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SYNOPSIS 

This paper defines briefly the more important basic planning 
principles to be considered in a large afforestation programme. 
In addition, detailed nursery and establishment problems are 
examined, with particular reference to nursery management 
tree stock quality and handling under Southland conditions. 
Species siting and attendant problems are discussed. Finally, 
some particular establishment conditions associated with Cen
tral Otago are reviewed. Within this area, harsh site factors 
— occasioned by high altitude and severe climatic conditions 
— combine to' produce particularly difficult establishment 
problems. 

INTRODUCTION 

Annual planting programmes in the Southland Conservancy 
have expanded significantly over the past few years — from 
2,500 acres in 1965 to a planned 7,000 acres in 1969. Whilst 
this boost in exotic establishment to some extent reflects the 
surplus labour that has been available over the last two years, 
the fairly rapid expansion is a forerunner to the establishment 
in Otago, by the end of this century, of a major timber using 
industry. 

In this short paper I should like to outline some of the 
problems associated with this establishment programme, in
cluding the period from nursery bed to final releasing, and 
also to cover some of the planning requirements necessary 
to implement a sound establishment programme. 

Before any plantings are undertaken the following factors 
and principles should be closely examined. 

(1) Roading Access. An adequate roading system prior to 
land preparation and planting is vital. It provides access for 
land clearing operations, increases the efficiency and extends 
the conditions under which burning operations may be carried 
out, and decreases establishment costs by reducing walking 
times. It is likely to be the most expensive operation carried 
out during the early establishment phase, and therefore close 
planning and high standards are necessary. Chavasse (1967) 
showed that initial roading for radiata stands should be as 
close to final logging standards as possible. It is much simpler 
to plan roads before the area is planted so that the cost of 
stumping the road formation is avoided and full use of the 
roading network is available throughout the rotation. 

(2) Monoculture as far as Site will Allow. In Southland the 
swing to monoculture, wherever the site allows, has progress-
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ed over the last ten years. Stock maps illustrate this well, 
showing a multiplicity of sub-compartments and small pockets 
of closely sited species in the 1940-50 era, followed by a 
gradual change to large areas of one species. Many of the 
small isolated pockets containing a wide range of species 
prove a silvicultural embarrassment, interfere with surround
ing thinning and logging proposals, and do not contribute to 
the specialized timber market, owing to the small volume of 
any one species. Monoculture has one outstanding attribute 
— simplicity — and this allows standardization. 

(3) Large Compartments. This is axiomatic with monoculture. 
The broken type of country in Southland results in ridge-
top roading so that whole catchments can conveniently be
come one compartment. Compartments of the same species 
of up to 400 acres occur at Berwick Forest and there appears 
little necessity for a more intensive management unit. 

(4) Complete Site Utilization. This is more a land prepara
tion subject and as such will not be elaborated on in this 
paper. However, incomplete land clearance affects establish
ment and subsequent silviculture to a considerable degree, 
principally from a protection aspect, and is an important fac
tor in general establishment practice. 

(5) Work Study. Since the adoption of work study methods 
and the use of bonus incentive schemes, many of the labour 
problems associated with large establishment programmes 
have been eased. Work rate is of vital importance in a large 
planting programme, and bonus incentive schemes (started in 
Southland in 1965) have helped to achieve this, as well as re
sulting in consistently low costs and reduced supervisory 
needs. 

NURSERY PRODUCTION 

All planting stock for the Southland Conservancy and a 
significant proportion of farm forestry needs are produced 
at Milton and Tapanui nurseries. The two nursery sites, which 
are co-ordinated as a single unit, cover some 112 acres of 
which only 73 acres is usable for nursery production. Almost 
seven million trees were grown in the year ended 31 March 
1969, whilst production in the current year will be almost 10 
million. This extra production is possible only by reducing 
the green-crop area to the dangerously low figure of one-sixth 
of the total area — about half what it should be for the good 
of the site. As it is necessary to produce both 1/0 and 2/0 
Pinus radiata, seed-bed requirements are higher than normal. 
It is considered that ten acres is the minimum requirement 
for the production of 0.5 million 1/0 and 0.5 million 2/0 
trees so that, when areas for buildings, poplar stools, orna
mental shrubs and trees are added, it can be seen that space 
is the principal problem at Milton Nursery. 

Most of the exotic forests in the Southland Conservancy 
lie south of latitude 46 degrees and suffer the consequences 
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— a short growing season, with heavy frosts during the winter 
and spring months. This fact, plus completely unsatisfactory 
soils at Milton Nursery, create considerable problems. The 
soil is a strongly mottled yellow-grey earth formed on loess. 
Topsoil has a silt loam texture and under continuous cropping 
its inherent weak structure breaks down quickly to a massive, 
cloddy, structureless mass with very low porosity. This break
down is intensified by the use of machinery and even by 
treading of workers during winter months. There has been a 
slow but steady deterioration of soil physical properties since 
the nursery was established and, with a constant whittling 
away of green-crop areas in recent j^ears, serious management 
problems exist. The working to a fine seed-bed tilth, seed-bed 
drainage, cultivation, use of machinery, winter lifting and 
despatch, all provide difficulties associated with climate and/ 
or soil conditions. 

TRANSFER OF STOCK FROM NURSERY TO PLANTING 
SITE 

Plant despatch in large numbers under adverse climatic and 
lifting conditions has been a major problem at Milton Nursery. 
However, with the mechanization of tree sorting and bundling 
by the use of a conveyor belt system, approximately 100,000 
1/0 P. radiata can be lifted, sorted and bundled in a nine-hour 
day using 23 workers. This is still not the full capacity of the 
system and delays are inevitable because frosts in the early 
part of the day often limit lifting operations. 

The transfer of stock from seed-bed to planting site con
tributes significantly to planting losses unless meticulous at
tention is paid to the wellbeing of the trees. 

In the past, considerable planting losses were no doubt 
partly attributable to methods of transport to the planting 
site and the method of heeling-in used at the site. The present 
method is to despatch all pines in multiwalled paper bags 
which each holds 500 trees, thus eliminating the danger of 
roots drying out while in transit and possible damage from 
heeling-in on site. The bags are placed under cover at night 
and their use has resulted in significantly higher survival and 
increased growth rates in the first year after planting, when 
compared with those obtained from conventionally heeled-in 
stock. 

So far in Southland the use of plastic bags for the transport 
of nursery stock to the site has been restrictd to trials. Whilst 
these were limited in extent, they did show that there are 
definite hazards in the use of plastic bags in this region and 
only by meticulous attention to detail and use of puddle could 
the method compare with the more conventional methods 
of transportation. It is of interest to note that deliberately 
wetting the tops of the trees before packing in the bags in
creased the rate of survival compared with unwetted trees 
(an increase of 7.25% at Berwick Forest, 26.25% at Otago 
Coast and 21.5% at Naseby). I t could well be that we attach 
undue importance to keeping the root system moist and over
look the importance of the plant tops. 
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It has been estimated that, by the use of bags, handling 
and storage costs have decreased by up to 20 cents per 1,000 
trees, but nursery costs have been increased by approximately 
2 cents per 1,000 trees, a net saving of 18 cents. 

TYPE OF PLANTING STOCK 

Normally 1/0 and 2/0 P. radiata are produced. 1/0 P. radiata 
have been used completely successfully in both the broad 
coastal Otago zone and in western Southland. However, in 
western Otago (mainly the Tapanui group of forests) and 
eastern Southland the 2/0 stock has been preferred. General 
indications are that on relatively clean sites 2/0 stock is in
ferior to the smaller 1/0, but on poorly burnt areas where con
siderable weed competition (particularly grass) is inevitable, 
2/0 stock is to be preferred. There are definite indications 
that for all radiata sites Ii/O seedlings, properly grown, would 
be the best all-round stock. However, there are practical diffi
culties in producing such seedlings at Milton Nursery. The 
late sowing and germination necessary to produce them re
sults in particularly high winter mortality of small seedlings, 
owing to frost lift and other damage. 

There has always been conflict on the definition of good 
planting stock, particularly of 1/0 P. radiata, with liberal usage 
of the terms "good colour", "well balanced", "adequate roots", 
etc. An attempt to resolve this problem was tried in South
land in 1965 by grading 1/0 P. radiata direct from the seed
bed and relating subsequent survival and growth rates to tree 
stock quality. Grading parameters were height, stem caliper 
and root/shoot ratio by weight. While climatic variation 
greatly affects trials of this nature, there were strong indica
tions that, given a reasonably clean site, it was in only the very 
poorest grades (which would normally be cull stock anyway) 
on the hardest of sites (in this case Naseby) that the effects 
of root qualita and shoot length were significant. It was also 
found that shoot extension in the first growing season was 
directly proportional to the original stem caliper — which is 
particularly important when considering release cutting and 
survival from browsing. The ideal 1/0 P. radiata for South
land conditions would probably have 8 in. of top growth, a 
stem caliper of 4 to 5 mm and a root/shoot weight relation
ship of better than 1:6. 

The handling and transport of stock to the planting site is 
extremely important and indeed, when combined with factors 
of climate, probably influences tree survival more than plant
ing itself. In 1964, trials were instigated in the Dunedin Dis
trict to evaluate the importance of planting technique on the 
subsequent survival of 1/0 P. radiata. Loose, acute angle and 
excessively deep planting were all investigated, together with 
variations in land preparation — removal of ground vegeta
tion, draining and heeling-in periods. Results in most cases 
were not statistically significant, but there was a strong sug
gestion that higher survivals, regardless of planting technique, 
could be expected from stock fresh from nursery beds which 
had not been subjected to long heeling-in periods. 
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TREE SPECIES AND SITING 

The main species planted within the Southland Conservancy 
are radiata pine, Corsican pine and Douglas fir. Of the 48,000 
acres stocked with exotic species, 50% is radiata pine, 20% 
Corsican pine and 15% Douglas fir. Present planting pro
grammes accentuate the establishment of radiata to an even 
larger extent — in 1968, of the total of 3,506 acres of new 
planting, well over 3,000 acres was radiata. 

Radiata pine is normally planted on country up to 1,700 ft 
above sea level and is the only species for dirty country. Many 
failures and present-day problems have been accentuated by 
planting slower growing species on poorly burnt sites or gorse 
areas. Survival is generally adequate, although occasionally 
heavy losses can occur — in 1959, particularly heavy losses 
occurred in coastal Otago and much of the area had to be re
planted in 1960. Machine planting is used wherever conditions 
allow, and results in significant differences in ensuing 
growth, together with improved general tree colour. This is 
particularly noticeable on heavy clayey soils. Pinus radiata 
established in 1961 at Herbert Forest can now be clearly dif
ferentiated on aerial photographs into machine-planted areas 
and hand-planted areas, purely by the vigour of growth and 
improved colour. The draining effect of machine-planting on 
such heavy soils contributes considerable advantages for tree 
growth. 

During the 1966 planting season, an attempt was made to 
increase machine-planting rates by using a D6 tractor with a 
special dual drawbar to pull two planting machines in tan
dem. The method was not persevered with owing to the lack 
of manoeuvrability at headlands and the restricted acreage 
available for machine-planting. However, in easy country offer
ing long machine runs, the method has considerable merit. 

Toppling of young P. radiata occurred at Herbert Forest 
in 1968 because of heavy rainfall and strong winds during 
April of that year. Weather conditions were extreme and re
sulted in some 362 acres of three- to five-year-old radiata pine 
being damaged, with the roots of scattered trees being loosen
ed and trees being displaced from the vertical. It has been 
estimated that almost 40% of the trees within the area were 
affected. Little damage occurred in stands over six years old, 
apparently because a better balance between roots and top 
gave more stability. From early investigations, it seems that 
growth of vertical roots is inhibited in the early years of 
establishment and that lateral roots do not give the necessary 
stability. 

In the damaged stands, the following treatments have been 
tried and their effect will be evaluated over the next ten or 
fifteen years: 

(1) Leaning stems cut out. 
(2) Leaning stems firmed and supported by turf. 
(3) Leaning stems supported with manuka stakes. 
(4) Left untreated. 
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Further investigation and research will be necessary if 
these adverse conditions are likely to recur periodically in 
northern Otago because they could result in significant losses 
of radiata pine increment. 

Corsican pine, although occupying 20% of the total stocked 
area in Southland, is normally restricted to clean tussock 
country above 1,700 ft. At present under these conditions little 
or no trouble occurs in early establishment and blanking re
quirements are minimal. Because of this, spacing is normally 
wider than with other species (8 ft by 8 ft). In the past, two-
or three-year-old stock has been used, but there appears to 
be little justification for the more expensive three-year-old 
trees and their use has been discontinued. Development after 
planting is always extremely even and from local experience 
the species would appear to be more site-tolerant than ponde
rosa pine. In Southland it has been used in a mixture of two 
rows of Corsican and one row of Douglas fir, with the Corsi
can contributing to the first thinnings of the stand. 

Douglas fir is no longer planted generally on coastal Otago 
sites and is restricted mainly to western Southland and the 
Tapanui group of forests. Past plantings of this species at 
Berwick and Herbert Forests have created problems in estab
lishment and subsequent silvicultural treatment, mainly be
cause of gorse-infested country and resultant poor stocking. 
This condition was aggravated by chlorosis and associated 
mycorrhizal deficiencies in the nursery which persisted for 
several years after planting. Top growth in many cases was 
nil, resulting in extremely uneven stand height and mediocre 
stocking. Difficulties of access, the necessity for involved prun
ing schedules (up to three different pruning schedules being 
necessary for these stands) increased fire hazard, a reservoir 
of gorse seed and a haven for opossums and pigs, were all 
pertinent issues in the coastal Douglas fir areas. 

In central and west Otago, Douglas fir has proved an im
portant species in the conversion of non-merchantable stands 
— mainly austriaca and scopulorum. At Naseby Forest under 
these conditions, Douglas fir has been satisfactorily establish
ed at altitudes from 2,000 to 2,400 ft. However, establishment 
of this species at the same forest is very difficult unless there 
is protection from a poisoned overstorey. A big robust type 
of planting stock is essential and is ensured by a simple grad
ing of Douglas fir seedlings at the nursery into large or small 
categories. 

Pinus ponderosa and recently a small but significant propor
tion of P. jeffreyii have been established at Naseby Forest at 
altitudes up to 2,500 ft. Apart from the fairly slow growth 
during the first few years following planting, with conse
quent competition from weed growth, no particular establish
ment problems are associated with these species. 

CONCLUSION 

In conclusion I should like to outline some of the unique 
problems, caused by climatic factors, which are met with in 
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the establishment of exotic tree species at Naseby Forest in 
central Otago. The forest is situated on the northern limits 
of the Maniototo Plain in Otago and ranges in altitude from 
2,000 ft to 2,600 ft above sea level. Whilst central Otago is 
noted for its low rainfall areas, Naseby Forest enjoys a rela
tively adequate rainfall of 24 in. per annum. However, 
droughts are not uncommon and, when they are combined 
with high altitude, heavy frosts (which have been recorded 
during all months of the year) and strong desiccating north
westerly winds during the summer months, they make tree 
establishment difficult. 

Frosts and exposure have seriously affected the establish
ment of radiata pine, larch and Douglas fir. In 1963, early 
summer frosts damaged young Douglas fir planted under a 
poisoned scopulorum overstorey. Frost heave of newly planted 
stock in open country has occurred on several occasions, and 
is a common occurrence in regeneration on unplanted fire
breaks. In these latter areas during the winter the soil is 
frozen and honeycombed to a depth of several inches, whilst 
during the summer it is desiccated and becomes very loose. 
These conditions eliminate most invading tree species and 
grasses and firebreaks remain relatively bare without any 
cultivation. 

Douglas fir and radiata pine are difficult to establish on 
open country under such conditions, and it would seem that 
radiata will play only a minor role in the future of Naseby 
Forest. Of the 330 acres of radiata originally planted there, 
only 17 acres remain to be felled. Gross malformity and inade
quate stocking are normal (except for the small area still re
maining, which is atypically sited on the side of a terrace and 
benefits from seepage from a nearby water race) and, although 
total assessed volumes have averaged over 10,000 cu. ft per 
acre, logging returns show the low average of 4,500 cu. ft per 
acre. The resulting heavy build-up of slash has to be burnt 
to facilitate replanting so that, because of the relatively 
small annual cut of radiata (40,000 cu. ft per annum), re
establishment is attempted only periodically in order that 
reasonably sized areas can be dealt with. 

Planting of open sites (as opposed to the conversion of in
ferior stands) cannot normally commence much before late 
August or early September because of snow and frozen ground. 
Tree species are limited to ponderosa pine, Corsican pine and 
recently a proportion of Jeffrey's pine, with Douglas fir being 
reserved for the conversion of non-merchantable stands. 

Corsican and ponderosa slash is not burnt before replanting 
and affords vital protection for the newly planted stock. 
Strikes are normally good and release cutting problems mini
mal. The presence of animals in winter, mainly hares and 
rabbits, can prove critical when snow blankets the area and 
young trees are the only green material available. In this re
spect, contorta pine regeneration is undoubtedly the preferred 
species. 

Species trials in Naseby Forest and at nearby Gimmerburn 
Forest, which has an even harsher climate, suggest that 
promising species for the area (where most planting is shelter-
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belts) could include Juniperus virginiana, Cupressus ben
thamii, Pinus wallichiana, P. sylvestris and Ulmus pumila. 
However, much more time is required before firm recom
mendations can be made. Often in these areas establishment 
appears to be successful, only to result in either unhealthy 
slow growth in later years or complete failure due to drought, 
frost or other cause, in any one year. 

While the Naseby conditions would appear to be entirely 
unsuitable for poplars, there are varieties which appear to 
thrive. Populus nigra var. italica grows exceptionally well, 
as does P. deltoides var. virginiana, another early introduction. 
Of the more recent varieties P. var. "rumford" appears the 
most promising. 

Of the species used for the conversion of inferior stands, 
Douglas fir has undoubtedly been the most successful while, 
of all the other species tried, Thuja plicata has been a poor 
second. Ammate poisoning in the summer preceding planting 
has been the usual practice with austriaca and scopulorum 
overstoreys. The variable efficiency of poisoning, the problems 
of excessive shade and the falling overstorey, which causes 
significant damage to the underplanted trees, all suggest that 
total poisoning of the overstorey is probably not the most 
efficient method of converting these stands. Alternative 
methods are continually being examined. 
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