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Response Increment: 
The Basis for a Pinus radiata Stand Growth Model 

by 

Ross Home and Grant Robinson 

ABSTRACT 

As a means to determine the pattern of stand growth with respect to stand density for a variety of 
stand ages, the measurement data from nine Pinus radiata thinning experiments, spanning four decades, 
have been analysed by the Response Increment method (Home, Robinson and Gwalter 1986). 

As a result stand basal area increment was found consistently to maintain a maximum value over a 
wide range of stand stockings (Le. a plateau zone) for most ages and sites. Three distinct segments of 
the resultant increment / density pattern, similar to those postulated by Langsaeter (1941) are defined 
and separated by means of identifying two critical growth points on the relationship. The critical growth 
points determined are, the stand stocking at maximum thinning response and the lowest stand stocking 
at maximum stand increment. 

It is suggested that the critical point with maximum stand basal area increment would be a useful 
alternative index of site potential to that conventionally calculated from stand height. 
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INTRODUCTION 

Managing Pinus radiata D. Don. plantations 
by means of sporadic, commercial stand density 
reduction to a preset basal area is the method of 
stand regulation prescribed by the Forestry 
Commission of New South Wales. Basic to this 
management method is a knowledge of how the 
stand basal area increment (growth) relates to 
residual stocking (density), how this growth / 
density relationship is modified by site potential, 
stand age and previous thinning history, and 
further, how these parameters relate to achieve 
optimal stand growth. 

To accommodate market constraints and 
financial considerations, it is conceded that 
practical management prescriptions may 
ultimately have little in common with optimal 
stand growth. However, optimal stand growth 
remains as a meaningful, standard position from 
which the extent of management compromises 
can be gauged. Hence practical management 
begins with objective and accurate determination 
of optimal stand growth for the species 
concerned. In the past, many thinning 
experiments have been established by the 
Forestry Commission of New South Wales for the 
express purpose of providing data to determine 
this relationship. 

In this paper, the growth / density relationship 
for P. radiata is established by analysing data 
from the more comprehensive of these 
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experiments using the Response Increment 
method of Horne, Robinson and Gwalter (1986). 

In 1941, Langsaeter postulated a form for this 
relationship using stand volume increment as the 
growth parameter and stand volume as the density 
parameter for European even aged stands of 
spruce, fir and pine. He divided the relationship 
pattern into five separate zones, one of which was 
a "plateau" zone (Ill) where stand increment was 
independent of density (Figure 1). 

Since that time,. the existence of a marked 
plateau zone similar to Langsaeter's has not been 
shown conclusively, even after the accumulation 
of considerable data (Smith 1962, Assmann 1976 
and Clutter, Fortson, Pienaar, Brister and Bailey 
1983). However, more than four decades later, 
there is some agreement that stand increment 
declines at low stockings where the site is not 
fully utilised and that it may decline at very high 
stockings for some species. Of considerably more 
importance to forest stand models is that despite 
a high level of data variability (Clutter et al. 
1983), there is a degree of accord with 
Langsaeter, i.e. increment is more or less constant 
over a range of densities between these zones of 
decline. 

To improve growth prediction, stand modellers 
must gain better resolution of the increment 
pattern within this intermediate zone, particularly 
a position which optimises both individual tree 
growth (piece size) and stand growth 

y 

DENSITY 

Figure 1. The relationship between density measured in cubic volume, 
and growth (increment) in cubic volume per year, as postulated by 
Langsaeter (1941). 
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Table 1. Details of the nine major thinning trials analysed by the Response Increment method. 

Year Forestry LOcation 
of Region 

planting 

1937 Eden Bondi 

1941 Bathurst Gurnang 

1945 Albury Red Hill 

1949 Bathurst Sunny 
Corner 

1954 Albury Bucc1euch 
11 

1957 Albury Bucc1euch 
III 

1959 Bathurst Vulcan 

1960 Albury Bucc1euch 
I 

1960 Albury Green 
Hills 

(productivity). In addition, at stockings below the 
optimum, the rate at which stand productivity 
declines in relation to the rate at which individual 
piece size increases, requires quantification. 

THE DATABASE 

Between 1951 and 1971, the Forestry 
Commission of New South Wales established 27 
large, replicated experiments in its Pinus radiata 
D. Don. plantation areas (Carter 19811

) and has 
since accumulated considerable individual tree 
measurement data. This paper analyses the data 
from nine of the largest and longest running of 
these experiments from three separate regions of 

Experiment Treatments (f) Range of 
description Replicates (R) Measurement 
at planting Ages 

Production 4T,4R 15 -28 
thinning 

Production 3T,4R 12 - 35 
thinning 

Pre-commercial 5T,4R 11-22 
thinning 

Production 7T,3R 14 - 28 
thinning 

Pre-commercial 4T,5R 9 -12 
thinning 

Variable 7T,3R 10 -18 
spacing 

Variable 7T,3R 10 -15 
spacing 

Correlated 8T,3R 10 - 23 
curve trend 

Correlated 8T,7R 12- 21 
curve trend 

the state. The experimental details and the r~nge 
of measurement ages is shown in Table 1. 

THE RESPONSE INCREMENT METHOD 
OF ANALYSIS 

The method of data analysis used is that 
detailed by Horne, Robinson and Gwalter (1986). 
This method determines the stand basal area 
increment response to thinning by partitioning 
the measured stand growth. The resolution of 
certain critical points on the stand increment / 
density relationship is facilitated by examination 
of these partitioned increments. 

1 Carter, P.R. (1981). Thirty years of Thinning and Spacing Trials. ForestIy Commission of New South Wales 
Unpublished Report No. 242. 74 pp. 
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The basal area increment of a residual stocking 
is considered here as a combination of two 
partial increments, i.e. time-dependent increment 
and competition-dependent increment. 
Time-dependent (or base) increment (IB) is 
defined as that accruing to any part or segment of 
the stand without a reduction in the total stand 
stocking. Competition-dependent (or response) 
increment (IR) is defined as the additional 
increment accruing to any part or segment of the 
stand as a response to a reduction in the total 
stocking. The total increment (IT) is represented 
as a combination of these two partial increments 
thus: 

IT = IB + IR •••• (1) 

Fundamental to the Response Increment 
method of analysis is the concept of 
stand-segments. A stand-segment consists of the 
largest diameter (dbhob) S trees ha- I (e.g. the 
largest 100, 200, 300, etc. trees ha-I) within a 

stand of stocking N trees ha-I. The notation Nc is 
used to denote the stocking of an unthinned 
control stand. 

1. Total Increment (IT) 

The total basal area increment (IT) can 
conventionally be determined for the variety of 
residual stockings (N trees ha-I) represented in 
the data base. However, this method further 
considered the total increment (IT), calculated 
from the thinned plot data that accrues to given 
stand-segments with stocking S and which are 
located within a variety of residual stockings N. 
This required that the entire data set be 
segmented into overlapping stand-segments in 
the manner referred to previously . 

An example of the total increment (IT) 
calculated for given stand-segments (S) is shown 
in Table 2. The total basal area increment (IT) for 
the largest 100 trees ha- I stand-segment has been 
calculated to be 1.0, 1.3 and 1.7 m2 ha- I yr- I 

within total residual stockings of N = 500, 
N = 300 and N = 200 trees ha- I respectively. 

Table 2. Hypothetical data to illustrate the Response Increment method of analysis. 

Age 

12-15 years 

S 

-1 (trees ha ) 

100 

200 

300 

400 

500 

1200 

Plot 1 
Unthinned 

Nc=I200 
-1 (trees ha ) 

IB 

(m2 ha-I yr-I) 

0.5 

0.9 

1.3 

1.6 

1.9 

3.1* 

Plot 2 
Thinned 

N=500 
-1 (trees ha ) 

IT IR 

(m2 ha-I yr-I) 

1.0 0.5 

1.8 0.9 

2.4 1.1 

3.0 1.3 

3.1 l.2* 

* indicates limiting value, i.e. N = S 
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Plot 3 Plot 4 
Thinned Thinned 

N=300 N=200 
-1 (trees ha ) -1 (trees ha ) 

IT IR IT IR 

(m2 ha-I yr-I) (m2 ha-I yr-I) 

1.3 0.8 1.7 1.2 

2.4 1.5 2.9 2.0* 

3.5 2.2* 



2. Base Increment (IB) 

The time-dependent basal area increment (IB) 
is the measured increment accruing to 
stand-segments of stocking S trees ha- l within the 
unthinned stand of stocking Ne trees ha-I. For the 
example in Table 2, assuming that the four plots 
were identical with respect to growth before 
thinning treatment took place, the post-thinning 
growth differences can then be ascribed to 
stocking reduction treatments. Base increment 
(IB) has been calculated from stand-segment 
measurements of unthinned Plot 1 to give the 
basic unthinned increment for the given 
stand-segments (S). For example, the unthinned 
increment (IB) for the largest 100 trees ha- l 

within an un thinned stand of Ne = 1200 trees 
ha-l is determined to be 0.5 m2 ha- l yr- l . 

A relationship between each given 
stand-segment stocking (S) and its corresponding 
unthinned stand increment (IB), within the total 
unthinned stocking (Ne) was estimated in this 
way for a given age as a Weibull function. From 
graphical analysis, two forms of the Weibull 
equation were shown to be applicable to the S, IB 
data: 

•••• (2a) 

where S = stand-segment stocking (trees ha-1
), 

and 
A, b and c are constants. 

3. Response Increment (IR) 

The corresponding competition-dependent 
increment (IR) is derived for each given 
stand-segment (S) by subtracting the base 
increment value (IB) from the total increment 
value (IT) according to equation 1. That is, IR 
represents the stand-segment growth that occurs 
over and above that which occurs if thinning has 
not taken place. For the Plot 2 example in 
Table 2, a stand-segment S = 100 trees ha- l 

within a residual stand N = 500 trees ha-I, has a 
resyonse increment (IR) of IT - IB or 0.5 m2 

ha- yr- l
. Similarly, in Plot 3, for S = 100 trees 

ha- l within N = 300 trees ha-I, the response 
increment (IR) is IT - IB or 0.8 m2 ha- yr-1, 
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and for S = 100 trees ha-l within N = 200 trees 
ha-l for Plot 4, IR = 1.2 m2 ha- l yr- l . Note that 
for the un thinned Plot 1 with N = N~ = 1200 trees 
ha-I, IB = IT and therefore IR = 0 m ha-l yr- l for 
all values of S by definition. 

Thus, a data set can be compiled for S = 100 
trees ha- l within a variety of stand stockings (N) 
for a given age. For the Table 2 example, when 
S = 100 trees ha- l the corresponding N, IR 
values are: (1200, 0.0), (500, 0.5), (300, 0.8) 
and (200,1.2) for Plots 1,2,3 and 4 respectively. 

The maximum IR value for a particular 
stand-segment (e.g. S = 100 trees ha-I) occurs 
where the stand-segment (S) becomes the 
residual stand stocking (Le. S = N = 100 trees 
ha-I). To estimate the maximum IR from a range 
of stand-segment IR values, the relationship 
between the residual stand stockings (N) and the 
derived response increment (IR) was determined 
for the given stand-segment (S=lOO trees ha-I). 
For each stand-segment (S), the IR and N data 
were fitted to the following logarithmic 
relationship : 

IR = bo - blloge N .... (3) 

Where the regression coefficient (bl) was 
shown to be significantly different to zero at the 
5% level, the equation was solved to give the 
increment where the stand-segment is the residual 
stocking (e.g. S = N = 100 trees ha-I). This value 
is the thinning response increment (IR) gained by 
thinning a stand to 100 trees ha-I. Similarly, the 
thinning response increment (IR) was determined 
for the other stand segments (S = 200, 300,400 
and 500 trees ha-I) provided that there are enough 
individual points to give a significant equation 3 
relationship. 

Using these estimated values, for a given mean 
age, a relationship between the partitioned IR and 
the corresponding total stand stocking (N) that is 
independent of stand-segments, has been 
estimated as a Weibull function of the following 
form: 
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These Weibull functions were fitted using 
non-linear regression techniques by iteratively 
reducing the sum of squares of residuals until a 
suitable minimum was found. No apparent bias 
in the distribution of the residuals was evident 
from this analysis. However neither the S, IB or 
the N, IR data sets were independent as the basal 
area increment was calculated for overlapping 
stand-segments (e.g. the largest 100, 200, 300, 
etc. trees ha-I). 

The time (IB) and thinning response (IR) 
partial basal area increments were determined in 
the manner described for all overlapping 
stand-segments, within all thinning plots, at all 
mean ages and all locations of the data for the 
nine thinning experiments. Following 
determination of the partitioned increment 
relationships, the models for IB (equation 2a or 
2b) and IR (equation 4) were combined by 
addition to give an objective estimate of the 
overall pattern for the total stand increment (IT) 
on stand stocking (N) relationship. 

RESULTS 

1. The Plateau Effect 

The Response Increment analysis applied to 
the nine thinning experiments as described 
produced a notable result. The shape of the total 
increment to stocking density relationship, 
derived from its components IB and IR 
consistently showed !la plateau-like" zone where 
basal area increment was maximised, 
independent of increasing stocking density 
(Figure 2). 

From the 32 increment periods analysed for 
the nine experiments shown in Table 3, the stand 
increment was independent or almost 
independent of stocking for a wide range of 
values (Le. the presence of a plateau zone) in 26 
cases. In four cases, increment increased with 
stocking, while in the remaining two cases, 
increment decreased from a maximum with 
increasing stocking. The four cases where 
increment continued to increase all applied to the 
youngest stands. 

This "plateau" phenomenon occurred 
irrespective of location or site potential. 
However, "plateau" relationships were not found 
for young stands, particularly those less than 10 
years old. In general, the basal area increment of 

the "plateau" and the stocking at~ which it 
commenced were found to decrease, with 
increasing age and declining site' Rotential 
(Figure 2). 

The Weibull equation coefficients, the 
coefficients of determination (R2

), and the 
sample sizes for both the partial base (IB) and 
response (IR) increments for each experiment are 
shown in Table 4. 

2. Critical Growth Positions 

Figure 3 shows that the increment I density 
curve contains two points that are critical 
indicators in the manipulation of forest stands : 

a) the left hand edge of the plateau (point P) 
which indicates the lowest stocking (largest 
piece size) at which the site can maintain 
maximum stand increment (maximum 
productivity) for a given age. Point P is the 
junction of Langsaeter's segments 11 and III 
(Figure 1); 
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b) another position (point C) at maximum 
thinning response is located to the left of point 
P. Here the effect of tree competition is 
reduced, allowing considerably greater 
individuai tree growth (piece size) than at 
point P, while at the same time retaining a high 
proportion of the maximum increment 
(productivity) allowed by the site. Point C 
approximates the junction of Langsaeter's 
segments I and 11 (Figure 1). 

It is evident from Figure 3 that critical points 
C and P on the total increment curve (IT) 
correspond to major changes of direction on the 
response increment curve (lR). Thus objective, 
comparative estimates of the stocking at points C 
and P can reasonably be made by determining the 
abscissae of the major changes of direction found 
on the increment response curve (Figure 3). 

The first derivative of the Weibull equation 4, 
IR = f(N), equated to zero and solved for N, gives 
the stocking at which response increment is 
maximised. This provides an estimate of the 
critical point C stocking, hence the point C 
increment on the total increment curve can be 
calculated. Additionally, the second derivative 
of equation 4, equated to zero and solved for N 
will give the stocking at which the point of 
inflexion occurs on the IR curve and can be used 
to estimate the stocking and hence the increment 
of critical point P on the total increment curve. 
The basal area increment and stocking for critical 



Table 3. Basal area increments of critical stocking points C and P from the Weibull increment density 
relationships derived for each age period and site locality. 

Forestry 
Region 

Albury 

Bathurst 

Eden 

Locality 

Buccleuch I 

Buccleuch II 

Buccleuch HI 

Red Hill 

Green Hills 

Gurnang 

Sunny Comer* 

Vulcan 

Bondi 

Age 
Period 

Years 

10-14 
14-17 
17-20 

9-12 

1O-l3 
l3-15 
15-18 

11-15 
15-18 
18-22 

12-15 
15-18 
18-21 

12-15 
15-19 
19-23 
24-27 
27-29 
29-31 
31-33 
33-35 

14-16 
16-18 
18-20 
20-25 
25-28 
28-32 

1O-l3 
l3-15 

15-20 
20-23 
23-28 

Increment (Stocking) 
C P 

m2 ha-I y-I 
(trees ha-I) 

3.03 (371) 
2.22 (266) 
1.72 (219) 

2.43 (326) 

2.98 (415) 
2.77 (398) 
2.28 (328) 

1.81 (428) 
1.74 (292) 
1.52 (297) 

3.06 (295) 
2.22 (226) 
1.78 (188) 

2.50 (426) 
2.49 (407) 
2.06 (446) 
2.08 (345) 
2.00 (273) 
2.42 (326) 
2.21 (244) 
1.56 (2l3) 

1.78 (358) 
2.36 (383) 
2.43 (319) 
2.63 (298) 
2.12 (310) 
1.68 (273) 

3.18 (411) 
2.47 (439) 

1.99 (266) 
2.03 (253) 
1.88 (219) 

m2 ha-I y-I 
(trees ha-I) 

3.62 (714) 
2.80 (597) 
2.28 (519) 

3.07 (659) 

3.70 (804) 
3.32 (762) 
2.80 (625) 

2.22 (797) 
2.09 (596) 
1.78 (623) 

3.56 (615) 
2.68 (501) 
2.43 (477) 

3.38 (848) 
3.12 (847) 
2.52 (879) 
2.25 (679) 
2.03 (498) 
2.65 (662) 
2.58 (500) 
1.77 (492) 

2.40 (851) 
2.84 (843) 
2.60 (6l3) 
3.12· (600) 
2.53 (630) 
2.l5 (596) 

3.89 (842) 
3.24 (924) 

2.57 (584) 
2.46 (603) 
2.28 (482) 

* The figure 25.3 years was used for age 25 calculations at Sunny Corner. 
# no plateau zone in Section III, increment falls after reaching a maximum, 

0- = plateau shows slight fall after reaching a maximum, 
0 = plateau zone, 
0+ plateau continues to rise slightly beyond point P, 
+ no plateau zone, increment continues to rise with increasing stocking density. 
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Figure 3. The relationship between partial stand basal area increments 
(18 and IR) and stocking density. The total stand increment is the sum of 
the partial increments (IT = 18 + IR). Critical points C and P on the IT curve 
are derived from the stocking of the maximum and the point of inflexion 
of the IR curve, respectively. 

points P and C are shown in Table 3 for all nine 
thinning experiments at various age periods. 

3. Site Potential Categories 

The plateau amplitude variation shown by the 
increment / density diagrams infer site potential 
differences. For example, for the age period 15 
to 18 years: 

Location 

Buccleuch III 

Red Hill 

Green Hills 

Point P increment 
(m2 ha-1) 

2.80 

2.09 

2.68 

The low value for the Red Hill point P increment 
indicates that the site will sustain a lower 
maximum stand growth than either Buccleuch III 
or Green Hills. Thus an index of site potential 

could be developed by modelling point P 
increment and stocking at a given age. 

DISCUSSION 

The results of the Response Increment 
analysis have important implications for future 
basal area modelling of plantation grown Pinus 
radiata in New South Wales. In the past, basal 
area models have included difficult to measure 
parameters such as an index of site potential and 
a modifying factor to account for differences in 
thinning history following a sequence of 
thinnings (Watt 1970 1, McMullan 19742

, 
Ferguson and Leech 1976, Van Laar 1979, Bailey 
and Ware 1983, and Garcia 1984). The 
determination here that a plateau pattern exists, 
combined with the variation shown in maximum 
increment for different locations and the 
definition of two critical growth positions 
provide a useful basis to model thi8 species. 

However, not all the experimental data 
analysed formed plateaux. The thee experimental 
localities showing the least tendency to form 

1 Watt. AJ. (1970). Growth simulation of Pinus radiata plantations in New South Wales. Progress report 2. 
ForestIy Conunission of New South Wales. Unpublished Report. 4 pp. 

2 McMullan. M.J. (1974). Basal area growth function investigations. Unpublished notes. 6 pp. 
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Table 4. Weibull equation constants A, b and c for response and base increments for the equation form: 
Increment = [A (l-exp(-(Nlbl)], Form [1] or' 
Increment = [A (clb) (N1b)c-l exp(-(NIb)~], Form [2] 
together with the coefficient of determination (R2) and the number of data points (n) for each relationship. 

Forestry Locality Age Response Increment (IR) 
Region Period 

(Years) 

Form A b C R2 n 

Albury Buccleuch I 10-14 [2] 1129 608 1.74 0.99 8 
14-17 [2] 915 565 1.49 0.99 8 
17-20 [2] 670 515 1.42 0.99 7 

Buccleuch II 9-12 [2] 836 577 1.64 0.99 8 

Buccleuch III 10-13 [2] 1031 687 1.72 0.99 7 
13-15 [2] 894 648 1.75 0.99 6 
15-18 [2] 702 530 1.76 0.99 6 

Red Hill 11-15 [2] 557 668 1.81 0.99 8 
15-18 [2] 576 526 1.62 0.99 7 
18-22 [2] 578 560 1.58 0.99 8 

Green Hills 12-15 [2] 1250 550 1.59 0.97 8 
15-18 [2] 796 470 1.50 0.96 8 
18-21 [2] 640 510 1.35 0.95 8 

Base Increment (IB) 

Form A b c R2 n 

[1] 4.30 742 1.15 0.99 33 
[1] 3.37 673 1.10 0.99 33 
[1] 2.60 538 1.18 0.98 33 

[1] 4.93 1025 1.02 0.99 55 

[1] 4.54 784 1.07 0.99 11 
[1] 3.63 616 1.08 0.99 11 
[2] 5052 1601 2.01 0.99 10 

[1] 2.50 659 1.15 0.99 11 
[1] 2.35 570 1.08 0.99 11 
[1] 1.80 532 1.09 0.99 11 

[1] 4.00 675 1.09 0.99 11 
[1] 2.77 480 1.14 0.99 11 
[1] 2.46 390 1.15 0.99 11 



~ ............................ ~~-----~~--............ -----.--------------~~~--~~--~~ 

Forestry Locality Age Response Increment (IR) Base Increment (IB) 

Region Period 
(Years) 

Form A b c R2 n Form A b c R2 n 

Bathurst Gurnang 12-15 [2] 792 736 1.67 0.99 11 [1] 4.40 830 1.11 0.94 90 

15-19 [2] 1047 756 1.60 0.99 11 [1] 3.40 700 1.11 0.96 90 

19-23 [2] 608 759 1.69 0.98 11 [1] 2.50 510 1.13 0.91 90 

24-27 [2] 764 585 1.69 0.99 11 [2] 3800 1720 1.78 0.90 145 

27-29 [2] 463 414 1.86 0.95 10 [2] 7000 2790 1.53 0.72 140 

29-31 [2] 915 582 1.63 0.99 9 [2] 5080 1880 1.75 0.82 138 

31-33 [2] 580 442 1.62 0.99 9 [2] 5860 1850 1.73 0.86 136 

- 33-35 [2] 531 478 1.45 0.99 7 [2] 4010 2000 1.66 0.81 135 
Ut 

Sunny Corner* 14-16 . [2] 1002 848 1.41 0.99 11 [1] 3.22 1041 1.03 0.99 11 

16-18 [2] 1406 785 1.51 0.99 9 [1] 3.26 940 1.09 0.99 11 

18-20 [2] 981 522 1.74 0.99 6 [1] 2.94 750 1.11 0.99 11 

20-25 [2] 900 525 1.64 0.99 5 [1] 3.42 569 1.13 0.99 11 

25-28 [2] 663 554 1.63 0.99 5 [1] 2.45 435 1.15 0.99 11 

28-32 [2] 534 551 1.52 0.99 5 [1] 1.99 379 1.28 0.99 11 

Vulcan 10-13 [2] 1710 744 1.62 0.99 10 [1] 5.56 1200 1.14 0.99 33 

13-15 [2] 1275 832 1.58 0.99 7 [1] 7.24 2260 0.9.9 0.99 33 

Eden Bondi 15-20 [2] 692 542 1.51 0.99 6 [1] 3.15 622 1.07 0.99 33 

20-23 [2] 963 605 1.41 0.99 8 [1] 2.00 400 1.25 0.99 44 

23-28 [2] 583 449 1.51 0.99 4 [1] 2.12 356 1.18 0.99 44 

* The figure 25.3 years was used for age 25 calculations at Sunny Corner. 



plateau zones were Gurnang, Buccleuch 11 'and 
Vulcan. Where plateaux were not formed it was 
usually for young age periods. This is most likely 
because the upper range of the experimental 
stockings (about 1800 trees ha-l) is below that 
required for maximum increment at that age and 
site quality. Gurnang alone showed age periods 
with a marked decline after peking, for two age 
periods. The reason for this is not known. 

Additionally the amplitude of the plateau, after 
reaching a maximum did not always decline 
uniformly with increasing age. Gurnang (2 age 
periods) and Sunny Corner (1 age period) show 
anomalous plateau increments (Table 3). 

Despite these anomalies, there are clear trends 
in the increment / density / age sequences of 
Figure 2 : the consistent inclusion of a plateau 
zone, a decline of the plateau amplitude with 
increasing age and decreasing site potential, and 
decline of the stocking of points P and C with 
increasing age. 

The gH)wth potential of a given site has been a 
very difficult parameter to measure directly and 
so conventionally has been indexed to stand 
height (Carron 1968, Wattl 1970, Sullivan and 
Clutter 1972, Husch, Miller and Beers 1972, 
McMullan2 1974, Ferguson and Leech 1976, 
Bailey and Ware 1983). However the 
development of site potential categories based on 
maximum or plateau basal area increment could 
be a useful site index since, like stand tree height 
it has been shown to be independent of stand 
stocking for a wide range of values. Further, 
plateau basal area increment can be approximated 
by the increment at critical point P, providing the 
scope for determining a model for site potential 
with age. Provided that a given stand stocking is 
relatively high (Le. above point P), plateau basal 
area increment can be estimated from point P. 
This will allow stands of variable stocking to be 
compared for site potential difference (Table 3). 

CONCLUSIONS 

By the method of partitioning Response 
Increment from total increment, the analysis of 
nine P. radiata plantation thinning experiments 
has shown that: 

a) Total increment consistently ~emained at a 
maximum value over a wide ra?lg~ ')f stocking 

1 ibid 

2 ibid 
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densities at each age (Le. a plateau zone has 
been identified) for a range of experimental 
sites. 

b) The basal area increment / stocking density 
pattern determined for this species comprised 
three zones, similar to the pattern postulated 
by Langsaeter (Figure 1). 

c) The basal area increment of the plateau zone, 
and the stocking at which it commences, 
generally decrease with increasing age and 
declining site quality. 

d) Two critical points on the total increment 
curve which relate to maximum stand 
productivity (point P) and optima~ piece size 
(point C) can be estimated from the response 
increment curve. These critical points 
objectively define the boundaries between 
Langsaeter's growth zones I and 11, and 11 and 
Ill. 

e) The increment of the maximum productivity 
point (P) is suggested as an alternative index 
of site potential for basal area growth. 
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