
energy and peak force than others to cut a radiata pine branch of 
the same size. More energy and force are needed to prune Dou- 
glas-fir branches than radiata pine branches of the same size. 
Potential gains are likely to be accentuated in Douglas-fir stands. 

The three &signs ranked highest for total energy requirement 
were also ranked highest in terms of peak force requirements. 
The remaining three designs did not rank equally for peak force 
efficiency and energy efficiency. 

The tests provided some basis for the endorsement of design 
features but inconsistencies were apparent. 

The Haumi Big shears, which were ranked first for energy 
efficiency, had the thinnest cutting blade, a straight blade profile 
and the second-smallest cutting edge angle. Shears ranked sec- 
ond and third had straight blade profiles and cutting edge angles 
similar to those of Haumi Big shears but the blades were 5 to 10% 
thicker. This increase in blade thickness was associated with a 
9% increase in total energy requirement. The Wiringi shears, 
which had the thickest cutting blades, but a straight profile and 
cutting edge angle only slightly larger than Haumi Big, required 
about 20% more total energy than the Haumi Big shears. The 
two lowest-ranking shears - Hit 27 (29% more energy required 
than for Haurni Big) and Prun-off (43% more energy) - both had 
convex blade profiles and the largest cutting edge angles in the 
first few millimetres of blade. The Hit 27 shears performed be -  
ter than the Prun-off shears even though the latter had slightly 
thinner cutting blades and smaller cutting edge angles. Hit 27 
had a sharper counteredge than Prun-off, which might account 
for the difference. 

Although tests were conducted in a laboratory and may not 
represent operational condition exactly, the observed energy 
requirement differences between pruning shear designs wanant 
further investigation. Issues such as frequency of sharpening and 
durability also need attention. The object of future studies should 
be the definition of a combination of implement design and work 
practice that minimises energy input during pruning. 
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Soil disturbance effects on Pinus radiata 
growth during the first 11 years 

G. Murphy, J.G. Firth, M.F. Skinner* 

Abstract 
The effect of soil disturbance (forest litter removal, topsoil 
removal and compaction) on the productivity of second-rotation 
Pinus radiata growing on a clay loam soil was assessed in a long- 
term trial. Relative to the controls, tree volumes at age I I years 
were reduced by about 20% where litter had been removed by 
machine, about 55% where the topsoil had been removed and 
subsoil compacted with two passes of a loader, and about 65% 
where the topsoil had been removed and the subsoil compacted 
with eight passes of a loader. Long-term indications are that 
although relative growth d@erences between trees in treated and 
untreated plots are decreasing with time, negative effects of top- 
soil removal combined with compaction of subsoil are likely to 
be apparent when the trees are due to be harvested. 

Keywords: soil compaction, litter removal, soil removal, site 
productivity, tree growth. 

Forest Research Institute, Private Bag, Rotorua. 
murphyg@fri.cri.nz 

Introduction 
Each year in New Zealand, approximately 20,000 hectares of 
plantation forest are harvested with the aid of ground-based log- 
ging equipment such as felling machines, mechanical processors, 
skidders and crawler tractors. These machines inevitably disturb 
the soil and extensive litter removal, topsoil removal, horizon 
mixing and soil compaction may occur. A number of worldwide 
literature reviews (e.g., Wronski & Murphy, 1994), as well as ear- 
lier research in New Zealand (Ballad, 1978; Berg, 1975; Mur- 
phy, 1983; Skinner et al. 1989), have indicated that soil 
disturbance relating to harvesting may result in reduced tree 
growth. In particular, the effects of soil compaction may be 
apparent for decades unless remedial measures are taken. Mod- 
ification of the soil as a result of harvesting is of particular impor- 
tance in New Zealand where fast-growing Pinus radiata D. Don 
only requires 30 years to reach economic maturity andup to one- 
third of a site may be disturbed to some extent (Murphy, 1984). 

To evaluate the long-term effects of harvesting practice on soil 
characteristics and the growth of second rotation Pinus radiata, 
the Forest Research Institute established an experiment on a clay 
loam soil in Maramarua Forest in 1982. Skinner et al. (1989) 
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reported results from the experiment after the first five years. This 
paper provides an update after 11 years of growth. 

Site preparation 
Skinner et al. (1989) have provided a detailed description of trial 
location and soil conditions before and after establishment. The 
soil is a clayey, kaolinitic, mesic, typic hapludult developed from 
highly-weathered greywacke. The topsoil (A horizon) is about 
9 cm thick. 

Five soil treatments, two of which are shown in Figure 1, were 
used to compare the types of disturbance caused by harvesting 
operations. Each treatment was applied to a 20 metre by 30 metre 
plot and replicated five times, giving 25 plots in total. The treat- 
ments in ascending order of soil disturbance were: 

(i) Control 
(ii) forest litter removed by hand; no soil compaction (LR-NC) 
(iii) forest litter removed by light agricultural tractor; light com- 

paction (LR-LC) 
(iv) topsoil removed to a depth of 10 cm with a light agricul- 

tural tractor and subsoil lightly compacted (TR-LC) with 
two passes of a loader 

(v) topsoil removed to a depth of 10 cm with a light agricul- 
tural tractor and subsoil heavily compacted (TR-HC) with 
eight passes of a loader. 

The light agricultural tractor used was a Bristol Taurus (45 
HP) and the loader was an Allis Chalmers HD6 (75 HP). 

Second rotation tree establishment and management 
Pinus radiata seedlings (110 stock) which had been hand-lifted 
and root trimmed were planted at a rate of approximately 90 per 
plot (3 x 2 m spacing; 1700 s/ha). After planting, 170 g of super- 
phosphate was applied to soil around each seedling. Diamrno- 
nium phosphate (250 gttree) was applied one year later. 

Canopy closure was noted in Control plots at age four. In 
order to prevent unequal crown competition due to treatment, all 
plots were thinned to approximately 600 s/ha in 1986. Small and 
atypical trees were selected for removal. Atypical trees were 

defined as those present in microsites that were not representa- 
tive of the treatment, e.g., where topsoil had not been completely 
removed around the stumps of first-rotation trees. 

At age four all residual trees were pruned, half of the green 
crown being removed regardless of tree height. At age five a sec- 
ond pruning was carried out to the same prescription. A second 
thinning at age six resulted in a find crop stocking of approxi- 
mately 250 s/ha. 

The weed pampas grass (Cortaderia selloana) can be a prob- 
lem during the establishment of Pinus radiata in Maramarua For- 
est. Before planting, the whole site was sprayed with hexazinone 
(5 kgha). New pampas growth was removed annually to age 10 
by spot spraying with glyphosate (0.7% active ingredient). Since 
1992 pampas plants have been removed manually. 

Growth assessments 
Individual tree heights were measured annually from age one to 
age six, again at age 11 and after each thinning. Diameter at 
breast height measurements were made annually from age four. 
These data were used to determine individual tree volume from 
a volume table (No. T009; Dunlop, 1995). Significant differ- 
ences (p<0.05) between treatments were identified by analysis of 
variance and means were compared using the least significant dif- 
ference test. 

Results 
Tree growth at age 11 
Height, diameter and volume growth at age 11 was not affected 
by removal of the litter layer at time of planting where there had 
been no compaction of the topsoil (Table 1). The effect of the 
other treatments on tree growth was still apparent, height being 
reduced by 9% in LR-LC plots; 18% in TR-LC plots; and 31% 
in TR-HC plots. 

Litter removal had no significant effect on diameter growth. 
Tree diameter in the two treatments involving topsoil removal 
and subsoil compaction was reduced by 29% (TR-LC) and 38% 
(TR-HC). The degree of compaction did not have a significant 
effect. 

Figure 1. Three-year-old trees growing on a plot from which the topsoil had been removed and the subsoil compacted (right) were less than 
half the height of trees on an undisturbed area (left). 
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Treatment Helght Diameter Volume 
- (m) I (%) (cm) (%.a) (m3) (%.a) 

Control 18.8 a / 100 31.1 a 100 0.448 a 100 

Litter Removed, No 18.8 a 1 100 30.8 a 99 0.443 a 99 
Compaction 

Litter Removed, Low 17.1 b 91 29.0 a 93 0.373 a 83 
Compact~on 

To~soilRemoved. 1 5 . 5 ~  82 2 2 . I b  71 0 .209b  47 
Low Compaction 
Topsoil Removed, 12.9 d 69 19.2 b 62 0.146 b 33 
High Compaction 

Values wth the same letter are not significantly different (p< 0.05). 

Table 1. Mean tree height, diameter and volume* 11 years after 
planting 

Long-term trends 
The relative effect of the soil disturbance treatments on height 
growth was found to have changed with time and as a conse- 
quence of thinning (Figure 2). A significant effect of the LR- 
NC treatment was first noted at age four. The first thinning 
reduced the difference betweenLR-NC and Control plots and the 
second thinning removed it altogether. No difference was 
detected between years six and 1 1. 

Mean height in the LR-LC treatment was significantly lower 
than the Control at every assessment. The magnitude of the dif- 
ferences increased in both absolute and relative terms up to age 
four, when height was reduced by 44%. After first and second 
thinnings reductions of 29% and 9% respectively were noted. 

Height growth in the TR-LC and TR-HC treatments was sig- 
nificantly different from the Control throughout the first 11 years, 
but the magnitude of the difference decreased with time. At age 
one, height reduction inTR-LC plots was 43%, but by age 11 this 
had decreased to 18%. In the TR-HC treatment height reduc- 
tion was 49% at age one and 38% at age 11. 

Absolute height differences between the Control and both 
treatments involving topsoil removal plus compaction increased 
with time. For example, at age seven, TR-HC trees were about 
5 m shorter than Control trees, which had reached this height two 
years earlier. The difference increased up to age 11, where TR- 
HC trees were about 6 m shorter than Control trees which had 
attained an equivalent height three years previously. 

Volume trends from age four were similar to the height 
growth trends, i.e., the difference between mean values for the 
Control and each treatment decreased with time. Mean (per tree) 
volume difference decreased from 32% at age four to 1% at age 
1 1 for the LR-NC treatment (Figure 3). Decreases over the same 
period were 50 - 17% for the LR-NC treatment; 73 - 53% for 
the TR-LC treatment; and 77 - 67% for TR-HC. 

Soil d i s t u r b a n c e  e f f e c t s  on h e i g h t  g r o w t h  

Figure 2. Long-term effects of soil disturbance on tree height 
growth (Pre-commercial tbhnhgs were done at ages 4 and 6. .Both 
before- and aibr-thinnings measurements are included. LR-NC = 
Litter removed, no compaction; LR-LC = Litter removed, low com- 
paction; TR-LC = Topsoil removed, low compaction; TR-HC = Top- 
soil removed, high compaction). 

Discussion 
Skinner et al. (1989) reported that tree growth reduction due to 
treatment was evident during the first five years of this trial. They 
attributed growth losses to degraded soil physical conditions and 
to soil fertility, andnoted that "early effects of physical site degra- 
dation on the growth of Pinus radiata resulted from a combina- 
tion of nutrient (N andP) deficiency, increases in soil compaction 
(soil resistance), and less favourable soil temperatures owing to 
the absence of a buffering effect of the forest litter". 

After 11 years, measurements show that tree growth reduc- 
tion was still evident on sites where topsoil had been removed 
andor where soil had been compacted. Differences between 
trees in the Control and treated plots were diminishing with time. 
Thinning quite clearly reduced the magnitude of these differ- 
ences. 

Where the litter, but not the topsoil, had been removed and 
there was no compaction (LR-NC), tree growth rate after age six 
compensated for earlier volume loss. Extrapolation from results 
to age 11 indicates that similar compensation would occur by 
about age 15 in the LR-LC treatment. Development of the tree 
canopy and a new forest litter layer can be expected to protect the 
soil from the extremes of temperature and moisture that would 
have been experienced earlier in the rotation, and thus improve 
physical conditions for tree growth. 

- Soil d i s t u r b a n c e  e f f e c t s  on v o l u m e  g r o w t h  

- Control ...... ....... - 
- LR-NC 

. ..- ...... 
.....- ...... 

- LR-LC . . .  - TR-LC : 

a, 
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Figure 3. Long-term effects of soil disturbance on tree volume 
growth relative to the Control treatment. (LR-NC = Litter removed, 
no compaction; LR-LC = Litter removed, low compaction; TR-LC 
= Topsoil removed, low compaction; TR-HC = Topsoil removed, 
high compaction). 

Removal of topsoil combined with compaction of subsoil had 
a severe effect on height, diameter and volume growth from age 
one to age 11. A 53% to 67% reduction in volume was recorded 
in 1 1-year-old trees. Although in absolute terms the difference 
between the Control and each of these treatments was still 
increasing, it was becoming less important as the trees grew 
larger. Relative to the Control the percentage volume growth in 
these treatments increased with time, but at a considerably slower 
rate than in the litter removal treatments. At the 11-year rate of 
recovery from soil disturbance, trees in the TR-LC and TR-HC 
treatments would be at least 40 years old before volume growth 
was equal to that of Control plots. Since current management 
practices are based on a rotation length of about 30 years, the 
effects of these treatments are likely to be apparent when the 
stands are clearfelled 
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School of Forestry News 
Dr John Allen 
Staff of the School were saddened to hear 
of the passing away of Dr John Allen. Past 
graduates and friends will remember John 
as a well-respected and much-loved staff 
member of the School from 1970 until 
1993. Our thoughts and condolences are 
with Jan and family. 

Minister of Forests' Visit 
Lockwood Smith, Minister of Forests, vis- 
ited the School recently and spoke briefly 
to members of the staff before presenting 
the Deans Lecture to an attentive student 
audience. The Minister discussed what 
government policies and the forestry p e n -  
tial in New Zealand will mean for future 
graduates from the School of Forestry. 
Despite heckling from (non-forestry) stu- 
dents, the capacity crowd was attentive 
and asked some thoughtful and searching 
questions. The Minister will be again in 
Christchurch for the formal opening of the 
new wing of the School building. 

Building Progress 
As can be seen in the photo, the new wing 
at the northern end of the School building 
is almost complete. Academic and secre- 
tarial staff will be moving into the new 
wing in mid-November, and the official 
opening of the building will be held on 
February 18. The Minister of Forests and 
other dignitaries will be present for the 
official opening. 

Staff Activities 
Dr Euan Mason recently returned from 
Chile where he designed a research pro- 
gramme for initial growth modelling of 
radiata pine. He also advised the Chileans, 
who are investing more than $US1 million 
in the project, how best to make decisions 
about expenditure during plantation estab- 
lishment when the rotation-length 
responses of crops to establishment treat- 
ments are not well known. 

Dr Richard Woollons, Carter Holt 
Harvey Visiting Senior Lecturer, spent 
three weeks recently at the Division of 
Forest Research, CSIRO, Canberra, con- 
tinuing his earlier work into adding envi- 
ronmental and climatic variables to growth 
and yield systems, with a view to enhanc- 
ing predictive accuracy. The emphasis on 
this latest joint research is associated with 
Napier Pinus radiata forests. 

Curriculum Review 
Academic staff recently held a two-day 
workshop at Akaroa, in which the under- 
graduate and postgraduate programmes 
were reviewed. Following open and frank 
discussion, considerable changes have 
been proposed, which, if adopted, could 
result in some major changes to the cur- 
ricula. The main thrusts of the review 
were to increase student numbers taking 
forestry courses, to strengthen ties with 
other f aculties and departments, and ration- 
alise and, if possible, reduce teaching con- 

tact hours of the staff. Proposals will be 
discussed with students and university 
personnel, with any agreed changes com- 
ing into effect in 1998. 

Lincoln University News 
Dr Don Mead and Dr Scott Chang spent 
five weeks in China visiting various Uni- 
versities and research centres. The trip was 
funded by the New ZealandIChina Travel 
Awards, host institutions in China and the 
Chinese Ministry of Forestry. During the 
trip contacts were made with researchers 
and teachers in forestry who have a par- 
ticular interest in silviculture, agroforestry, 
and forest ecology, and opportunities for 
future collaboration and student exchange 
were explored The visit included the Fujian 
Forestry College, the Chinese Academy of 
Forestry, the Beijing Forestsy University, 
the Forestry Academy of Sichuan and the 
Nanjing Forestry University. 
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