
roots extending into the surrounding sub-soil had stabilised small, local 
areas. 

5. T w o  Thumb Area 

( a )  Fox Peak 1937 

Planting for amenity purposes around a ski hut was started in 1937. 
The site is on easy, moist, easterly-facing slopes at 3,603 feet, very 
sheltered and with much of the original soil and dense vegetation 
remaining. It probably carried forest at some not far distant period. 
Animals present are cattle, sheep, deer, and hares, though there is a 
fence of sorts. 
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Results: 

Species Height 

Picea excelsa 1 0' 
Chaemyciparis lawsoniana 5' 
Alnus incana 17' 

Thuya plicata 5' 
Pseudotsuga taxifolia 30' 
Pinus ponderosa 10' 
P.  murrayana 25' 
P.  strobus 12' 
P.  muricata 18' 
L. decidua 2 5' 
Sorbus aucuparia 20' 
B. alba 16' 
Juniperus sp. 15' 

Remarks at age 17 years. 

Healthy; erect. 
Coning; no seed. 
Vigorous; seeding onto bare, rocky 

face. 
Unthrifty. 
Healthy; seed apparently sterile. 
Healthy; erect. 
Coning; seed fertile; not spreading. 
Deformed. 
Bushy; vigorous. 
Healthy; seeding into grass. 
Seeding. 
Healthy; not seeding. 
Wet site; not healthy; browsed. 

Methods of raising stock and of planting are not known, and 
failures have not been recorded. There has been no record of any 
pathogens affecting the species, as have been described for the Karioi 
plantings. 

(b) South Branch: Opuha River 1953 
Trees and shrubs were planted over a wide range of sites from 

3,000 to 5,000 feet and covering several aspects. Originally under 
silver beech (Nothofagus meizziesii) and totara (Podocarpus hallii) , 
with some broad-leaved scrub and with snow tussock at higher levels, 
the valley slopes now have a good cover of tussocks and grasses up 
to 3,000 feet. 

This cover thins out with altitude and is almost absent at approxi- 
mately 4,500 feet. All plants were placed in the shelter of tussocks 
where these existed, and although site factors range from moderately 
severe to extremely harsh, local micro-siting has, in most cases, 
exercised a favourable bias. Sheep, deer, hares, and chamois are 
present to some degree over most of the area. 

Species planted-were similar to those listed above for FOX Peak, 
with the following as additions: Cotoneaster and Berberis spp. (two 
of each), Fraxinus excelsior, A .  platanoides, Tilia cordata, Malus sp.,  
and Japonica sp.  Tree stock consisted of two or three year old seed- 
lings from a commercial nursery. 

By January 1955, all species had failed above 4,500 feet. On 
westerly facing slopes at 4,500 feet where snow tussock and Celmisias 
covered a small area, Pseudotsuga taxifolia and Acer were making 
some growth and appeared healthy. Malus, Berberis, and L. decidua 
were existing without making growth. All other species listed above 
had failed, factors of browsing pressure, unsuitability of tree stock, 
and of species being inseparaldy mixed with adverse site factors. 
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At 4,300 feet under similar site conditions, P. taxifolia, Pinus 
laricio, and P. ponderosa were growing satisfactorily although most 
trees had been browsed. All other species had failed. 

At 4,100 feet,, Pseudotsuga taxifolia, Cotoneaster, and Berberis spp. 
were growing vigorously; L. decidua and Betula, though showing less 
growth, were quite healthy, and lime and maple were coppicing at 
ground level after having died back. 

Of the other species planted at lower levels, only Pinus muricata, 
P. tnurrayana and Chaemyciparis lawsoniana, Sorbus nucuparia, and 
Rosa multiflora appear to have survived. Apart from the last species, 
all were dying, again apparently owing to a combination of browsing, 
unsuitable stock, and harsh site conditions. Multifiora rose was not 
recorded as being planted, but had been introduced into the area at 
about the time of the trials. 

Seed Sowing 

Seeds of maple and ash, sown in small pockets of soil at 4,100 feet, 
had germinated and appeared to be making slow growth. Seeds of 
Pseudotsuga taxifolia, Pinus ponderosa, and Cupressus arizonica were 
broadcast on bared sub-soil and small rocky wastes at 4,400 feet. 
Only Pseudotsuga taxifolia appeared to be growing, the other species 
being represented by scattered, unthrifty seedlings only. 

Inland from this area, but in an environment sufficiently similar to 
be included in the same region, larch, Pinus murmyana, and P. 
laricio can be found spreading from homestead plantings into sheep 
grazed fields at levels below 3,000 feet. Near the Hermitage, Mt. 
Cook, a small group of larch is growing quite successfully at 3,600 
feet. 

6. Southland 

( a )  Mid Dome Area 1949 

This small outlier of the massive greywacke rises to 4,800 feet. 
Although originally covered by forest and scrub, grazing and burning 
over the last 50 years have caused deterioration of plant cover and 
soils to such an extent that, at the higher levels, and especially on 
north-west and south facing slopes, environmental factors are now 
harsh. Rabbits, hares, deer, and sheep are all present. 

Work on these slopes was initiated in order to control the run-off 
of water and prevent further gullying. 

A total of 21,000 trees had been planted up to 1955, and seeding 
trials carried out. Significant work is listed as following: 

Direct Seeding Above 2,500 ft. 

P. nturrayana 1949 to 4,000 W. No germination. 
1953 3,300 N.W. 20 seedlings; 2 in. 

P. pinaster 1949 to 4,000 W. Germinated and 
failed. 



Plantings 

Species Year Altitude Aspect Remarks at 1955 
ft. 

Pinus murraynnu 1953 4,200 S. Failed. 
, 1952 3,800 W. Growing well; 3 fect. 

1952 3,700 N.W. Poor growth; 15 in. 
1953 3,300 N. Failed. 
1952 below 3,000 all. Good growth. 

L. deciducr 1951 3,700 W. Healthy; stunted; 
browsed. 

P. pinu~ter 1953 3,300 N. Failed. 
P. n~ontana 1952 4,000 S.W. Failed. 
P. sylvestris 1952 4,200 N.W. Surviving. 

1952 3,800 N.W. Failed; animals. 
, , 1953 3,300 N. Failed; animals. 

P .  ponderosa 1952 above 3,000 Failed. 
Failures cannot be attributed to any individual cause, although 

records definitely indicate that animals have played a major part in 
bringing them about. It is not possible, however, to separate the 
effects of soil, aspect, and altitude from those of animals. 
(b) Nevis Saddle 1953 

Most of the work done in this area has been with grass species and 
fertilisers. Soils are schist derived and moderately fertile. 1955 plant- 
i n g ~  of Pseudotsuga taxifolia, pi nu^ ponderosa, P .  laricio, and P.  
nzurrayana were carried out at 3,300 ft. All species appeared to have 
survived during the first spring months. Eucalyptus gunnii died back 
but produced adventitious shoots. At the same time seventeen different 
lots of tree seed were sown, one half of each lot being covered with a 
possible mycorrhizal carrying soil. 

(c)  Coronet Peak 1952 

Three plots were laid down between 3,500 and 4,500 It. on a 
steep, south facing slope. The uppermost plot is steep and covered 
with dense 3 ft. high snow tussock; the middle one at 3,800 ft. is on 
a 20 deg. slope with a 50 per cent. cover of snow tussock; and the 
lowest one, at 3,500 ft., has only remnants of snow tussock on a 
level, dry, exposed site. Soils are schist derived, fertile, and relatively 
stable. Sheep and hares are present, the latter in considerable numbers. 

P. sylvestris (1 / 1 stock) was planted in October 1952. By Novem- 
ber 1953, growth had been made as follows: 

Per cent. Per cent. 
Plot Altitude Vegetation Strike Height 

1 .  4,500 90 93 9.3" 
2. 3,800 50 8 2 8.4" 
3. 3,500 20 50 8.7" 
3. 3,500 40 70 7.4" 

Plots 2 and 3 were burnt at the end of 1953. 
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The results suggest that tussock cover is of benefit in giving shelter 
from climatic elements and protection from animals, at least in the 
early stage of growth. 

COMMENT 

It will be obvious that much of the work carried out to date has 
been haphazard. Objectives have, in many cases, been ill-defined. No 
great thought has been given to the choice of species for trial. Follow- 
up has been inadequate, and recording indifferent. Though some 
species tried appear promising we cannot yet define the factors 
responsible for this success. We know little of the factors responsible 
for the failure of other species. 

In most cases there has been a complete neglect of basic principles. 
Direct establishment of high forest in place of grassland works very 
well in the fertile lowlands; but should we attempt, to the neglect of 
all other techniques, this one approach to re-afforestation of eroded 
highlands? On the basis of all overseas experience, the correct 
approach would surely seem to be one directed toward a slow 
re-building of the vegetation by stages, with forest trees appearing 
only toward the final phase of the work. In other words, an ecological 
approach to the task of re-afforestation is indicated. 

And again, why the pre-occupation with exotic conifers, with 
species introduced into New Zealand primarily for lowland timber 
production? There must be many thousands of shrubs and hardwood 
species that would better serve our purpose. 

Nevertheless, the work that has been done does effectively demon- 
strate the possibility of re-afforestation work in the highlands, and 
the possibility of forest establishment at altitudes and on sites inimical 
to native forest species. The need now is for better planning and 
direction of the work, and for more intensive attack on the problems 
involved, salvaging what is useful in past work and avoiding past 
mistakes. 

If exotics are to have an important place in the re-vegetation of the 
high country, we should, within a few decades, have the information 
necessary for their intelligent use. 
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