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ABSTRACT 
An analysis o f f v e  years' growth in two factorial experiments is 
described. Three factors were included: cultivation, fertilisation, 
and weed control. 

Cultivation significantly improved both height and diameter 
growth, and treatments involving discs had higher rates of sur- 
vival and faster growing trees than those involving only a ripper. 
Cultivation also significantly improved crop uniformity. Results 
suggested that drainage of the topsoil was the most important 
improvement brought about by cultivation. 

Weed control improved height growth by 0.3 m. 
Fertilisation without weed control decreased survival by 10%. 
Weed control increased the incidence of multiboling from 

18% to 30%. 
Plantation managers are advised to consider cultivation with 

ripper tines and discs followed by spot weed control as site ame- 
lioration treatments on Yellow-Brown Earths in Southland and 
Otago. 
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INTRODUCTION 
Forest Managers can adopt one of a number of altemative site 
preparation strategies when they are establishing plantations. The 
effects of these strategies on crop survival and growth vary from 
site to site for reasons that are not always clear, and empirical 
experiments are still the usual way of determining how benefi- 
cial altemative strategies might be. Generally, strategies involve 
combinations of options for land clearing, weed control, fertili- 
sation, and soil cultivation (Mason 1992). 

Cultivation with winged ripper tines followed by discs has 
been employed in New Zealand forest plantations since the mid 
1970s (Page 1978). The equipment used varies considerably, with 
no discs employed, only two or four discs, or sometimes six discs 
followed by a compacting roller (Cullen & Mason 1981). It is 
clear that the type of equipment employed can have a dramatic 
effect on the response to cultivation on some sites (Mason et al. 
1988). 

In order to provide forest managers with adequate informa- 
tion to allow them to select cultivation techniques on a range of 
sites, a cultivation rig was built which could cultivate in a vari- 
ety of ways. A series of experiments were established with the 
rig on sites around New Zealand. Where possible complete fac- 
torial experiments were established, employing levels of fertili- 
sation and weed control as well as cultivation. This type of design 
allows an examination of all combinations of treatments. 

The experiments described here were located at Benvick For- 
est and Glendhu Forest on upland Yellow-Brown Earth soils. 
Yellow-Brown Earths are common in Southland, and are typi- 
cally the soils where plantations have been established in the 
region. The topsoils are wet and puggy, while the lower layer9 
have more large pores, and hold less water. Soil penetration resis- 
tance is below 3 megapascals to a depth of about 35 cm. Beyond 
this level of resistance, pine roots will either stop growing, or be 
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diverted (Mason & Cullen 1986). The resistance to penetration 
of yellow-brown earths probably increases as soil moisture 
decreases. The soil was reasonably wet when measurements of 
penetration resistance were taken. 

METHOD 
Berwick 
An experiment was established on rolling, tussock-covered land, 
at an altitude of 500 metres above sea level. Cultivation treat- 
ments were established with contractors' and New Zealand For- 
est Service machinery, and included the following cultivation 
techniques: 
1. Rip, 6 discs (bed), and roll with an hourglass shaped roller. 
2. Removal of tussock and surface soil with a bulldozer blade, 

followed by ripping. 
3. Bed only. 
4. Rip only. 
5. Blade only. 
6. Control (no cultivation). 

These treatments were arranged in three randomised complete 
blocks. 

Cultivated plots were 60 metres long, and contained four 
planting rows at 3 metre centres. Within rows 110 radiata pine 
seedlings were planted at 1.8 metre spacing in September 1977. 

Each plot was split into four subplots, and two diagonally 
opposite portions were sprayed with Velpar(R) at a rate equiva- 
lent to three kghectare 10 days after planting. 

At age five the height of each tree in blocks one and two were 
measured, and the numbers of buttswept, toppled, or socketed 
trees per plot were recorded. By this age it was clear that block 
three was unrepresentative of the surrounding plantation due to 
excessively poor drainage. 

During 1984, the experiment suffered considerably from snow 
damage, with many broken tops, and a thinning was carried out 
which reduced stocking to 200 stems per hectare. The heights 
and diameters of the remaining stems were measured. 

The data were subjected to analysis of variance, and general 
contrasts were employed to examine the main effects of ripping, 
discing, and blading on growth, as well as the effect of weed con- 
trol and weed control x cultivation interactions. 

Glendhu 
A second experiment was established in Glendhu Forest during 
the winter of 1983 at an altitude of 490 m.a.s.1.. The site had 
rolling topography, yellow brown earth soil, and native tussock 
was the principal ground cover. An attempt was made to bum the 
ground cover, but the climate was too moist at the time, and bum- 
ing had little impact on the tussock sods. Cultivation was per- 
formed with the experimental cultivation rig and included the 
following: 
1. Control (C). 
2. Ripping (R). 
3. Rippinglflat roller (RR). 
4. Ripping12 inverted discs (Pulling the topsoil in over the rip) 

(R2). 
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5. Ripping14 inverted discs (R4). 
6. Ripping16 inverted discs (R6). 
7. Ripping12 inverted discskour glass roller (R2R). 
8. Ripping14 inverted discshour glass roller (R4R). 
9. Ripping16 inverted discshour glass roller (R6R). 

These treatments were applied in 80 metre long plots within 
five randomised complete blocks. Each plot contained three rows 
at three metre centres. 

During cultivation with discs, long lengths of sod were turned 
over by the machine, and the earth did not appear to fracture as 
in other soils where similar treatments had been employed. 

Each line was planted with 110 stock from Edendale Nursery 
that had been lifted and trimmed in bundles of ten and transported 
in cardboard boxes. Spacing within lines was 2 metres. The ini- 
tial height and diameter (5 cm above ground level) of each tree 
in the centre line of each plot was recorded. The two outer lines 
were employed as buffer lines. 

The 80 metre plots were then divided into four subplots with 
random treatments of weed control (two kg of Velpar(R)kectare 
applied manually) and fertiliser (Appendix 1) in a factorial 
design. 

The survival, height, and basal diameter were re-assessed after 
the second, third and, excepting basal diameter, the fourth and 
fifth years. Diameter at breast height was measured after year 
four. By the end of the third year, significant amounts of toppling 
had occurred. The stem condition of each tree was recorded after 
the third and fourth and fifth years. 

In addition, where trees exhibited "multiboling", this was 
recorded, and the largest stem was measured. Multiboled trees 
appeared to have several stems competing with one another. 
Excavation showed that the competing stems emerged from the 
main bole below ground. 

Analysis of variance was employed, with general contrasts 
to determine the significance of the effects of rolling, discing, and 
ripping. Measurements resulting in proportions were adjusted to 
normality using an arcsin(square root) transformation. 

RESULTS 
Berwick 
Survival 
Cultivation significantly (P<0.006) improved survival as mea- 
sured at age five (Figure l) and treatments fell into three signif- 
icantly (P <0.05) different groups. In order of decreasing survival 
thesewere: cultivation that included blading, other cultivation 
treatments, and the control treatment. 

Weed control improved survival by 9% (P<0.002), and the 
interaction between weed control and cultivation was not signif- 
icant. 

Berwick Establishment Expt 
Survival vs Cultivation 

Cultivation treatment 

Figure 1 - Survival of trees measured at age five vs cultivation at 
Berwick. 

Growth 
Cultivation significantly (P<0.001) increased height as measured 
at age five (Figures 2 and 3). All cultivation treatments were sig- 
nificantly different from the control treatment. Blading, bedding, 
and ripping each had a positive effect on growth when included 
in any given treatment (P<0.005). 

Weed control had improved growth by 0.29 metres at the end 
of five years, and did not significantly interact with cultivation. 

Crop uniformity was markedly improved by cultivation, espe- 
cially blading, and weed control (Figure 4). 

The height difference between the control and the best culti- 
vation treatment (blading and ripping) had increased from 0.7 m 
at age five years to 1.3 m at age seven years. 

Berwick Establishment Expt 
Height at yr 5 vs Cultivation 
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Figure 2 - Height at age five vs cultivation at Berwick. 

Toppling and socketing 
The proportions of trees socketed andor toppled by age five was 
significantly affected by cultivation (P<0.02). 8% of trees in the 
control plots were affected versus 15% in the ripped only plots. 
The other cultivation treatments had 26% of trees affected. 
Although the effect within the control treatment was significant- 
ly different from the other cultivation treatments, it did not dif- 
fer significantly from the ripped treatment. 

Glendhu 
Survival 
Average survival for the control treatment was 89%, for the two 
ripped treatments 90%, whilst the ripped and disced treatments 
averaged 95%. Virtually all mortality occurred prior to the mea- 
surement at age two. 

When fertiliser was applied without weed control, survival 
averaged 86%, while the other three treatments defined by the 
weed control x fertiliser interaction had a mean survival of 95%. 

Growth 
Average height after year five was 3.6 m and the average diam- 
eter at breast height was 6.4 cm. 

Figures 5-8 show the growth in height and diameter during 
the first five years. There was a continuing divergence in growth 
between the best and worst treatments. Growth in the control 
plots was far more variable.than in the cultivated plots, as shown 
by an analysis of coefficient of variation (Figure 9). 

Ripping and discing resulted in a greater improvement than 
simply ripping. The main effect of using discs was statistically 
significant for both height and diameter (P<0.002). Those treat- 
ments with discs averaged 3.8 m in height and 6.8 cm in diame- 
ter, while the ripped only treatments averaged 3.4 m and 5.7 cm 
respectively. 
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Figure 3 - The trees on the left were growing in bladed and ripped soil, while those on the right grew in uncultivated soil. 
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Figure 4 - Variation in height at  age five vs cultivation at  Berwick. 

Glendhu Establishment Expt 
Height vs cultivation to yr 5 

Figure 5 - Height growth vs cultivation during the first five years at  
Glendhu. 

Glendhu Establishment Expt 
Diameter vs cultivation to yr 5 
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Figure 6 - Root collar diameter and diameter at  breast height growth 
during the first five years at  Glendhu. 

Figure 7 - Ripped and bedded (left) and uncultivated (right) treatments 
at Glendhu. 

Figure 8 - Trees in the three uncultivated lines (left of centre) are visi- 
bly smaller in this general view of a block in the Glendhu experiment. 

Glendhu Establishment Expt 
Variation vs cultivation at yr 5 

0.30 r 

Cultivation treatment 

HT COV DBH COV 

Figure 9 - Variation in height and diameter vs cultivation at  Glendhu. 
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suggests that they were more a function of tree size than of soil 
strength or root development at Glendhu. At Benvick, reductions 
in soil strength caused by cultivation may have been a factor. 

Multiboling 
Multiboling occurred more frequently in the Glendhu experiment 
than in any other experiment the authors have measured in New 
Zealand. Comments by Dennys Guild (pers. comm.) suggest that 
the problem is widespread in Southland. 

The growth of the largest stem within multiboled trees was 
significantly less than that of normal trees, and with average 
diameters reduced by 9 mm. Some multiboled trees may never 
contribute much to the crop, even if the other boles were cut out 
at age three or four. It may be that, in the course of normal oper- 
ations, a salvage operation should be implemented by age two 
at the latest. 

The results have also provided a few hints about the process 
of multiboling. Weed control and fertilisation significantly 
increased the frequency of multiboles. Since adding fertiliser 
stimulates weed growth, it appears that thick weeds around the 
base of a tree can suppress the development of multiboles. 

It has been suggested (M. Menzies pers. comm.) that multi- 
boling might be a result of branches on young seedlings being 
buried at the time of planting. However, there were few, if any, 
small branches present on the seedlings planted in the Glendhu 
experiment, and it would appear that many of them were initiat- 
ed after planting. 

Future research should concentrate on identifying at planting 
time characteristics of seedlings which subsequently develop 
multiboles, environmental conditions which may encourage the 
phenomenon, and aspects of planting practice such as planting 
depth which may influence multiboling frequency. 

Implications of these results for managers 
The very low survival in the control treatment at Benvick com- 
pared to the cultivation treatments indicates that the risk of mor- 
tality after planting might be greatly lessened by cultivation on 
some sites. There was also an improvement in survival due to 
cultivation at Glendhu, albeit considerably smaller. The differ- 
ence in survival between sites might have been expected, given 
the extreme variation in survival observed in analyses of large 
numbers of site preparation experiments (Mason 1992). The best 
that can be said on the basis of these results is that managers 
should expect some improvement in survival, and the expected 
improvement may be between 5 and 30%. 

The risk of toppling may have been increased by cultivation 
at Berwick, but not when tree size was taken into account at 
Glendhu. Mason (1985, 1992) reported inconsistent effects of 
cultivation on toppling, and suggested that toppling may be 
increased by cultivation where planting is poor, but decreased by 
ripping where compact soils would otherwise limit vertical root 
development. Concern about toppling should not prevent man- 
agers from cultivating soil in Southland if they can achieve high 
quality planting. 

Managers may well be wondering what, if any, increases in 
growth might accrue from these treatments by the end of a rota- 
tion. This question was discussed at length by Snowdon and War- 
ing (1984), and by Mason (1992), and cannot be answered 
accurately by analyses of experiments at age five. It is relevant, 
however, to observe whether the difference in time when sizes 
of trees in alternative treatments are equivalent is increasing or 
remaining static. At Glendhu, the difference in time was increas- 
ing from year to year up to age five, and the gain in time from 
ripping/mounding followed by weed control was one year by this 
age. 

It is recommended that managers consider adopting cultiva- 
tion with ripper tines and inverted discs (to form a mound over 
the rip line), as well as spot weed control after planting. Cost: 
effectiveness of these treatments could be assessed by assuming 
that they resulted in improvements in survival of 5% and gains 
in growth equivalent to one year of a rotation. These would be 
the lowest estimates of gains over a rotation. 

CONCLUSIONS 
On moist Yellow-Brown Earths in South Otago and Southland, 
ripping and discing improved radiata pine growth by 0.7-0.8 m 
in height, and by 1.8 cm diameter at breast height by the end of 
the first five years after planting. The two growth trajectories con- 
tinued to diverge, at least up to age five. 

Ripping and discing was markedly superior to ripping alone, 
although it did not matter whether two, four, or six inverted discs 
were employed. Rolling the mound created by discing improved 
diameter growth slightly. 

Herbicide applied in a spot surrounding the trees immediate- 
ly after planting added 0.3 m in height and 0.9 cm in diameter at 
breast height. 

Both cultivation and weed control significantly improved crop 
uniformity. 

Fertilisation had no important effects on growth. 
Those treatments which improved growth also improved sur- 

vival of the out-planted seedlings. The proportion surviving in 
the control treatment varied between sites. 

Weed control increased the number of multiboled trees, and 
the dominant stems of these trees grew more slowly than those 
of normal trees. 

The overall level of toppling was unaffected by cultivation, 
weed control, or fertilisation, at Glendhu, although toppling 
occurred later in slower growing treatments. At Berwick, top- 
pling occurred more frequently in the cultivated plots. 
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APPENDIX 1 
Contents of fertiliser pellets used at Glendhu 
1) D.A.P. 54 gm: 9.7 gm elemental N; 10.8 gm element P. 
2) Potassium chloride 20 gm: 10 gm elemental K. 
3) Kieserite 20 gm: 3.6 gm elemental Mg. 
4) K.B. 48 (Neobor) 2 gm: 0.3 gm elemental B. 
5) Copper sulphate 4 gm: 1.0 gm elemental Cu. 

Total: 100.0 gd t ree  

Issues on which Council 
have been active 

Council have been active on a number of 
issues of interest to our membership. 

1 Forest Policy 
This continues to be a significant area of 
debate. Council have sent a draft to each 
of the Regional Councils. In addition, 
there has been discussion with MOF and 
Ministry of the Environment. Despite a 
desire by Government to have this topic 
handled by each region independently of 
ccntral government, application of 
regional rules of Resource Management 
has shown that many aspects cannot be 
left to the parochial instincts of planners 
and some framework of policy is needed. 
This was apparent from the way in which 
indigenous policy was presented in the 
Forests Amendment Bill as the politi- 
cians perceived the electoral risk of leav- 
ing this solely to the provisions of the 
Resource Management Act. I expect to 
have this debated at the AGM in Napier. 

2 Forest Accord 
The statement of an accord between the 
NZ Forest Owners Association and a 
majority of the environmental organisa- 
tions, including Maruia Society, Forest 
and Bird Society etc, was seen in 1991 as 
a good method of meeting the public's 
perceived desire to halt reduction of the 
area and quality of NZ indigenous forest. 
The Institute along with Greenpeace and 
various other interested non-signatories is 

considering the issue of joining the 
Accord. It should be noted that the aim of 
the Accord participants was to find com- 
mon ground and aim to bind these organ- 
isations into a form of discipline of action 
on this topic. This had the attraction of 
reducing litigation and making clear that 
support of environmentally friendly plan- 
tation forestry could help to reduce the 
pressure on natural rain forest world 
wide. In return, participants gave up some 
capacity to act on this contentious issue. 
Foresters acting for landowners who wish 
to convert relict or scrub forest to pro- 
duction species could be uncomfortable 
with certain definitions in the Accord and 
it is this removal of ability to exercise 
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professional judgement that the Institute 
has to be wary of. 

Nowhere is this more evident than in 
the Gisborne District Council region 
where the Government seeks to encour- 
age planting of production species for 
both protection of eroding unstable soils 
and to provide economic support for a 
regional economy suffering recession and 
subsequent employment and social prob- 
lems. Application of Regional Rules 
could be at variance with rigid interpre- 
tation of the Accord where scrub species 
are concerned. Much of the furore could 
have been avoided if Government had 
funded adequate analysis and definition 
of areas of indigenous cover worthy of 
protection from felling where flora and 
fauna reserves were justified. Most of the 
area north of the Hikuai River is in Maori 
Land and much of this is reverting to 
manuka and kanuka. 

The Ngati Porou initiahves in forest 
establishment have taken regard for ripar- 
ian and other reserves and this is applaud- 
ed by most observers.   ow ever, the 
environmentalists' lobby finds fault with 
the process of selection of these and it is 
difficult to avoid the conclusion that the 
Accord is being used as an instrument of 
their concern for indigenous forest pro- 
tection without adequate regard for eco- 
nomic and social issues. 

3 Mission Statement 
The drafting of a Mission Statement for 
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