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Management of radiata pine using selective 
harvesting and natural regeneration
John Wardle

Alternative harvesting regimes for radiata pine

There has been a certain amount of interest recently 
in alternative harvesting regimes for radiata pine, 
partly in response to problems with the movement 
of logging debris following heavy rain in hill country 
after clearfelling operations, and partly due to certain 
advantages related to the retention of carbon credits. 
Recently two Farm Forestry branches in the lower 
North Island have received grants from the Sustainable 
Farming Fund to investigate alternative harvesting 
systems for radiata pine. 

My wife and I acquired a 120 ha property in the 
Canterbury foothills 45 years ago. Most of the property 
was in second-growth beech forest, but about 28 ha 
which was in low-grade pasture and weed species 
such as gorse was available for the establishment of 
radiata pine plantations. Planting of radiata pine 
commenced in 1973 and continued until 1992. Most 
of the plantings were established using funds from the 
Forestry Encouragement Scheme, and all stands were 
subjected to normal thinning and pruning regimes.

The plantings were on hill country with variable 
site quality resulting in some trees in a particular age 
category growing at double the rate of others. As a 
consequence we decided to move away from clearfelling 
at a specific age, which was the accepted practice for 
radiata pine plantations, to selective harvesting based 
on individual tree size. This would result in harvesting 
of any block being spread over a number of years.

The criterion adopted for harvest was a target 
diameter of 600 mm diameter at breast height over bark 
(DBHOB). We considered that this would give us the 
maximum individual tree value, but still be within an 
acceptable size for conversion by most sawmills. 

We also decided that each stand would be revisited 
for harvest, using this criterion, every second year. We 
felt that the reduced volumes removed if harvesting was 
carried out annually could make the operation non-
viable. Alternatively, increasing the interval beyond 
two years, with the consequent increase in trees being 
removed at each visit, may subject the stand to an 
unacceptable level of vulnerability to wind.

Unconventional approach to harvesting
We were initially apprehensive in adopting such an 

unconventional approach to harvesting for a number 
of reasons:

• We were not sure what the growth response within 
the residual stand would be to the removal of the 

dominant stand trees, in what was effectively a 
series of late thinnings. The generally held view was 
that the response at this stage of stand development 
could be minimal

• We were not sure how progressive late thinnings of 
the dominant trees would affect the stability of the 
stand to wind damage

• We did not know whether we could selectively 
harvest trees from the stand without causing 
unacceptable logging damage to the retained trees

• We did not know whether the system we were 
adopting would be economically viable

• We did not know whether progressive thinning and 
canopy reduction would lead to stand perpetuation 
through natural regeneration and what the quality 
and growth of that natural regeneration would be.

Our first harvest was carried out in 2002 when 
some of the trees in our oldest stands had reached the 
600 mm target diameter. These oldest stands (planted in 
1973, 1974 and 1975) occupy an area of 5.66 ha. At the 
time of the first harvest the average breast height tree 
diameter was about 420 mm, but with an approximate 
range of size from 300 mm to just over 600 mm, and 
there was a stocking rate of something over 350 stems/
ha. The variation in tree size at this stocking is indicative 
of the wide range of site quality.

These stands have now been revisited for harvest 
eight times over the last 16 years. This has provided us 
with sufficient information to assess the pros and cons 
of the system we have adopted and to speculate on its 
limitations.

Growth rate

What was quite spectacular was the rapid response 
in the growth rate of residual standing trees once the 
competition from neighbouring dominant trees had 
been removed, and this was apparent even in sub-
dominants. This response has been verified by the 
measurement of a limited number of growth plots by 
Chris Perry, a final year student at the School of Forestry.

Growth into the harvest target diameter class has 
been amazingly regular. Altogether, about 200 stems/ha 
have been harvested from these planting blocks over 
the 16 years and of these 165 had reached the target 
diameter. The rest resulted from salvage, most of which 
was associated with the 2013 Canterbury gales. 

Following the first two harvests the number of 
trees growing into the target diameter class has been 
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fairly constant, averaging 13 stems/ha/year, with a 
range from 10 to 16. Something over 100 stems/ha 
remain standing, and at the present harvesting rate all 
the original planting will have been harvested within 
another eight years. This makes the total period over 
which harvesting has taken place about 24 years, with 
tree age ranging from 29 to 53 years.

The ability to harvest an even-aged crop over such 
an extended period using target harvest diameter criteria 
has only been achievable because of the large variation 
in growth rates between stems. It is unlikely that the 
same could be accomplished if site quality throughout 
a stand was consistent, especially if there was limited 
genetic variability within the crop. It would then only 
be possible if initial plantings were established over a 
prolonged time period.

Thinning and harvesting

It is difficult to assess the effect of progressive 
thinning of the dominant trees on stand stability 

since the vulnerability of the stand is in part related 
to the site. Most of the damage which occurred with 
the 2013 gales was on shallow soils located on rocky 
ridges, and on the deep moist soils of the lower slopes. 
Taking this into account, it appeared that vulnerability 
to damage was no greater and possibly less than that 
which occurred elsewhere. 

Part of the reason may have been that the trees 
in the harvested area had narrow crowns as a result 
of silvicultural history, and therefore there was a 
relatively small ‘sail’ effect, but part was related to 
the response in the root zone of the retained trees 
following the removal of neighbouring dominants. 
It was the subject of comment by the logging crews 
who harvested the windthrow using diggers that the 
roots of the wind-toppled trees were relatively large 
and difficult to move compared with their experience 
elsewhere.

We have used various combinations of machines 
for harvesting these planting blocks and are therefore 

Figure 1: Woodside Forest aerial map showing boundaries, land use and roading network. Source: Landcare Research Contract 
ReportLC001/01 – Drawn by ‘Tomorrow’s Forests, Nelson’
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able to assess the pros and cons of each as far as stand 
damage is concerned:

• In the earlier harvests logging was carried out using 
small rubber-tyred skidders equipped with winch 
ropes

• Then for a couple of harvests, including the one 
associated with the removal of trees flattened by 
the 2013 Canterbury storms, a digger was the main 
machine

• Subsequently, in our most recent harvests a 30 ton 
harvester was added to the mixture.

Damage

Damage to the bark of standing trees during 
extraction was similar, and at acceptable levels for all 
three options, and depended largely on the skill of the 
operator. Hauling full-length trees around corners using 
a skidder resulted in more lower trunk bark damage 
to standing trees than digger-related operations, as 
greater control with both diggers and harvesters could 
be exercised when felling and moving logs. However, 
damage using a skidder with ropes could be minimised 
provided stems were cut into not more than two log 
lengths before hauling.

The main differences between the options relate 
to soil disturbance and damage to regenerating pines. 
Digger and harvester options require that machines 
operate close to trees being felled, whereas this is not 
necessary with a skidder using winch and ropes. 

Consequently, there is much more machinery 
movement in the former case and consequently 
increased soil disturbance and damage to regenerating 
pine. This is exacerbated by cleats from the tracks and 
the damage becomes increasingly pronounced, often to 
an unacceptable level if harvesting is being carried out 
on steep slopes or under wet conditions. The biggest 
advantage for selection logging that the harvester 
provides is on the skid site, as mechanical trimming and 
log-making is much more efficient and cost-effective 
than the alternative manual option used in the skidder 
and digger harvesting.

Logging costs

Selective harvesting is an expensive operation and, 
as would be expected, logging costs tend to be greater 
than for clearfelling on similar country. However, to 
some extent this is compensated for by the larger piece 
size and higher log quality extracted. In our operation, 
the volume of merchantable wood in trees being 
harvested is over 3 m3 and therefore much larger than 
for most clearfelling operations.

It is hard to compare the costs and returns from 
our harvesting operations with costs and returns from 
an equivalent clearfelling operation on similar land for 
a number of reasons. My own input in marking trees 
for extraction and a certain amount of time helping 
on the skids has not been accounted for. Also, we 
had a reasonably intensive roading system already 
established, and positioning charges for machinery 
were ignored since it was so variable from year to year. 

Damage to soil and pine saplings resulting from the use of a harvester operating under wet conditions
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Likewise, the relative cost of the different 
combinations of machinery used in harvesting has 
been difficult to assess due to changing fuel and labour 
costs over time. Overall: 

• The average direct cost of harvesting over the 16 
years has been $33.33/m3 and the average net 
return $47.41/m3

• The cost when a skidder with winch alone was used 
was $28.45/m3, whereas the digger operation was 
$43.50/m3 and the harvester $40.56/m3

• Site and weather conditions at time of harvesting 
can make a large difference. In one year the 
harvester operation cost $37.76/m3, whereas in the 
following year when conditions during logging 
were unusually wet it was $49.30/m3.

Wood quality and log grade assessments
Wood value, because of the average tree size and 

therefore log size being harvested, is probably better 
than for an equivalent clearfelling operation. Also, the 
pruned butt logs are on average larger and therefore have 
a higher percentage of clear wood. Wood quality may 
also be improved since the average age of the harvested 
tree is greater and this leads to higher wood densities. 

Harvesting in 2016 gives a fairly typical assessment 
of the log grades extracted. In that year, the percentage 
by volume for each grade was: 

• P1 – 46.7%

• S30 – 33.3%

• Export A grade – 10.0%

• K – 5.8%

• KI – 1.3% and chip – 2.9%.

Regeneration
Successful regeneration of radiata pine took place 

soon after the first parent trees had been harvested, but 
it was not until stand densities had been reduced by 
about 20% that it occurred in quantity.

The density and quality of the naturally regenerating 
seedlings once the stands have been opened up to this 
level have generally been adequate, with seedlings 
showing good growth rates even when in close proximity 
of the trunks of the original stand. This indicates that 
competition for nutrients and water has not necessarily 
been a major limiting factor for regeneration success, but 
rather the side light reaching the forest floor.

However, natural regeneration has by no means 
been universal on all sites. Adequate regeneration is 
virtually guaranteed on warm faces, ridges and shallow 
soils. However, competition from rank herbaceous 
growth, ferns and regeneration of woody species has 
limited success on the deeper soils, gullies and cooler 
faces, to the extent that about 20–30% of all sites 
may need some enrichment planting. There is an 
indication that regeneration success on these sites may 

be improved by scrub cutting weed understorey species 
and the judicious grazing by sheep.

Weed control

Many of the original plantings were carried out on land 
where gorse and blackberry were well established. Ground 
conditions created by the successive harvestings of the 
overstorey, as well as leading to the natural regeneration 
of radiata pine, has also led to the germination and growth 
of gorse from seed stored in the soil, and to blackberry 
becoming established in moister areas. 

Consequently, an aggressive programme for the 
control of these weeds by spraying has been necessary to 
retain the stands of young pines in a manageable state. 
Manual spraying, in contrast to aerial or other broadcast 
operations, is the only feasible option to avoid damage 
to existing pine regeneration and retained overstorey 
trees, and this is a labour-intensive and therefore costly 
operation.

Overall success

Overall, the management of our pine plantations 
using a selective harvesting regime has been a success 
from both production and environmental standpoints. 
We receive a reliable annual income from our plantations 
and that should continue into the future. We do not 
have the problem of run-off following harvest, even 
after heavy rain, and we do not have to surrender our 
carbon credits because a forest canopy is retained. 

Also, average annual merchantable wood volumes 
available for harvest should ultimately be enhanced 
since stocking rates can be higher. They are not 
controlled to the same extent by competition at the end 
of a rotation from final crop trees as they are in fully 
stocked even-aged stands. However, the success depends 
on a number of variables such as site variability, the 
competence of the contractors, weather conditions at 
time of harvest, topography and the roading network. 
To a large extent it also depends on the aspirations of 
the forest owners – whether they wish for a lump sum 
at the end of a rotation or if they want to spread their 
income over a number of years.

Certainly, from experience, we would not advocate 
this system for general adoption but it does have 
application for certain limited situations. What it does 
show is that there are other alternatives to the normally 
accepted clearfelling operations usually practised with 
radiata pine.

Acknowledgements

Thanks to Mark Bloomberg for his continued 
interest in the operation, and Leith Christie of Forest 
Management for organising contractors and markets.

John Wardle is a Farm Forester and Foundation Fellow 
NZIF. Email: wardlejr@xtra.co.nz.

28 NZ Journal of Forestry, February 2019, Vol. 63, No. 4 


