PINUS RADIATA SURVIVAL, GROWTH AND
FORM FOUR YEARS AFTER PLANTING
OFF AND ON SKIDTRAILS
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ABSTRACT
Trees planted on and off skidtrails were measured and assessed
for survival, growth, and tree form. Height growth on the skidtrails was considerably less (327c less) than off the skidtrails.
Survival and form were also poorer on the skidtrails.
Growth and survival on the skidtrails were found to be related
negatively to the length of skidtrail behind the planting point —
a reflection of the amount of traffic over that portion of the
skidtrail.
Measurements of soil penetration resistance (compaction) along
the skidtrail indicated that it was positively related to the length of
skidtrail behind the measurement point. Increased soil penetration resistance on the skidtrails is suggested as one of the contributory factors to the poorer growth, form, and survival.
INTRODUCTION
Worldwide literature discussing the detrimental effects of agricultural harvesting machinery on soils and the resulting drop
in crop productivity (without follow-up amelioration techniques)
is numerous.
Awareness of the effects of harvesting equipment on forest
soils and tree crops is also rapidly expanding and has been most
recently summarised by such authors as Froehlich (1972), Murphy
(1982), and Wingate-Hill and Jakobsen (1982).
The effects of soil compaction and disturbance caused by harvesting equipment on the establishment of radiata pine (Pinus
radiata D. Don) are not well documented, although the indications
are that survival and growth are reduced (P. R. Carter, pers.
comm.; Berg, 1975; Sands and Bowen, 1978).
Severe soil disturbance on skidtrails can be classified as:
— Compression of the soil owing to machinery weight — this
leads to increased bulk density and mechanical impedance to
root growth, and to reduced aeration, infiltration, and mycorrhizal growth.
•Scientist, Forest Research Institute, Rotorua.
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— Deformation of soil structure — this further reduces infiltratration and leads to puddling of the topsoil.
— Removal of topsoil — this leads to reduced nutrient availability.
A research project has been initiated by FRI to measure the
effects of skidtrails on the survival, growth, and form of radiata
pine seedlings and to follow changes in these characteristics
through early tending practices (e.g., thinnings to waste) up to
age 8 or 9 years. This paper describes results from the first set of
measurements.
STUDY SITE DESCRIPTION
Part of Compartment 128 in Tairua State Forest on clay soils
was selected for the study site. The skidtrail characteristics of
this area are typical of some other logged compartments within
Tairua S.F. and of other forests surveyed in the North Island
(Murphy, in prep.). The information gathered from this study
site is expected to complement data being collected on tree
growth from a long-term soil compaction/topsoil removal trial
established in Maramarua State Forest — also on clay soils,
although of different origin.
The soil on the study site has been described as Tangatara
(127b) — Stoney and bouldery clay loam (DSIR, 1954). The
profile consists of eroded Whangamata lapilli overlying light
brown and greyish clay loam on weathered rhyolite and dacite.
The terrain on the site is mildly undulating. Its main features
have been classified, using the FRI terrain classification system
(Terlesk, 1983), as class 2 ground condition, class 2 ground
roughness, and class 1 slope. The mean absolute slope was 5°.
The area was logged downhill to roadside landings using a
skidder/tractor combination in the summer of 1977-8. The logging
officer remembers the soils as being quite wet at the time of
harvesting (T. Carter, pers. comm.).
The area was replanted in 1978 at a stocking rate of 1176
stems/ha with a mixture of P. radiata bulk seed and seed
orchard stock. Serpentine superphosphate fertiliser was applied
by hand at a rate of 170 g/tree at the time of planting and
applied from the air at 1 tonne/ha four years after planting.
No rehabilitation of skidtrails was attempted.
Only the main skidtrails could be positively identified and
measured four years after planting. These would be assessed as
damage classes DC3 or DC4 under the visual damage classifi-
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cation system described by Murphy (1982). Assessments of similar
areas logged by a skidder /tractor combination within Tairua S.R
have found about 15% of the cut-over area with either DC3 or
DC4 damage (Murphy, in prep.).
STUDY METHODS
Four neighbouring skidtrails within the selected compartment
were chosen for the study (see Fig. 1).
Soil penetration resistance (kg/cm2) was measured in spring
using a Bush recording soil penetrometer at 15 depths from
0 to 53 cm (3.5 cm spacing) at 5 m intervals along the skidtrails.
One hundred and thirty of these sets of readings were taken on
the skidtrail and the same number on alternate sides off the
skidtrail.

FIG. 1: Skidtrails measured in part of Compartment 128, Tairua State
Forest.
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FIG. 2: Selection of trees measured.

Along each skidtrail, as far as it could be recognised, the
following measurements were also recorded for each tree on the
skidtrail (196 trees) and two* trees, within the same row, off the
skidtrail (335 trees) (see Fig. 2):
— Stem height, to the nearest decimetre, was measured with
height poles.
*An exact 2:1 ratio was not achieved. In some places the skidtrail was
wide enough to have had two trees planted on it. Also near adjoining
skidtrails only one tree off the skidtrail could be measured.
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— Diameter breast height, to the nearest centimetre, was measured
with calipers. If the tree height was less than 1.4 m, dbh was
recorded as zero.
— Survival — trees were recorded as alive, dead (but not yet
rotted away), or missing.
— Form was assessed on live trees only. The form classes recognised were:
(i) good form, healthy
(ii) double leader
(iii) multiple leader
(iv) top missing
(v) severe butt sweep/toppled
(iv) dying or unhealthy
— Distance from the measurement point to the landing, along
the skidtrail, was measured with a string gauge (Hip Chain
M-25). This distance was later used to calculate the length
of skidtrail behind the measurement point (indicative of the
amount of traffic over that point (Fig. 3)).

FIG. 3: Calculation of skidtrail length.
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RESULTS AND DISCUSSION
Soil Penetration Resistance
Soil penetration resistance fluctuates as soil moisture content
changes. The penetration resistance values shown below and on
Fig. 4 are only for comparative information and indicative of
the relative changes caused by skidtrails.
Soil penetration resistance at all depths was found to be greater
on than off skidtrails and increased with the amount of skidtrail
behind the measurement point (Fig. 4). Off-skidtrail penetration
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FIG. 4: Mean increase in penetration resistance over a range of depths
and skidtrail lengths (difference calculated between off-skidtrail means and
on-skidtrail regression equations).
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resistance measurements ranged between 8 and 18 kg/cm2 for
depths below 5 cm.
The changes in penetration resistance on the skidtrails also
varied with depth, the greatest increase occurring at about 38 cm
depth (Fig. 4).
No significant relationship was found between penetration resistance at any depth and length of skidtrail behind the measurement point for off-skidtrail measurements.
It is evident from the results that soil penetration resistance is
increased on skidtrails on clay sites by ground extraction logging
machinery and that the increase is dependent on the amount of
traffic over the skidtrail. The increase in soil penetration resistance would also have resulted from soil loss* through skidding
as well as through a compaction effect. The depth to which the
increase occurs would generally be greater than planting depth
(20-30 cm).
Survival
The survival rate measured for trees planted on and off skidtrails was similar after 4 years, 75.5 and 78.0% respectively.
There was a trend (P<0.05), however, for the survival rate of
trees planted on skidtrails to decrease as the length of skidtrail
increased (Fig. 5). It could thus be expected that survival would
vary with the skidtrail pattern.
Tree Form
The form of those trees which survived was poorer on skidtrails than off (P<0.01) (Table 1). Forty-seven percent of trees
on the skidtrails were malformed to some extent, whereas 37%
of those off the skidtrail were malformed. There appeared to be
no relationship between the extent or type of malformation and
the length of skidtrail; that is, malformation would be just as
bad on a 50 m as a 500 m long trail.
By far the most numerous type of malformation found on the
skidtrails was severe butt sweep or toppling. There was significantly (P<0.01) more toppling on the skidtrails than off. Toppling could be attributed to the physical problems of planting
tree seedlings on compacted soils. Shallow planting is common
as planters, unless carefully supervised, do not take the time or
*In a natural soil profile soil penetration resistance generally increases
with depth.
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TABLE 1: TREE FORM ON AND OFF SKIDTRAILS
Percentage of Surviving Trees
On Skidtrail
Off Skidtrail

Form
Butt sweep/toppling
Double leader
Multiple leader
Missing top
Poor health

lll
6.1
2.0
1.3
O.O

18.8
7.7
6.6
3.1
0.8

Subtotal (malformed)
Good form, healthy

46.6
53.4

37.0
63.0

100.00

100.0

Total

trouble to dig a deep enough hole to give the stem sufficient
support. Shallow planting distorts the roots when they are pushed
against the botom of the hole, and lack of an undistorted taproot can lead to instability problems (A. R. D. Trewin, pers.
comm.).
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FIG. 5: Survival of 4-year-old P. radiata off and on skidtrails.
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Tree Growth
Height growth was significantly less (P<0.01) on the skidtrails
than off, being 2.05 and 3.02 m, respectively. No difference was
found between the growth of the first and second off-skidtrail
trees. Presence or absence of malformation had no effect on these
means.
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Height growth on the skidtrails was, however, significantly
related to the length of skidtrail; the greater the length of skidtrail the less the growth (Fig. 6). As expected, there was no
relationship found between off-skidtrail growth and length of
trail.
CONCLUDING REMARKS
The growth of P. radiata planted on skidtrails on clay soils
was substantially less than trees planted off the skidtrails. Both
survival and growth were related to skidtrail length. The proportion of trees that had good form on the skidtrails was also
less.
As soil penetration resistance was greater on skidtrails than
off and was also positively related to skidtrail length, it is believed
that the increases in resistance were a contributing factor to the
poorer survival, growth, and form of the trees.
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It is expected that many of the malformed and very small trees
on the skidtrails will be removed at either the first or second
thinning to waste.
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