
THE RE-ESTABLISHMENT OF RADIATA PINE AT 
KAINGAROA FOREST 

1. Basic sludies lo find the limitations of artificial 
and natural seeding 
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SYNOPSIS 

The history of re-establishment methods used up to 1966 
is traced. The movement of logging on to high altitude flat 
sites necessitated a radical change in re-establishment tech
niques. The limitations of artificial and natural seeding 
methods were established by studies of seedling growth and 
mortality after air sowings in 1966 and 1961. As control of early 
silvicultural operations became more precise, considerable 
deficiencies were noted in areas of natural regeneration which 
had previously been considered adequate. A photographic 
study illustrated the highly variable nature of natural re
generation and showed that it cannot be relied upon to re
stock any area completely. 

HISTORY AND BACKGROUND 

The history of re-establishment of radiata pine (Pinus 
radiata D.Don) at Kaingaroa Forest has been one of decreas
ing reliability of, and reliance on, natural regeneration. With 
tree breeders focusing attention, with increasing intensity, on 
the advantages of genetic control in establishment and re
establishment, this trend is certain to continue, and is likely 
to accelerate. Natural regeneration on the very early cutovers 
was studied by Ure (1949) and he found this regeneration to 
be satisfactory. A significant point in his studies was that 
there appeared to be little difference in regeneration stocking 
on areas felled at different times of the year. The effect of 
season of felling on subsequent regeneration was the first 
major problem encountered in re-establishment of radiata 
pine at Kaingaroa, and the failure of winter-felled cutovers 
to regenerate adequately is discussed fully by Mitchell (1959). 
The theory put forward to explain this failure is mentioned 
briefly in this paper. 

In the mid-fifties there was a sudden increase in the amount 
of clearfelling carried out at Kaingaroa owing to the com
mencement of operations at the Tasman Pulp and Paper 
Company's mill at Kawerau. The consequent increase in stand 
edge mileage within the forest led to an explosion in the 
population of exotic seed-eating birds (e.g., chaffinches, red 
polls and sparrows), which prefer a forest edge environment 
for breeding and roosting. These birds, along with the field 
mouse (Mus musculus), which invaded cutovers also, were 
to have a very significant effect on regeneration. 

* Forester, N.Z.F.S., Kaingaroa Forest. 
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On areas logged during the hotter, drier summer months, 
cones open on the fallen trees and seed is spread and buried, 
out of reach of predators, by subsequent hauling operations. 
Regeneration, varying somewhat in density (probably due 
to varying weather conditions) continued to become establish
ed on these areas. On areas logged in winter, however, the 
cones remain closed throughout logging, and open only dur
ing the first hot, dry period in spring. The time of cone open
ing and seed dissemination coincides with a shortage of food 
supplies for seed-eating birds and consequently the great 
majority of this seed is consumed immediately it is released. 
Mitchell (1959) estimated that 30 to 601b per acre is con
sumed in this way. Trials carried out by Olsen and others, 
involving the scarification of cutovers at the time of cone 
opening, and setting up of bird-proof enclosures, supported 
this theory of predation. This serves as a working hypothesis, 
but seed predation still remains a somewhat controversial 
subject. 

An answer to the problem was found in the early 1960s in 
the form of aerial application of repellent-coated seed to 
winter-logged cutovers. "Thirodust" was the original repel
lent, but this was later replaced by the less troublesome "Ara
san 42-S", a liquid suspension of thiram. The prescribed rate 
of sowing was 2 Ib of seed per acre. Helicopters equipped with 
rotary seed-slingers were used until 1965, but since that year 
a fixed-wing aircraft with a "Swathmaster" fertilizer-spreader 
has been used. 

In 1964 were carried out the first trials of poisoning before 
sowing, using wheat impregnated with compound 1080*. The 
purpose of these trials was to control increasing mouse popu
lations, which were suspected of destroying large amounts of 
seed. Pre-poisoning was used on an operational scale in 1965 
and 1966, but considerable doubt existed about the importance 
of mice predation of aerially-dropped seed. Birds were con
sidered to be of greater importance, but the effectiveness of 
"Arasan 42-S" as a bird repellent seemed to be decreasing. 
Accordingly, in the 1967 sowing only half the areas to be 
sown were pre-poisoned. A subsequent assessment of the sown 
area revealed no advantage, in terms of stocking, from pre-
poisoning. The practice was therefore discontinued. 

THE PROBLEM IN 1966 

During the mid-sixties clearfelling operations gradually 
moved towards the southern end of the forest, reaching areas 
of greater altitude, flatter topography and consequently harsh
er climate. Natural regeneration on summer-felled areas, and 
air-sowing on those felled in winter, although germinating 
successfully, generally failed. Detailed studies of seedling 
growth and mortality were instigated after the sowings in 
1966 and 1967 to establish the limits of aerial sowing as an 
effective re-establishment technique. As well as setting topo-

*20% solution of sodium monoflu or acetate. 
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graphic limits for air-sowing, this study revealed some basic 
data concerning germination of aerially-applied seed and 
growth and mortality of the resultant seedlings. 

GERMINATION, GROWTH AND MORTALITY FOLLOWING 
AERIAL SOWING 

Method of Study 

It was necessary to make frequent and regular checks on 
the condition of individual seedlings. A number of perman
ently marked stations were established on a range of sites, 
and these were visited at weekly, and later fortnightly, inter
vals. As a seed germinated within these marked areas, a num
bered aluminium tag was pressed into the ground beside it. 
Aerially-applied seeds were recognizable by their coating of 
white "Arasan 42-S" and could thus be distinguished from 
naturally-occurring seed. The health and growth of each seed
ling was recorded at each inspection. 

Germination 

Germination of seed sown in October is virtually complete 
by the end of December, the rate of germination reaching a 
peak at the end of November. Seedlings from air-sown seed 
account for about 70% of the effective seedling crop after the 
first growing season. The remaining 30% is made up of natural 
regeneration, which germinates at a fairly steady rate through
out the growing season. Growth of seedlings germinating late 
in the season is relatively fast, and this compensates for the 
shorter period of growth available to them. 

Mortality 

Although much seed is lost through predation and failure 
to become established on unsuitable seedbeds, and there is 
also a small loss from desiccation in summer, the main cause 
of mortality was early frosts in autumn, resulting in the 
failure of air-sowing on the high-altitude flat cutovers of 
southern Kaingaroa. This is illustrated in Fig. 1, which shows 
seedling mortality following sowing in 1966 and 1967. {Note: 
The shape of the two graphs should be noted, rather than 
absolute values.) 

After the 1966 studies had indicated that air-sowing was 
unsuitable for the hard frosty cutovers in the south, such 
areas were omitted from the 1967 sowing programme. The 
result is shown in the 1967 line in Fig. 1; in fact, no mor
tality from frost was recorded in the plots established in 
1967. 

It has been found that the frost regime of a particular area 
is controlled by three main factors: ground configuration, 
altitude and ground cover. 
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FIG. 1: Graph of seedling mortality by months of the year. 

(1) Ground configuration. Topography affects the frost regime 
by its influence on the flow of cold air. On flat and depressed 
areas this cold air is trapped, thus creating "lakes" and 
"ponds" of cold air — the familiar frost flats and hollows. 
Tlie relationship of the frost regime to the terrain is very 
difficult to quantify, but in order to obtain some idea of the 
effects of different topographic types on mortality of radiata 
pine seedlings, the sample plots established on areas sown 
in 1966 were each given a subjective air-drainage rating of 
good, medium and poor. Table 1 shows the percentage sur
vivals, after the first winter, of seedlings growing on these 
three site classes. 

The effects of topography on seedling survival are further 
illustrated in Tables 2 and 3. Table 2 compares effective stock
ing percentage (100% effective stocking = 1,000 evenly spaced 
stems per acre), before and after the first winter, of com
partments covering a range of conditions. Table 3 was com
piled by separating the effective stocking percentage for the 
flat and rolling portions of two compartments following the 
winter. 

(2) Altitude. Table 2 also illustrates the effect of altitude on 
seedling survival. At lower altitudes acceptable stocking is 
found after the winter even on flat country (Cpt. 902, for 
example), but at increasing altitudes survival declines even 
on slightly rolling country (Cpt. 494 at 2,200 ft a.s.l.). There is 

TABLE 1 : SEEDLING SURVIVAL UNDER DIFFERENT AIR-
DRAINAGE CONDITIONS 

Air Drainage Gross No. of Seedlings No. Surviving in Sept. Survival 

Poor 
Medium 
Good 

876 
93 

328 

270 
49 

230 

30.8 
52.7 
70.1 
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TABLE 2: PRE- AND POST-WINTER EFFECTIVE STOCKINGS ON 
A RANGE OF SITES 

Effective Effective 
Stocking Stocking 

Compartment Topography Altitude before Winter after Winter Loss 
(ft a.s.l) (%) (%) (%) 

1144 
101 
360 
902 
518 
494 
528 

Medium slope 
Rolling 
Gentle slope 
Flat 
Rolling 
Rolling to flat 
Flat 

1,460 
1,700 
1,400 
1,750 
2,200 
2,200 
2,140 

98 
99 
93 
99 
99 
99 
99 

96 
97 
89 
93 
92 
81 
62 

2 
2 
4 
6 
6 

18 
37 

TABLE 3: COMPARISON OF EFFECTIVE STOCKING PERCENTAGE 
ON FLAT AND ROLLING COUNTRY — POST-WINTER 

Compartment 

518 
494 

Effective Stocking Effective Stocking on 
on Flats (%) Rolling Country (%) 

40 95 
67 87 

TABLE 4: EFFECT OF SEEDBED TYPE ON SEEDLING SURVIVAL 

Seedbed Type 

A 
B 
C 

Gross. No. No. of 
of Seedlings Seedlings Surviving % Surviving 

380 225 53.3 
295 105 35.6 
557 156 28.1 

widespread mortality on flat country at this altitude (Cpt. 

(3) Ground cover. The microclimate surrounding any par
ticular seedling is also influenced by the ground cover in its 
immediate vicinity. The seedlings studied in 1966 were each 
classified by the seed-bed type in which they were growing, 
according to the following code: 

A. Mixture containing more than 75% of soil 
B. Mixture containing 25 to 75% of soil 
C. Mixture containing less than 25% of soil 

Percentage survivals of seedlings growing in these three 
types of substratum, after the first winter, are shown in Table 
4. 

Three reasons are suspected for the increasing seedling 
mortality on seedbeds containing a large proportion of debris 
and litter: 
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(a) Minimum temperatures are lower, probably due to the 
higher albedo percentage (greater reflectivity) and the 
lower conductivity of the debris. These factors could 
prevent a rise in soil temperature during the day, there 
then being less heat to escape under strong radiation con
ditions at night. Observations have shown that over a 
year the average minimum temperatures over debris were 
4° F lower than over exposed soil. This difference in
creases with lower absolute minimum temperatures, the 
greatest difference recorded being 9° F. 

(b) Much of the nitrogen in debris is locked up within de
composing organisms, and thus unavailable to plants. The 
seedlings growing in debris therefore tend to be nitrogen-
starved. 

(c) The water-retention properties of debris are lower than 
that of pumice soil; water availability therefore fluctuates 
more widely. 

(4) Relative importance of topography, altitude and ground 
cover. Of the three factors, the one of over-riding importance 
is topography; this is modified to a considerable extent by 
altitude, while ground cover has a definite effect also, although 
of comparatively minor importance. 

The main aim of the studies carried out in 1966 was to fix 
the limits of air-seeding as an effective re-establishment tech
nique. The results indicated that above about 2,000 ft a.s.l, any 
seeding method was out of the question except on rolling 
country. Flat, high-altitude country, of which a rapidly in
creasing area was being felled, would have to be planted. The 
planting season of 1967, however, showed that the problem 
was not a simple one. Although the 1966 studies had illustrated 
the very marked effects of topography on seedling survival, 
just how great an influence topography had on microclimate 
was only fully realized after the winter of 1967. As the 1967 
plantings were inspected through the following growing sea
son, and as survival counts came to* hand in March 1968, it 
became obvious that these high flat cutovers were very hard 
sites indeed. Not only this, but planting was further compli
cated by the amount of logging slash, which could slow down 
planting rates to as low as 250 trees per man-day, and which 
often prevented even the conscientious planter from getting 
tree roots into the mineral soil. 

Survival figures for one area at Kaingaroa showed a marked 
improvement. In this area the trees were planted later in the 
winter, and it was concluded that the better survival was 
due to the seedlings being harder at that stage than earlier 
in the season. At that time wrenching in the nursery had not 
been adopted for conditioning seedlings for planting. How
ever, for successful planting of these hard sites, the quality 
of tree stocks was obviously in need of improvement. A hard, 
woody, thick tree, about 12 to 15 in. high, with a dense mass of 
fibrous roots, was considered best. In order to raise such 
stock at Kaingaroa Nursery it would be necessary to sow in 
summer, to allow one and a half growing seasons, and to 
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subject the crop to a severe wrenching regime (Black, 1969). 
There was need for improvement in stock handling, in order 
to ensure minimum exposure of roots, and exposure of trees 
in polythene bags to sunshine, which has disastrous conse
quences, must be avoided at all costs. It is essential to make 
sure that tree stocks are in the best possible condition when 
planted. 

During the 1968 planting season, the planting of cutover 
was tackled in two ways. When planting in slash, a minimum 
area of 15 in. x 15 in. was screefed down to mineral soil at 
each planting spot, and the soil was cultivated to a spade 
depth, before planting the tree. This was a slow, expensive 
procedure, but was considered essential where heavy concen
trations of slash were present. But if this slash is removed, 
planting is quicker and easier. Consequently, a number of 
areas were cleared of slash by windrowing; lanes were about 
one chain wide, and windrows were narrow. A D.8 crawler 
tractor with a root rake, and a T.D.20 with bulldozer blade 
both gave very promising results, while cost of clearing was 
about $20 to $25 per acre. Planting speed was often trebled 
and survivals appear superior to those on untreated sites. 

STEEP COUNTRY PROBLEMS 
It was not only on the flat high-altitude country that the 

failure of aid-seeding and natural regeneration was apparent. 
The quantitative assessments carried out after the 1966 and 
1967 sowings showed low effective and total stockings on the 
steep areas in the north of Kaingaroa Forest logged by sky
line. As well as low stocking, regeneration on these areas is 
typically very patchy. The reasons for this partial failure are 
obscure. Seed wash from steep slopes is suspected, as well 
as the uneven scarification and consequent poor seedbed pro
duced by skyline logging. First crop stocking on these sites 
is low as a result of attack by Sirex noctilio in the early 1950s, 
and there is a considerable ground cover under the mature 
stands. Regrowth of bracken, tree ferns and shrubs after log
ging is very fast and often overcomes regeneration from 
natural and artificial seeding. Planting of these areas, except 
where patches of natural regeneration are obviously well-
established, is now standard procedure. 

RE-APPRAISAL OF NATURAL REGENERATION ON 
EARLIER SUMMER-FELLED SITES 

Because of the large areas involved, the lack of basic 
knowledge of radiata pine regeneration in its early years, and 
an inability to define exactly what minimum stocking should 
be one and two years after logging, stocking deficiencies in 
earlier cutovers did not become apparent until the time ar
rived for the first silvicultural treatment toi be applied. As the 
precision with which this operation was carried out increased, 
it became obvious that areas which had previously been ac
cepted as satisfactorily stocked were far from being in this 
condition. This was particularly so for areas of natural re-

75 



generation arising from summer logging on good topography. 
Often total stockings were very high, but effective stocking 
was usually disappointing, with many large gaps. A study 
was therefore initiated to evaluate areas of natural regenera
tion which had become established since the commence
ment of operations by the Kaingaroa Logging Company in 
1955. Of necessity, much of this evaluation had to be done 
from aerial photographs. 

To be able to state whether an area is acceptably stocked 
or not, a minimum standard of stocking must be decided 
upon. The criterion agreed upon was 1,000 evenly-spaced stems 
per acre. Planted stands of about this stocking were found 
to close canopy at some five years from planting. A selection 
of areas of natural regeneration was therefore examined on 
photographs taken five years after logging, and the re-stocking 
was classified according to the following crown closure 
classes: 

A 95% crown closure 
B/1 80 to 95% 
B/2 50 to 80% 
B/3 20 to 50% 
C 20% crown closure or less 

It was assumed that 80% crown closure was the lower limit 
of natural regeneration requiring no supplementary planting, 
and it was found that in no month of felling, over the period 
studied, had average crown closure been as high, or higher 
than this. Therefore, in no month could it be expected that 
natural regeneration would reach this minimum acceptable 
limit. On the other hand, in every month except March and 
April a certain proportion of all areas had stocking above this 
level, the best areas arising from felling in December. These 
data are illustrated in Table 5 and Fig. 2. 

TABLE 5: CROWN CLOSURE PERCENTAGE OF NATURAL 
REGENERATION RELATED TO DIFFERENT MONTHS OF FELLING 

Years over which Range % of Area 
Month of Average Data Average Crown of Crown with over 80% 
Logging were Obtained Closure (%) Closure (%) Crown Closure 

Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

1959-63 
1959-63 
1959-63 
1959-63 
1958-59 
1957-60 
1957r62 
1957-62 
1957-61 
1957-62 
1958-62 
1958-62 

73.8 
59.3 
23.8 
20.5 
47.9 
58.0 
56.7 
59.2 
61.3 
70.7 
77.6 
76,9 

10 to 97.5 
10 to 97.5 
10 to 65.0 
10 to 65.0 
10 to 87.5 
10 to 87.5 
10 to 87.5 
10 to 87.5 
10 to 97.5 
35 to 87.5 
35 to 97.5 
10 to 97.5 

57 
47 
0 
0 
29 
27 
23 
33 
40 
41 
59 
65 
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FIG. 2: Histogram from Table 5. 

On the basis of these findings, it is concluded that no area 
of natural regeneration can be expected to be satisfactorily 
stocked, and supplementary planting to fill inevitable gaps is 
now standard practice. The best time for this operation, to 
match growth rates of planted and naturally-arising seedlings, 
has yet to be determined. 

CONCLUSION 

With the limitations of artificial and natural seeding now 
established, the basic* information is available to begin work
ing on standard procedures for re-establishment of radiata 
pine at Kaingaroa Forest. The intention is to allocate all cut
overs to one of a series of site classes. A re-establishment 
procedure will be prescribed for each of these, which will be 
described in a further paper. 
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