PRELIMINARY TRIALS ON THE
AFFORESTATION OF ERODING MOUNTAIN
WATERSHEDS IN NEW ZEALAND
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SYNOPSIS
There is need for the development of extensive, cheap methods
of establishing protection forests in eroding watersheds.
Simple
trials in broadcasting tree seed were carried out between 1954 and
1957 using seed of Pinus ponderosa, P. mugo, P. nigra (laricio),
Alnus glutinosa and Larix decidua. For the four sites dealt with,
between 3,700 ft and 5,100 ft, outlines of the climate and soil are
tabulated, indicating the main features of the
environment.
Survival and growth of the species varied according to the harshness of the sites. A comparison of the results is made
between
species, and for the different sites. Of the species tried, P. mugo
appears to be suitable for direct seeding on the higher
altitude,
stable scree slopes, while P. ponderosa and P. nigra (laricio) are
more suitable for eroded sites at middle altitudes. Alnus glutinosa
was a complete failure and the results from Larix decidua were
inconclusive.
An outline is given of the main micro-site factors affecting the
success of direct seeding, and suggestions are made for further
research.
INTRODUCTION
Part of the current programme of research in counter-erosion
afforestation in mountain watersheds being carried out by the New
Zealand Forest Research Institute is centred on demonstrating the
ability of certain woody species to grow on harsh, eroding sites
(Forest Research Institute, 1960). On numerous watersheds of
the South Island of New Zealand the native species are failing,
or have failed, to provide adequate cover; and it is with these
areas that the programme is concerned. There are hundreds of
thousands of acres of seriously eroding lands where afforestation
for protective purposes may eventually be required, and the magnitude of the problem, together with the difficulties of working in
remote areas and under harsh conditions, would make conventional afforestation methods impractical. Alternative economic
methods of establishment are being sought (Brown and Tryon, 1960;
Kallander and Berry, 1953). This paper describes some preliminary
investigations into the possibilities of employing direct seeding
methods.
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The work was carried out between 1954 and 1957 on the slopes
of Mt. Oxford (latitude 43° 12'S) and in the head of Broken River,
Craigieburn Range (latitude 43° 08'S). These two sites are separated
by 30 miles of mountainous country, with Mt. Oxford being influenced by coastal conditions (30 miles to the east) and the Craigieburn Range subject to inter-montane conditions. At the time, little
was known about the environment in which seedlings of likely
species would have to be established. Apart from the harshness
of climatic and edaphic factors, the range in variation of microsite conditions is very large. On a priori grounds it was thought
that the limiting factors would include cover, exposure, moisture
availability, and soil stability (which here may be affected by frost,
water or wind). The degree to which these variables would influence
seedling survival and growth could only be guessed at. The objective
of this preliminary study, therefore, was to determine which of a
range of species could grow directly from surface sowing, and
over what range of sites.
Because the seed was sown at different seasons between 1954
and 1957, comparisons of results between sowings and sites may
not be quantitatively accurate. The results give an indication of
possibilities and serve as a starting point in gathering information
about the problem.
DESCRIPTION OF SITES
The soils concerned are high-altitude yellow-brown earths, developed under a rainfall of about 50 in. They lie between the upper
forest belt around 4,000 ft and the higher limits of alpine grasslands. In general, they comprise a shallow (Vi to 2in.) grey-brown
stony loam over a yellow-brown stony subsoil, moderately to
strongly leached, and of low natural fertility. Average figures from
soil analyses show pH values of 5.0 (range 3.6 to 5.9); phosphate
20 p.p.m. (0 to 50); and nitrogen 0.1% (0.06 to 2.4%) (H. Horn,
pers. comm.).
There are no long-term climatic data available. The average rainfall is probably between 40 and 60 in., distributed uniformly
throughout the year. Only limited falls of snow occur. The
growing season is short, with mean daily air temperatures above
40° F from November to March only; night minimum temperatures
are likely to approach, or fall below, freezing point during this
period. Strong fohn-like desiccating winds are also a feature of
the growing season.
All sites are unfenced and within the range of deer, hares, and
chamois, all of which are, however, present in low numbers.
Variations in density of plant cover, amount of soil eroded away,
and steepness of slope result in a wide range of site types.
METHODS
Four sites were chosen, to cover as far as possible a range of
environments from moderate to severe. Their characteristics and
the species sown are listed in Table 1.
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TABLE 1: OUTLINE OF SITE CHARACTERISTICS

Type

SITE A
Mt. Oxford
Induced
Erosion
Pavement

Altitude (ft)
3,800
Aspect
W.
Slope
15 to 20°
Soil loss
Complete
Surface
Stony
Stability
Stable
Area
10 ac
Plant cover
44%
Species tried: P. ponderosa
P. laricio
P. monticola
Date of
Sowing
8 April 1955

B

C
Craigieburn

Depleted
Forest
Soil

D
Range

Natural
Scree
5,100
SW.
32°

4,000
NE.
37°
Partial
Bared Soils
Soil Washing
30 ac
59°/o
P. ponderosa

P. ponderosa

26 Oct. 1957

16 Nov. 1954

—
Scree
Unstable
1 ac
Nil

Induced
Scree
4,700
W.
22°
Partial
Fine Scree
Stable
i ac
Nil
P. mugo
L. decidua
A. glutinosa
5 April 1957

The known origins of seed of the various species were:
Site A —Mt. Oxford:
P. monticola. N.Z. grown, originating from 1927 collection in
British Columbia, Salmon Arm, Lat. 51° N. No details of
germination per cent.
P. nigra (laricio). 1947 collection believed to be from Hanmer
Forest, Canterbury. No details of germination per cent.
P. ponderosa. 1948 collection in N.E. Washington, no details.
9,500 seeds per pound; 51% germination in 1954.
Sites B and C — Craigieburn
Range:
P. ponderosa. 1948 collection in N.E. Washington, no details.
9,500 seeds per pound; 51% germination in 1954.
Site D — Craigieburn
Range:
P. mugo. 1956 collection Karioi Forest, from multi-stemmed
trees. One ounce, containing 2,000 viable seeds; 72% germination in 1956.
L. decidua. Collection 1957 from 40-year-old trees, Broken River
Basin, at 2,800 ft, two miles from the site of sowing. One
ounce, containing 2,000 viable seeds; 61% germination.
A. glutinosa. Collected 1957, from 35-year-old trees in Christchurch Botanical gardens. No details of germination per
cent.
On each site, seed was broadcast evenly over a measured area.
Passage over the two scree sites C and D caused surface movement
which buried some of the seeds. On all sites, germination took
place in the first or second spring after broadcasting, the time
taken being dependent on how quickly seed became buried and
lodged in suitable fine material.
On sites A and B 100 seedlings of each species were located and
pegged and their subsequent development recorded. On site A,
however, germination was noted in the second year from sowing
and a further 63 seedlings were marked. The unstable scree at site C
proved unsuitable for establishing permanent pegs, so the growth
of selected plants was determined by uplifting and measuring.
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Since only a few plants survived on sites C and D, 100 seedlings
could not be measured.
Because of the loss of seed outside the marked areas, owing to
wind and surface washing, and also because of the irregular timing
of visits to the area, survival figures cannot reliably be related to
quantity of seed sown, but refer to survival of plants after germination.
RESULTS
1. The Performance of P. ponderosa
Details of survival and growth of P. ponderosa on sites A, B and
C are presented in Table 2.
TABLE 2: SURVIVAL AND GROWTH OF P. PONDEROSA ON
SITES A, B, AND C
B
C
A
Depleted Forest
Natural Sere*?
Induced Erosion
Pav enlent
Soil
Mean Ht. Number
Mean Ht.
Mean Ht. Number
Number
(in.)
Observed
(in.)
Uplifted
(in.)
Observed
0.5
0.2
100
100
10
1
3.5
10
1
163*
76
1
7.5
50
2
1.3
47
8
13
40f
2.6
1.4
31
ll
22
26J
.—
1
1.7f
5
1.9
—
—
—
—
i

Age
1
2
3
4
5
6

•

—

* Germination also occurred in the second year.
f Typical seedlings are illustrated in Figs. 2 and 3.
$A typical seedling is illustrated in Fig. 4.
It is clear that survival and growth varied considerably between
the sites. In general, increasing severity of site reduced both survival and growth. Sites A and C are more uniform within themselves than Site B, where large differences in slope angle, plant
cover and degree of erosion are evident. On site A, a survival of
14% after five years may be considered satisfactory, with all plants
rooted in stable soils appearing healthy and vigorous. On the unstable screes and erosion pavements within the site, results were
varied, though growth was generally much poorer but still apparently healthy. In April 1961 a species of Boletus was noted adjacent
to several trees, and examination of roots showed a white network
of mycelium, indicating the possible presence of mycorrhizae.
On site B, a forest soil bared by fire in 1923, details of the different cover types were recorded. Existing plant cover is low and open
in nature, varying between 32% and 57% coverage based on point
interception at 6 in. intervals along 10 chains of slope. Two types,
grass/herb and mat plants, make up the vegetation cover. Seedling
survival by cover type is illustrated in Table 3.
TABLE 3: SEEDLING SURVIVAL ON SITE B
Age
(yr)
3
3 Vi
4 Vi
5 Vi
6

Grass/
Herb
4
4
6
5
4

Mat
Plants
8
5
5
5
5

Litter
9
11
9
7
7

Stable
Bare Soil
38
26
23
19
14
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Unstable
Bare Soil
17
ll
7
4
3

Totals
76
59
50
40
33

This table demonstrates a marked effect of cover type on germination and subsequent survival. Thus, while germination was higher
on bare soil than where vegetation kept the seed from contact with
the mineral soil, survival was lowest on these bare areas.
Site C provides little information on growth potential of P. ponderosa. It is a very severe scree site with a low fraction of fine
material in the upper surface layers. Thus, in the top three inches,
only 60% by weight passes a 1 in. mesh and only 15% passes a Vi in.
mesh. Seedlings which did survive were periodically buried by
surface movement after heavy rains (displacement of up to 18 ft
has been recorded). Needles were short and a greyish-purple in
colour, and a resting bud was formed. The general impression was
of extreme unthriftiness.
2. The Survival of P. nigra {laricio) and P. monticola at Site A.
The performance of P. nigra and P. monticola at site A was less
satisfactory than that of P. ponderosa. Germination appeared to
occur mainly on unstable talus or bared portions of the site, and,
possibly as a result of this, losses were considerably higher. A few
seedlings remain healthy, but growth is more depressed and slower
than is the case for P. ponderosa.
3. The Survival and Growth of A. glutinosa, L. decidua, and P. mugo
on Scree.
Site D is somewhat less severe than site C, in that it is more
sheltered and comprises a finer, more compact scree.
No A. glutinosa seedlings were found. Larix decidua germinated
around the edges of the scree and followed the growth pattern of
that described for P. ponderosa on site C — i.e., unthrifty. Pinus
mugo germinated profusely in November 1957, but many died
within two months. In April 1958, at the end of the first growing
season, 31 healthy and stable seedlings were located near the edge
of the scree and adjacent to rock outcrops. Survival of these 31
seedlings w a s : at age two, 26; age three, 19; and age four, l l .
Figure 1 illustrates the growth, form and size of a typical plant
after three growing seasons.
Unlike P. ponderosa on site C and L. decidua on site D, P. mugo
had a healthy, dark-green colour with a strongly developed root
system. It seems little affected by the high surface temperatures or
the strong winds which sweep across the site.
No mycorrhizae have been found on any of the seedling roots
examined.
DISCUSSION
These preliminary trials indicate that it is possible to establish
trees by direct seeding on certain eroding soils at high altitude. Of
the species used, P. mugo seems the most promising for very harsh
conditions, while P. ponderosa may be suitable on relatively stable
sites at lower altitudes.
Reference to Figs. 2, 3, and 4 shows the marked difference in
growth and response by P. ponderosa in the three sites. At 5,100 ft
(Site A) this provenance is obviously struggling to remain alive and
cannot adequately maintain itself in an upright position. Even if
such small plants were given protection against sliding scree and
snow, it is doubtful if the required growth response could be
obtained. At 4,000ft (Site B) growth is slow but the plants appear
adequately healthy while root development is vigorous. Although
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Fig. 1: Pinus mugo, 4,700 ft on site D; 1 in. tall at 3 years of age.

Fig. 2: Pinus ponderosa,

5,100ft on site C; 17 in. tall at 5 years of
age.
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height growth is slow up to 4 to 5 years, it could be expected to
increase. It already exceeds that achieved by all the woody native
plants on similar sites in the area, age for age. At Mt. Oxford (site A,
at 3,800 ft where many of the site factors have been softened to
a considerable degree) this provenance of P. ponderosa appears to

Fig. 3: Pinus ponderosa, 4,000 ft on site B ; 2.6 in. tall at 4 years of
age.
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be well suited to local conditions. With such vigorous growth possible in the early years when established from seed, it would seem
that the range for production forestry is capable of considerable
extension upwards on to higher country than has hitherto been the
case.

Fig. 4: Pinus ponderosa, 3,800 ft on site A; 26 in. tall at 5 years of age.
Based on observations made during the period of these trials,
certain micro-environmental factors appear to have an important
influence on seedling establishment and growth. These controlling
and limiting factors increase in importance as deterioration in plant
cover and soil follows erosion, until the stage is reached when the
macro-environment is so altered that other, overriding factors
operate. Thus, once seed has reached a suitable germinating
medium, the most important factors are:
(1) Micro-site features: Bare soils and subsoils exposed to frostheaving are inimical to all seedlings below a certain size. This minim u m is thought to be that corresponding to a 4 in. depth of wellspaced roots. Frost heaving occurs on all fine-grained bare soils,
even on areas as small as 4 sq. in. (Gradwell, 1960). On bare areas not
susceptible to frost-heaving, raindrop impact and splash can be
physically overwhelming.
Regardless of size, bare subsoil areas are deficient in nutrients,
and both root and shoot development will be retarded. Such sites
have a low water-holding capacity, and seedlings are commonly
desiccated and sun scorched. Furthermore, bare areas in the highaltitude grasslands harbour grasshoppers; and chewing by these
insects of seedling cotyledons and new shoots further retards
growth.
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(2) Macro-site characteristics: To a large extent, the physical forces
operating on an eroding site depend on the stage and status of
deterioration. Soil and scree movement due to gravity, wind, or
water action limit growth, either by partial burying, or by exposing
seedlings. As bare areas increase in size and frequency, wind-blast
and sun-scorch become more important, until only the hardiest
seedlings can survive.
So far as many of the factors mentioned above affect seedlings
below a certain size limit or development stage, plants become
less susceptible to damage as they increase in size. In a directseeding operation, therefore, the limiting factor may often be
the extent to which growth in a single season can take the seedling
beyond the stage at which unfavourable environmental factors are
effective. When the latter can be recognized and measured, it should
be possible to forecast the probability of successful establishment
by direct seeding. As, on sites with a high erosion potential, there
appears to be little prospect of practising any form of intensive
ground preparation, research should also be directed towards
methods of ensuring rapid germination and early growth. The use
of fertilizers and seeds pelleted together offers some promise in
this regard.
Grateful acknowledgement is made to Assistant Ranger L. E.
Read for the drawings used in the figures.
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