
Male surplus 
Because only female birds incubate the eggs, nest attacking 
leaves a surplus of male birds, which creates an imbalance and 
threatens further breeding. 

The yellowheads also incubate their eggs for about two 
weeks longer than other passerine or small perching birds, 
making them further vulnerable to predators when stoat num- 
bers reach their summer peak. 

The birds will also spend long periods feeding on, or close to 
the ground, which makes them conspicuous targets for preda- 
tors. 

But not just the stoat is responsible for the yellowhead 
decline. The late breeding and long periods of juvenile 
dependence means the adult yellowheads are still feeding their 
young when wasp numbers reach their peak in autumn. 
Changes in the forest structure through clearing river terraces, 
deer and possum browsing and an influx of exotic birds all add 
to the bird's vulnerability. 

It is this vulnerability which underlies the urgency for yel- 
lowhead management, stresses Lyall. 

In contrast to the yellowhead's bad luck story so far, the 
birds have a good potential for recovery with active manage- 
ment. Yellowheads lay up to four eggs at a time and are 
capable of raising two broods a year. 

Lyall recommends intensive and localised stoat trapping to 

minimise the damage to the yellowheads' rapidly declining 
population in the Landsborough Valley. 

Five years of intensive stoat trapping will give the birds a 
chance to increase in numbers, followed by only trapping 
during stoat eruption years. 

Stoat trapping in parts of the Landsborough will be carried 
out by DOC'S West Coast conservancy this coming spring. 

Nationally, a Yellowhead Recovery Group formed by the 
Department of Conservation recommends several other 
options for the bird alongside predator control programmes in 
key yellowhead populations. 

These are establishing captive holding, breeding and release 
programmes, placing yellowheads on predator-free islands as 
an insurance against their extinction on the mainland, and 
reducing the logging of Southland indigenous forest where 
vellowheads exist. 

Meanwhile, monitoring key population sites to determine 
trends and areas will provide a focus for future yellowhead 
management. With this sort of attention, the yellowheads' 
future is not exactly rosy but is developing a pink tinge in 
managed areas. The yellowhead is one of New Zealand's rarest 
forest birds which still exists in publicly-accessible forests. 

The yellowhead deserves the management other threatened 
birds are receiving, says Lyall. It is a unique bird, in a critical 
position and our forests will be all the poorer if it disappears. 

Slash retention a viable option 
to ensure sustained site productivity? 

J.M. Balneaves and W.J. ~ ~ c k '  

Abstract 
The impact of logging and site preparation on nutrient 
reserves on the planting site and the likely consequences 
of this on long-term site productivity are discussed. New 
material on the impact of logging and windrowing on site 
nutrients on the stony Lismore soils on the Canterbury 
Plains is presented. Harvesting the previous crop 
removed 5% of total N and 26% of available P from the 
site. Windrowing increased this loss to 40% and 62%, 
respectively. To avoid such losses, which will inevitably 
result in a marked decline in forestproductivity, as much 
slash as possible should be retained on site. Future 
research should concentrate on maintaining existing trials 
to determine long-term trends, critically evaluating log- 
ging practices, and developing appropriate site-prepara- 
tion tools to restore maximum productivity to the site 
while ensuring slash retention to achieve nutrient recyc- 
ling. 

Introduction 
Concern over the ability of many forest sites in New Zealand to 
sustain current levels of productivity over two or more rota- 
tions of radiata pine (pinus radiata) stemmed initially from 
studies that explored the influence of site-preparation prac- 
tices on long-term site productivity, as measured by tree 
response to treatment (e.g., Chavasse 1967,1969,1972,1981; 
Ballard 1978a, Adams 1978, Dyck et al. 1989). 
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Direct comparisons between first and later rotations have 
not been possible as changes in land preparation, weed con- 
trol, tending practices, and genetic improvement have usually 
improved forest productivity. However, such improvements 
have little, if anything, to do with the site-quality character- 
istics described by Dyck and Beets (1987) as fundamental to 
long-term site productivity: 

The nutrient reserves of the site. 
The amount of nutrients removed during harvesting. 
The type and intensity of post-logging site preparation oper- 
ations and their impact on soil nutrition and porosity. 
Studies over the past decade on the effect of windrowing and 

soil compaction on the growth of subsequent radiata pine crops 
have confirmed that some current forest-harvesting and site- 
preparation practices can reduce site quality (Dyck et al, 1989, 
Balneaves 1990). Substantial losses of soil organic matter and 
nutrient reserves, loss of top soil, and reduced access by roots 
to the soil because of compaction all contribute to a decline in 
site quality (Skinner et al. 1989). 

Improved technology may be able to replace lost nutrients, 
reduce compaction and weed competition, and enhance 
growth and yield on sites where productive capacity has been 
reduced, but if economic or environmental considerations 
restrict the use of appropriate technologies in the future, 
forests yields will decline on degraded sites. For example, fer- 
tiliser use can replace nutrients, at least temporarily, but will 
not necessarily result in the replacement of soil organicmatter, 
which plays an important role in soil fertility, moisture, struc- 
ture, aeration, and erosion resistance. 

The forest industry in New Zealand must increasingly 
depend on and respect the natural mechanisms that sustain site 
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quality and productivity, and utilise biological mechanisms for 
the achievement of management goals wherever possible 
(e.g., use of N-fixing plant species where appropriate; and use 
of domestic animals for weed control). Economics will cer- 
tainly influence the management techniques used, but the 
choice must also be conditioned by considerations of the 
sustainability of long-term site quality and productivity. 

This paper summarises earlier studies on the impact of log- 
ging and site preparation on long-term site productivity, and 
presents new information for forests on the stony Lismore soils 
of the Canterbury Plains. 

Evidence of Productivity Decline 
Many comments have been made over the years about the 
impact of windrowing operations on topsoil removal and its 
potential for productivity decline (e.g., Chavasse 1967, 1969, 
1972, 1981), and the earliest evidence of nitrogen deficiency 
and decreased growth in second-rotation radiata pine forest 
was reported by Stone and Will (1965) for young, second- 
growth stands on gravelly soils near Nelson. Subsequent stu- 
dies suggested that this deficiency may be confined to the first 
five to eight years of the second rotation (Whyte 1973) and that 
growth can be restored by the use of NPK fertiliser. 

Early studies of nutrient removal in harvested stem biomass 
revealed that relatively small amounts of nutrients are 
removed compared to the nutrient reserves on most sites 
(Webber and Madgwick 1983). In contrast, burning and win- 
drowing can remove substantially more nutrients (Webber 
1978; Balneaves et a1 in press; Balneaves et al. 1991). As early 
as 1987, windrowing was shown to cause 40% reduction in tree 
growth over 66% of the area in a seven-year-old radiata pine 
plantation on pumice soils (Ballard 1978a, b). This reduction 
was believed to stem from declines in soil fertility, but other 
factors such as soil compaction could not be ruled out. By the 
time the stand was 17 years old, tree volume in the inter-win- 
drowed areas was only 43% of the tree volume in an adjacent 
unwindrowed area. Foliar N, Mg, and B levels were shown to 
be marginal for growth (Dyck and Beets 1987; Dyck et al. 
1989). 

1n the Nelson region the potential for long-term productivity 
decline may be greater where root-raking and, to a slightly 
lesser degree, broadcast burning have removed above-ground 
organic matter and some topso%, as soil-nutrient levels were 
reduced when compared to a logged but otherwise untreated 
site (Balneaves et al. 1991). Early tree nutrition has also been 
adversely affected as foliar concentrations of N, P, and B fell 
below critical levels on sites that had been broadcast-burnt or 
root-raked, and were continuing to decline after three and a 
half years, even on the slash-retention site. 

On the Canterbury Plains, windrowing can displace up to 
2500 kg of N from the scalped areas into the windrow heaps 
(Adams 1978). More recently Balneaves (1990) noted that 
plantation productivity was enhanced where logging slash, 
litter, and topsoil were left in situ or where disturbance was 
minimal, such as that caused by careful line-blading. Diffe- 
rences in total volumelhectare between site-preparation 

Table 1. Estimates of dry matter and nutrient distribution (kg/ 
ha) in the stand before logging 

Dry matterha Nutrient Content (kglha) 
(t) N P K Ca Mg B 

Stemwood+bark 143 189 26 200 184 70 0.6 
Branch wood 10.6 55 5 38 35 11 0.1 
Twigsand foliage 10.3 145 12 70 36 12 0.2 
Litter 45.9 653 35 142 282 92 0.6 

Total 209.8 1042 78 450 537 185 1.5 

Old root-raking practices in the Nelson region. (On this forest this 
operation has ceased in favour of slash retention.) 

options were significant by the time the stand was nine years 
old. As the stand age increased to 13 years, differences in total 
volume decreased to a level where they were not significant for 
the windrowed and broadcast-burnt sites, but line-blading and 
slash retention maintained improved growth relative to 
windrowing (Balneaves, unpubl. data). 

Other gains can be made from practising slash retention. 
Windrowing or root-raking costs (in the order of $400-$700/ha, 
depending on soil type, topography, volume of slash, and the 
need to remove stumps) are some two times those of crushing 
and herbicide application. The retention on site of organic 
matter that will decompose and release nutrients for the 
benefit of the new crop, and on some sites assist in retaining 
soil moisture over a longer period in the spring and early 
summer, should result in maintained (and on some sites 
enhanced) site quality and increased crop productivity. 

Impact of Site Management 
At Golden Downs Forest and Baigent Forest (Nelson) a deci- 
sion to stop root-raking was made three to four years ago in 
favour of slash retention to: 

Reduct cost inputs into site preparation. 
Capture the resultant improved nutrient status of the site 
through increased forest productivity. 
Irrespective of logging systems, slash retention was prac- 

tised on 95% of the sites available for replanting after logging 
in 1989 and 1990. However, an application of herbicide was 
needed to control emerging gorse, bracken, and radiata pine 
regeneration on most sites. Good-quality planting was 
achieved by hand, using spades. Although planting costs may 
be higher on some sites, these can be minimised by using top 
gene& lines and planting only 600 slha. 

In other areas of New Zealand skidder or tractor-logged 
sites pose a more serious problem as forest managers have to 
deal with heavy loadings of slash, assuming "log-only" removal 
from the site and soil compaction caused by movement of 
machinery over the site. For example, Firth and Murphy 
(1989) noted a 33% decline in volume productivity of the next 
crop of radiata pine at age seven and a half years planted on 
skid trails, which covered at least 50% of a logged area in 
Tairua Forest. Trial work by Skinner et al. (1989) in Mara- 
marua Forest showed that topsoil removal and compaction 
could result in an 80% decline in volume productivity of the 
next crop of radiata pine at age four years from planting. 

Tightening up of logging practices is needed to ensure 
minimal movement of extraction machinery over the site. It is 

- -- - 
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our view that in some regions a change from ground-extraction 
methods to some form of cable system is preferable, especially 
during wet seasons (generally winter) or where heavy clay soils 
remain wet all year round. Although costs/cubic metre of 
timber extracted may be higher using a cable system (Murphy 
1979), this may be offset by maintenance of site quality and 
greater productivity of the subsequent crop. 

Alternatively, ameliorative practice needs to be evaluated 
and developed to alleviate soil compaction and minimise slash 
displacement to ensure maintenance, or enhancement, of site 
quality. 

New Site Productivity Research in Canterbury 
As part of the Forest Research Institute's sustainable forestry 
programme, impact of logging intensity is being assessed on a 
seven hectare block of mature radiata pine grown in mixture 
with Eucalyptus and Acacia on stony Lismore silt-loam, Can- 
terbury (Selwyn Plantation Board). In December 1989 to 
February 1990, the block was clearfelled in readiness for 
establishment of the fourth rotation of a managed plantation 
forest. 

Before logging the block was divided into 16 plots (60 x 
30m). All trees were measured for dbh and height, and the 
litter was sampled to gain estimates of dry matter weightlha 
and nutrient content values. The stand contained 940 stemslha 
with a mean height of 18 m and a total basal area of 49m2. 
Using Madgwick's (1985) formula, it was estimated that the 
stand contained 143 t of stemwood and barklha (Table 1. The 
tree crop contained 389 kglha of nitrogen, 43 kglha of pho- 
sphorus, and 308 kglha of potassium. The litter layer contained 
significant quantities of nutrients; 653 kg, 35kg, and 142 kglha 
of N, P, and K respectively. 

Soil pits were dug to a depth of 50cm and soil weight and 
volume were recorded. Soils were analysed for total N, and 
available P, K, Ca, Mg. Additional soil cores to a depth of 
20cm were collected from each plot to add to the pool of data 
on nutrient content of the upper soil horizon (Table 2). 

Eight plots were whole-tree harvested and the rest were 
"log-only" harvested. Thirty-six smaller plots (10 x 10m) 
received more intensive treatments that involved removal of 
residual logging slash, litter, and (in some plots) topsoil to a 
depth of 10cm to represent windrowing. During logging, 
ground-based extraction machinery was confined to a 15 m 
buffer zone between plots. 

After logging the quantity of logging slash left behind after 
whole-tree harvesting, and after "log-only" harvesting was 
assessed on diagonal transects traversing each plot. At 4 m 
intervals a 1 x 1 m plot was outlined, and all logging residue was 
removed and partitioned into three components; stem wood, 
branches and cones, and fine twigs and needles. Fresh weights 
were measured, then samples for each plot were bulked, and 

Table 2. Mean estimates of soil weight (tlha) and total N and 
available P, K, Ca, Mg (kglha) in the soil profile (0-50 cm) at 
harvesting and after windrowing 

Treatment 

Before logging After windrowing 
Soil tlha Total Available tlha Total Available 
depth <2mm N P K Ca Mg <2mm N P K Ca Mg 
(cm) 

Total 5449 4369 63 441 1885 668 4547 3287 53 349 1452 546 

A windrowed site -second rotation crop at age 10 years. Note the vig- 
orous trees adjacent to the windrow pile on right compared to the light 
crowned stems in the scalped area (centre left of picture) - Canterbnry 
Plains. 

sub-samples were taken for determining day weights and 
nutrient content for each of the three components. 

Estimates of N depletion caused by logging were 3% for log- 
only removal, 6% for whole-tree harvesting, and a massive 
40% on the windrowed site (Table 3). The impact of windrow- 
ing on P and K levels was even more severe and gives cause for 
concern. Log only removal reduced by 15%, whole-tree harve- 
sting by 26%, and the combination of harvesting and windro- 
wing by 62%. Similar trends were measured for K, but the 
input on Ca and Mg were not as severe, as approximately 40% 
were removed by harvesting and windrowing. 

On the windrowed site, soil pits were dug and soil cores were 
collected after windrowing to determine soil nutrient levels for 
comparison with the less disturbed sites. The action of stum- 
ping and general disturbance by the crawler tractor as it win- 
drowed the residual slash and litter layer not only caused soil 
displacement but also aerated the upper 20 cm soil layer, so 
that the bulk density was reduced from 1.1 glcc to 0.6 glcc, 
which consequently further reduced recovery of nutrients 
(Tables 2 and 3). 

Conclusions 
Sufficient evidence is now available to confirm losses of site 
productivity that are related to forest-management practices. 
There is now a need to examine far more critically the impact 
harvesting practices have on site quality, to explore alternative 
options to reduce such negative impacts, and to develop appro- 
priate site preparation tools to restore maximum productivity 
to the site. 

Although there is still a need to assess the effects of intensive 
harvesting on the nutrient capital of a site, future studies 
should concentrate more on the effects of harvesting, site prep- 
aration, and tending practices on rates of supply of available 
forms of nutrients and how these relate to tree requirements. 

There is sufficient evidence to support the need to develop 
suitable equipment that will allow the forest manager to cap- 
ture the full potential of a site and avoid soil degradation and 
associated reduced yields. 

Table 3. Estimates of nutrients (stand and soil profile) remain- 
ing on site after logging and windrowing (kglha) 

Total Available 
Treatment N P K Ca Mg 

Beforeharvesting 5411 141 891 2422 853 
Log-onlyharvest 5258 119 729 2274 798 
Whole-tree harvest 5045 104 624 2196 770 
Whole tree + windrow 3287 53 349 1452 546 

-- 
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Stiff competition for Queensland from Balclutha 
Vivienne Paterson 

A Balclutha joinery business is deadly 
serious about an unusual export order it 
has secured - sending up to 1200 coffins 
a month to  Brisbane. 

The owner of Mitchells Joinery, Mr  
Colin Mitchell hopes to  take on .eight 
more staff as a result. 

The first batch of 1000 coffins would 
leave New Zealand on  May 10, Mr  
Mitchell said. 

He expected to  supply a regular order 
to  the Brisbane market of between 1000 
and 1200 coffins a month. 

Mr  Mitchell has employed three extra 
people to  help cope with the Australian 
demand. A s  the market grew, and he 
believed it would, he  would look at  set- 
ting up  a second shift employing a 
further five pepole, he said. 

The order has also resulted in a 
$150,000 investment in new equipment 
for the company, including a computer- 
ised machining centre, which was pro- 
grammed to cut the patterns for the cof- 
fins. It  also extended the range of kit- 
chen and other joinery components the 
firm could handle. 

Mr Mitchell worked for a local under- 
taker before starting out on his own 
account about 10 years ago. He said that 
with his experience, coffin making was a 
natural extension to his joinery work. 

H e  has been supplying caskets to  
Otago, Southland and Canterbury for 
the past 10 years. 

He secured the Brisbane order after 
travelling t o  Australia recently, taking 
samples of his coffins. H e  was confident 

of winning more work in the Australian 
market. 

The value of the New Zealand dollar 
makes the purchase of coffins from this 
country attractive to  the Australians, he 
said. But several other factors would 
protect his order if the dollar moved. 

"We are using solid pine. The pine in 
Australia is not suitable. We have a 
ready resource here and can make up- 
market coffins for a reasonable price. 

"We have also been helped by the 
green movement. The foil-board caskets 
made in Australia d o  not comply with 
cremation regulations under the Austra- 
lian Clean Air Act which is being rig- 
orously enforced. 

"Our coffins d o  comply, so that works 
in our favour." 
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