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Disclaimer  

This report has been prepared by New Zealand Forest Research Institute Limited (Scion) for Future Forests 
Research Limited (FFR) subject to the terms and conditions of a Services Agreement dated 1 October 2008.   

The opinions and information provided in this report have been provided in good faith and on the basis that 
every endeavour has been made to be accurate and not misleading and to exercise reasonable care, skill 
and judgement in providing such opinions and information.   

Under the terms of the Services Agreement, Scion s liability to FFR in relation to the services provided to 
produce this report is limited to the value of those services. Neither Scion nor any of its employees, 
contractors, agents or other persons acting on its behalf or under its control accept any responsibility to any 
person or organisation in respect of any information or opinion provided in this report in excess of that 
amount.  
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EXECUTIVE SUMMARY 

As a carry-over from the previous Scion/Industry research cooperatives (e.g., Plantation 
Management, Stand Growth Modelling, and Site Management), FFR is now responsible for 
experimental trials across New Zealand. Trials are expensive to install, maintain, and re-measure, 
and the benefit of these trials needs to be realised through the data being used, for example as 
stand-alone trial analysis of treatment effects, and collectively with other trials in the development 
of growth and quality models.  

As part of the Radiata Management Theme 2008/09 work programme in IFS (Intensive Forest 
Systems) Objective 1 (Forest Growth and Quality in Forest Stand), the analyses of a selection of 
trial series was included. Along with the analysis of the 2nd Log Pruning Trial reported herein, the 
other two trial series that were analysed and reported separately include the 1975 Final Crop 
Stocking Trial, and the Special Purpose Breeds Trials.  

The aim of this analysis was to:  

 

Assess whether the data from these trials are sufficient to provide for analyses on the 
economic efficacy of carrying out second-log pruning. 

 

Provide quantitative information on the effect of pruning above 6 metres. 

 

Compare results with current model predictions.  

Four second log pruning trials were installed across a range of site qualities within New Zealand to 
monitor the effect on tree growth and log quality of pruning radiata pine above 6.0 metres. The trial 
series has now had all treatments applied and the subsequent growth response measured. Re-
measurement frequency has been extended to a four-year schedule with wood quality assessment 
identified as a possibility closer to harvest.  

The trials were designed to model the effects of dependant factors; final crop stocking; pruned 
height and pruning severity on the response variable, basal area. Three-factor regression found 
stocking and mean prune height to be significant determinants of basal area, with green crown 
remaining being a contributor in only one case. Two-factor regression found stocking and mean 
prune height to be significant determinants of basal area, with green crown remaining being a 
contributor in two cases. The low site quality trial displayed a strong relationship between site index 
and basal area, and was therefore poorly modelled until site index was accounted for. Using 
unpruned plots as the control, growth years lost due to pruning was modelled with diameter at 
breast height as the dependant variable. Growth years lost due to pruning  increased with more 
intense pruning across all trial sites and stockings. A model was developed for growth years lost

 

using pruned height and green crown remaining as dependant variables.  

Comparison of the actual data of all trials with predictions using the 300 Index growth model found 
the current 300 Index model to generally under-predict reduction in DBH due to high pruning. The 
inclusion of this dataset with future refitting of the 300 Index will improve growth predictions and 
allow future analysis on the economic efficacy of second log pruning.    

Growth response to the different treatments is still evident in the latest measurements (especially 
in the ultra high prune height treatments), so further re-measurement is recommended to ensure 
this is captured and included in future growth models. Although current market conditions may not 
be a driver towards clearwood production, the data from this trial provide the extreme treatments 
needed in all biological growth models and are of sufficient quality to provide for any further 
analysis. 
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INTRODUCTION 

The second log pruning trial series was initiated in 1993, when price premiums were consistently 
being received for high quality pruned logs, providing opportunities to increase returns by growing 
a greater volume of quality pruned logs. Some forest companies had already moved away from the 
accepted industry standard of pruning to approximately 6 metres by either pruning to 5.5 metres or 
higher to around 8.5 metres. This change in strategy was aimed at achieving multiples of peeler 
bolt lengths rather than sawlogs. Little was known of the effect on tree growth and the resulting 
diameter over stubs (DOS) of pruning the second log (i.e. above 6 metres). Regime evaluations 
using STANDPAK showed that under many scenarios second-log pruning could be a profitable 
management option. Lack of data from plots pruned above 6 metres meant that the predictions 
were never adequately validated. Consequently these trials were established to provide data on 
ultra high pruning and give confidence that model predictions were accurate in terms of clearwood 
production and tree growth.   

The aim of this analysis is to:  

 

Assess whether the data from these trials are sufficient to provide for analyses on the 
economic efficacy of second log pruning. 

 

Provide quantitative information on the effect of pruning above 6 metres. 

 

Compare results with current model predictions.  

Four second-log pruning trials were installed across New Zealand to monitor the effect on tree 
growth and log quality of pruning radiata pine above 6.0 metres. A three-dimensional response 
surface trial design was used incorporating 25 plots at each site. Table 1 describes the site level 
detail of each site.  

Table 1. Site level detail of second log pruning trial series  

Forest Location Forest 
Owner 

Experiment 
No. 

Site 
Index 

Date 
Planted 

Ngaumu Wairarapa JNL FR 201 30 1985 
Aupouri Northland JNL FR 241 22 1987 
Waiotahi Eastern BOP PRU Timber FR 243 36 1988 
Otago Coast Otago Wenita FR 247 27 1986 

 

These trials have been installed over a range of site qualities located at: Ngaumu (medium fertility, 
medium site index), Waiotahi (high site index, high fertility), Otago Coast (medium site index 
medium fertility) and Aupouri (low site index, low fertility). See Figure 1.    
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Figure 1. Trial locations across New Zealand.  

The trial series was initiated by the Plantation Management Cooperative; further detail on the 
installation can be found in the installation report (Dean 1995). Interim analysis of the data set was 
carried out in 2002 by Dean and Kimberley (unpub). Individual plot data were compared with 
predictions from the EARLY growth model. Large errors were found in basal area increment 
predictions when pruning treatments were used above 6 meters. A model fitted to the response 
surface data available at the time found:  

 

Pruning above 6 metres disproportionately slows basal area growth rate when compared 
with conventional pruned heights. 

 

More intensive pruning (less green crown remaining) results in smaller diameter over stubs 
(DOS) measurements. 

 

DOS remains relatively constant up the stem for any given pruning intensity for trees 
pruned above 6 metres.  

Since then: 

 

The final pruning treatment was carried out in FR 241 in the winter of 2005.  Any response 
to this has been captured in the last 3 years  measurement, allowing a full analysis of the 
trial series to be carried out.   

 

A tree growth function to predict response of pruned height and intensity was incorporated 
into the 300 Index Model.  
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METHODS 

Treatments 
The treatments contained in these trials include: pruned heights ranging from 4.0 to 13.6 m, crown 
length remaining at each pruning lift ranging from 3.0 to 8.9 m, and final crop stockings ranging 
from 150 to 400 stems/ha. For each factor, a step length was selected and the treatment levels 
determined by multiplying step lengths by an interval, the product of which was added to or 
subtracted from the mean. Table 2 gives the treatment levels used. The mean treatment for this 
trial design was 8.8 m pruned height, 6.4 m crown length and 275 final crop stocking.    

Table 2. 
Summary of treatment levels.    

Intervals 
Factor Step length -1.68 -1 0 1 1.68 
Pruned height 3.0m 4.0 5.8 8.8 11.8 13.6 
Crown length 1.5m 3.9 4.9 6.4 7.9 8.9 
Final crop stocking 75 stems/ha 150 200 275 350 400 

 

The combinations of variables and number of plots for each site are given in Table 3.  Note the 
control plots at 200 and 350 stems/ha.  

Table 3. 
Number of plots and  pruned height. Filled cells give pruned height and number of plots for 

combinations of final stocking and crown length remaining.     

Final crop stocking (stems/ha)  

  

150 200 275 350 400 

 

3.9   8.8* x1   
4.9  5.8, 

11.8 x2  
5.8 x1, 
11.8 x1  

Crown 
length  
remaining 
(m) 

6.4 8.8 x2  4.0 x1,   
8.8 x6, 
13.6 x1  

8.8 x1 

 

7.9  5.8 x1,  
11.8 x2  

5.8 x1, 
11.8 x1  

 

8.9   8.8 x1   

 

Unpruned  0.0 x1  0.0 x1  
* pruned height (m) 
Total number of plots = 25  

Plot Layout 
The trials were installed into stands with stockings of at least 400 acceptable stems per hectare. 
Trial installation was timed to be immediately prior to the high pruning to be carried out (i.e.<11.0m 
MTH). Each trial occupies 7.8 hectares of uniform land. There are 25 plots at each site. Each 
treatment plot consists of a 0.309 ha square (55.6 * 55.6 meters) plot within which a 0.1 hectare 
circular plot contains trees to be measured. The plot radius is 17.8 metres plus slope correction 
where required. This plot layout provides a minimum buffer of 10 metres.  
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Analysis 
This trial was designed to assess the effects of dependent factors; final crop stocking (FCS); 
pruned height and pruning severity (green crown remaining) on basal area (BA). A trial design 
suited to regression analysis techniques was chosen in preference to designs allowing for 
comparison by analysis of variance. The data have been recorded as a time series up to 20 years, 
the latest common age for which PSP measurements are available for all trials.   

Individual site analysis of BA 
Three dimensional (three factor) surface regression (as graphed in Appendix 2) was used to show 
the overall trend between BA and the dependant factors. Two-factor general linear modelling 
(GLM) was run for each factor to show significance.  Three-dimentional surface regression models 
with a variable not adequately fitting the model were updated excluding that variable. All models of 
the response surface design had very influential linear trends underlying the components. 
Quadratic components within the response surface regression which were not found to be 
significant were excluded.  

Combined site analysis of Diameter growth 
Site and stocking influence between treatments was removed from the analysis by using DBH as 
the dependant variable. The best expression of each treatment s effect on DBH was years lost in 
growth due to pruning . To examine the different responses between trial sites, the control plots 
were used as a calibration. The time taken to reach a given diameter was compared to the control 
treatments. A model for BA as a function of pruned height and green crown remaining was 
developed which could perform well regardless of site and stocking   

The data were then used to compare predictions from the 300 Index growth model to the actual 
data from each site. Table 4 shows the average site level data from all trial sites used to build an 
average site  to run through the 300 Index model. The mean BA and Mean Top Height (MTH) over 
all sites gave a 300 Index of 25 and mean Site Index (SI) of 28. Predicted BA for the average site 
at age 20 with mean site parameters ( 275 sph, 6.4 GCR and 8.8 m prune height) was then 
compared to the same age data for each site, allowing the actual and predicted BA to be compared 
for all treatments.  

Table 4. 
Site detail used to run 300 Index model to compare actual growth response with predicted.  

Trial Latitude 
(°) 

Altitude 
(m) 

Initial stocking 
(sph) 

FCS 
(sph) 

MTH 
(m) 

BA 
(m2) 

FR 201 40 260 1100 275 30.3 43.4 
FR 241 34 50 1200 275 24.3 24.6 
FR 247 45 120 1000 275 27.2 40.6 
FR 243 38 90 645 275 34.4 45.1 
Average 39 130 1100 275 29.1 38.3 
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RESULTS 

Analysis of Basal Area response at each site  

The initial analysis of the trends among all sites showed the behaviour of the dependent variables 
to the response variable, BA, to vary greatly between trial areas. Following this result, separate 
models were created for each trial to more effectively fit trends within each data set. The results 
from the full or reduced response surface regression or general linear model for of each of the 
trials are shown in Table 5.  

Table 5. 
Results from the response surface regression.   

Response surface regression General linear model 
Trial Response 

R2 
Significant variables 

(p<0.05) 
Response R2 Significant variables 

(p<0.05) 
FR 247 0.95* Stocking 

Prune Height 
Green Crown Remaining 

0.88* Stocking 
Prune Height 
Green Crown Remaining 

FR 243 0.86 Stocking 
Prune Height 

0.85 Stocking 
Prune Height 

FR 241 0.27 Stocking 
Prune Height 

0.20 Stocking 
Prune Height 

FR 201 0.80 Stocking 
Prune Height 

0.82* Stocking 
Prune Height 
Green Crown Remaining 

* = Full response surface regression or general linear model, otherwise results are from a reduced response surface regression or GLM  

Response Surface Regression 
Each surface regression (Appendix 1) shows the variation in basal area explained by each model 
(R2) and those variables found to have a significant effect on basal area for each trial at age 20. 
The relationships between these variables for each trial are described by the response surface 
graphs (Appendix 2).   

The surface regression for FR 247 (Appendix 1.1.1) showed that the trends within the regression 
variables, stocking, mean prune height and green crown all contributed to the final BA. The F-test 
for lack of fit showed the fitted response surface form was not significantly different from the true 
surface. The R² of 0.9484 indicates 95% of the variation in basal area is explained by this model 
and it should therefore be suitable for making predictions.   

The surface regression for FR 243, FR 241 and FR 201 showed that prescribed green crown 
remaining was not a significant factor. Updated regressions were made analysing the data without 
prescribed green crown remaining. These new models (Appendix 1.2.1, 1.2.2 and 1.2.3) showed 
both mean prune height and stocking to individually contribute towards the model. The F-test for 
lack of fit showed the fitted response surface was not significantly different from the true surface. 
The R² for the response surface regressions are given in Table 5. The R² value of 0.2737 for FR 
241 shows it to be a very poor model for making predictions. The R2 for FR 243 and FR 201 show 
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that sufficient variation in BA is explained and should therefore be reasonable models for 
prediction.   

General Linear Models 
Like the surface regressions, a GLM was run for each trial consisting of the dependent variables 
nominal green crown remaining, mean prune height and stocking and the response variable, BA. 
New models were then made for each trial based on the results from the overall GLM to try and 
create the best fitting equation for each model.    

The GLM run for FR 247 and FR 201 (Appendix 3.1.1 and 3.1.2) showed the three dependant 
variables to have a significant effect on BA. The R² values (Table 5) suggest the variation in BA 
was sufficiently well explained by the components in the models. The residuals (Figure 3.1.1 and 
3.1.2) were scattered with no apparent pattern. Quadratic terms were then added to the models, 
with no improvement, making the initial overall GLM the best to model the data.   

A GLM was fitted to the data of trial 241 and 243. In both cases the variable prescribed green 
crown remaining was not found to be significant. As a result, prescribed green crown remaining 
was dropped from the analysis and new models were set up. These new models analysed BA by 
the factors stocking and mean prune height. An interaction term between stocking and mean prune 
height was added to the equations as it helped model the trend more effectively. These new 
models (Appendix 3.2.1 and 3.2.2) showed mean prune height, stocking and the interaction term to 
be significant. The R² value for FR 243 (Table 5) suggests the variation in BA is sufficiently well 
explained by the components in the model. The R² value for FR 241 (Table 5) suggests the 
variation in BA is not sufficiently well explained. Quadratic and exponential terms were then added 
with little success. The updated model is deemed the best fitting model for FR 243.  

FR 241 showed that there was a trend or a component within the data that had not been modelled 
as the R² value did not go beyond 27% for any of the modelling attempts. Further investigation was 
carried out to see how this trial differed from the other trials. Scatter plots of site index against 
basal area were made for each trial which show the relationship between these variables. Figure 2 
shows the scatter plot of FR 241 where there is a noticeable trend that shows basal area sharply 
increasing with site index. This trend is not evident in the data for the three other trials. As part of 
further investigation of this apparent relationship with basal area, site index was added into a full 
response surface analysis of trial 241 with other response variables green crown remaining, mean 
pruned height and stocking. The inclusion of site index in the response surface design meant that 
the R² value increased significantly to 0.94, and site index was thus an extremely strong contributor 
to basal area prediction. 
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Figure 2. The relationship between site index and BA for FR 241. 

Combined site analysis of Growth Years Lost due to pruning  

In order to examine different responses between treatments, the control plots were used as a 
calibration, and the time taken to reach a given diameter was compared to the treatment plots. 
Figure 3 demonstrates the effect of pruning for each treatment mean averaged across all four sites 
expressed as growth years lost against the unpruned treatment.      

Figure 3. Treatment means averaged across all four trials showing growth years lost versus 
crown length.  
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The effect of prune height was largest where the 13.6 m pruned height results in approximately 4 
years of diameter growth lost, while pruning to 4 m slows growth by around one year. Green crown 
remaining had less effect on growth lost than did prune height. Growth years lost increased with 
more intense pruning, and this effect increased with pruning height. Pruning to 5.8 m prune height 
with a 5 m green crown remaining resulted in only marginally more growth loss than the 8 m green 
crown remaining, while the growth loss was nearly doubled in the 11.8 m prune height treatment.  

The growth years lost due to pruning was able to be analysed across all trial sites when no 
significant differences between site or stocking were found. Because of the absence of any site 
and stocking by pruning treatment interaction, it was possible to fit a model as a function of pruned 
height and green crown remaining which performed well regardless of site and stocking:  

Years lost = 0.0220 * PrHt2.41 (1 - 0.0962*GrCR)  

where PrnHt is the pruned height (m)  
GrCR  is the green crown remaining (m)  

Figure 4 demonstrates the influence pruning height and intensity have on diameter growth loss 
where an increase in pruned height and/or more severe pruning treatment results in more growth 
years lost as predicted by this model.  
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Figure 4.  Model predicting growth years lost due to pruning as a function of prune height 
and crown length based on data from all four trials.   

Comparison with 300 Index predictions 
The average site growth response expressed as reduction in DBH is shown where the values 
predicted by the 300 Index growth model for all treatments were compared to the actual values for 
the same treatments. Figure 5 shows the 300 Index to generally under-predict growth loss. This 
prediction across all sites is expected to be improved with the addition of this dataset to the 300 
Index model.  
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Figure 5.  Comparison of actual loss in DBH due to pruning averaged across the four trials 
against predicted loss using the 300 Index growth model. 
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CONCLUSION 

Generally, the models showed the variables stocking and mean prune height to be significant 
determinants of BA. However, the results varied with prescribed green crown remaining where 
three models suggested it to be a contributor to BA variation, while it was unnecessary in the 
remaining five. There was large variation in BA between trial sites. Each site appeared to have 
different underlying trends for each of the treatments; this stems from the range in trial site quality 
and tree stock genetic quality.  

FR 241 was unique in that the three components of prescribed green crown remaining mean prune 
height and stocking used to model BA produced very poor results. The same components for the 
other sites produced models which provided acceptable explanations of BA. However, BA was 
modelled accurately with the inclusion of site index. The high variability between plots on the low 
quality site could have led to the site index having a higher contribution to BA compared to the 
stocking, pruned height and pruning intensity.  

When the site and stocking influence was removed from the analysis by using DBH as the 
dependant variable across all sites, the significance of prune height and intensity became evident. 
Growth years lost due to pruning could then be successfully modelled and thus provide for 
scenario analysis of second-log pruning regimes. Growth years lost increased with higher prune 
heights and higher pruning intensities. The predictions made with the 300 Index were found to 
generally under-predict growth loss when compared to actual site values. This prediction is 
expected to be improved with the addition of this dataset to the 300 Index model.  

Growth response to the different treatments is still evident in the latest measurements (especially 
in the ultra high prune height treatments), so further re-measurement is recommended to ensure 
this is captured and included in future growth models (Appendix 4). Although current market 
conditions may not be a driver towards clearwood production, the data from this trial provide the 
extreme treatments needed in all biological growth models, and are of sufficient quality to provide 
for any future analysis.     
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APPENDICES 

Appendix 1: Response Surface Regression Models  

Full Response Surface Regression Sas Output:  Trial 247   
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Reduced Response Surface Regression Output For Trial 243 
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Reduced Response Surface Regression Output For Trial 241 
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Reduced Response Surface Graph For Trial 201  
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Appendix 2: Response Surface Graphs  

  

Figure 2.1.1.  Response Surface Graph displaying the relationship between stocking and 
mean prune height for Trial 247. 

  

Figure 2.1.2.  The Relationship between stocking and prescribed green crown emaining 
for Trial 247 through the response surface design. 
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Figure 2.1.3.  The relationship between prescribed green crown remaining and mean 
prune height for Trial 247 through the response surface design.    

  

Figure 2.2.1.  Response surface design displaying the relationship between stocking and 
mean prune height against basal area. Trial 243. 
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Figure 2.3.1.  Response surface graph displaying the relationship between mean prune 
height and stocking for Trial 241.   

  

Figure 2.4.1.  Relationship between mean prune height and stocking against basal area for 
Trial 201.  



      

20 
R028 Effects of Pruning Intensity_G23 

Private & Confidential to FFR Members   

Appendix 3: General Linear Models   

Full General Linear Model for Trial 247  
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Figure 3.1.1.  Scatter plot of residuals against predicted values for trial 247.  
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Full General Linear Model for Trial 201  
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Figure 3.1.2.  Scatter plot of residual against predicted values for Trial 201.    
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Updated General Linear Model for Trial 241  
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Figure 3.2.1.  Updated residual against predicted value scatter plot for Trial 241.    

An Updated Model for Trial 243  



      

24 
R028 Effects of Pruning Intensity_G23 

Private & Confidential to FFR Members  

   

Resi dual s

-7

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

Predi ct ed Val ues

30 40 50 60

  

Figure 3.2.2.  Scatter plot of residuals against predicted values for Trial 243.  
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Appendix 4: Proposed Trial Measurement    

Table 4.1.1. 
Trial detail showing proposed measurement detail under revised measurement frequency of 

4 years as advised by FFR TST.  

Trial Last 
treatment 

Last 
Measure 

Proposed next 
Measure 

FR 201 1998 2007 2011 
FR 241 2005 2008 2012 
FR 247 2001 2008 2012 
FR 243 1998 2007 2011 

 

The design of this trial is complex and looks at four levels of interaction between site, stocking, 
prune height and green crown remaining. More subtle responses to the treatments may not be 
sufficiently described by the response surface (e.g. height/stocking), so further remeasurement of 
other trial series which explore the limits of management options (the followers trial series) is 
recommended to ensure future models are robust and perform over a wide range of management. 


