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SUMMARY

Cambial growth was measured \ryith dendrometers
on crop trees immediately after release in a nineteen
year-old stand ol Pinus pindster AIT. Measurements
covered residual stand densities ranging from 160
to 3l square feet basal area over bark per acre and
were replicated on the sites of both highest and
lowest productivity. For analysis, increments were
separated into four seasons of thtee months' duration.

Cirth response was immediate following release and
was three times greater for the 31 sq. feet residual
density class than for the 160 sq. feet density.
Significant diferences in seasonal growth between
years could be largely related to rainfall variability.
The maior period of increment was spring, and heavy
thinning improved cambial growth in both this season
and the drier period of the year. The greatest response
to heavy thinning was in the drier seasons.

Response to thinning in all density classes was
similar on both the best and poorest sites.



INTRODUCTION

In winter 1965 a basal area thinning serres was
established in a nineteen year-old stand of Pinr.t
pinaster AIT in South Lane Poole Block, Gnangara.
Prior to this treatment the stand, of original six by six
foot spacing, had received only a light cull thinning
during pruning operations.

The trial consists of five residual basal area treat
ments, viz. 160, lO7,'/1, 47 and,3l sq. feet basal area
over bark per acre replicated twice within each of
flve homogeneity blocks ranging from the highest to
the lowest site quality within the stand (Table 1).
Prior to thinning, the ten most desirable stems per 0.1
acre plot were marked for retention as a final crop.
Trees were removed to the prescribed basal area
residual giving first priority to the removal of stems
required to release the final crop. Second and third
objectives in thinning were to remove uldesirable
stems and to achieve uniform spacing over the plot

It will be five years before the released trees in the
lower stand density treatments will adequately re-
present their new environment. Initial results for the
trial will not be processed until this condition is
reached. Dendrometers were fixed to trees in certain
of the plots however, to complement previous studies
of the influence of season and stand density on
cambial development. This report presents results of
dendrometer measurements recorded during the thirty
month period immediately following rhinning,

STUDY METHOD

Aluminium girth band dendrometers were flxed at
height five feet to five final crop trees in each of the
thirty plots. Plot selection provided for two replica-

tions of the five stand density treatments in each of
three site blocks (Table l). In practice one piot was
banded incorrectly and a replicate for the 160 sq. feet
basal area over bark residual in Site III was not
available. For statistical analysis this density class was
omitted from all three site classes. The missing value
was computed and included in comparisons of re,
sponses by density classes within site blocks.

Measurements were made at tortnightly interyals,
commencing in November 1965 and terminating in
January 1968. Increment per period was recorded as
the sum of the increments on the five bands per plot.
Although this summation cannot be related precisely
to increment in basal area, it is adequate for the
purpose of this study, i.e. to determine trends of
cambial activity.

Results were analysed for each of the two years
January 1966 to January 1967 and January 1967 to
January 1968 and within each year the following three
monthly seasons were separated:

January 11
April 7
July 29
November 4

to April
to July
to November 4- C
to January 13- D

'7- A
2 9 B

RESULTS

Differences and means for main effects were found
to be highly significant, Interactions between site and
density (SxD), density within season (DxP) and
seasons within years (PxY) were also highly signi-
ficant. Differences between replications and other
interactions were not found to be significant.

Within the present study, the significant interactions
are of major interest.

TABLE 1
PLOT DISTRIBUTION MEASURED IN THE STUDY.

Residual
B.A.O.B.

sq. rr.

Replication 1 Rt plication 2

PIot
No.

Crop Tree
Ht. (ft.)

Plot
No.

Crop Tree
Ht. (ft.)

160
t01'71

4't
3 1

50

35
52

57.0
60.3

54.4

3 3
3

3 1
3 7

51.4
57.3
59.8
55.9
54.4

Site I

160
l0'7
7 l
47
3 1

1 6
2 l
40

49

50.5
55.6
53.1
53.5
52.3

1 8
23
8
7

5 1

49.5
55.9
53.4
54.O
53.1

Site II

160
107
7 l

3 l

27

20

47.0
48.8
44.1
49.0

4 l
29
6

30
1 9

47.4
48.2
42.9
46.1
46.9

Site III



Season

Data summarizing the seasonal variation measured
within years and density classes are contained in
Tables 3 and 4.

The highly significant interaction for seasons within
years and seasons within density classes are associated
with season variat ion in rainfal l  (Fig. 1). In 1966 rain
fal l  was only 24 inches as opposed to 37 inches in
1967 (Table 5). lncrement in the 1966 A period
(Table 3) fol lowed 3.5 inches of rainfal l  in the pre-
ceding two months, while the lower increment of the
1967 A period fol lowed only 1.I inch of rainfal l  in the
preceeding two months. The relat ively higher growth
for the 1967 B period is also associated with a higher
precipitat ion of 28 inches (Table 5) compared to 16
inches for the corresponding 1966 B period. Both
increment and rainfal l  are comparable in the C-
periods. Relat ively higher incrcment in the 1967 D
period is again associated with higher within season
and total year precipitation.

1 4  I  7 i 4  n i  4 l t  L : l
stAs0N

FrcuRE l: Progressive girth increment of a fnal crop
ttee Ior e.xtrenlet ol site and stand density classes.

The most favourable period for growth was period
C (spring). The percentage relationship between the
increment for growth in this period and the total
yearly growth within the 101,'11,4'l and 3l sq. feet
residual basal area over bark classes (Table 4). 52.

Density Site

160 sq. ft. 0.66
107 sq. ft. - 0.74

TABLE 2
MEAN VALUES OBTAINED FOR THE MA]N EFFECTS.

52, 49 and 42 respectively, indicates that heavy
thinning has part icularly favoured growth in the
drier seasons of the year. This possibi l i ty is substan-
tiated by examining the relationship between incre,
ments of the 107 sq. f t .  and the 3l s.-1. f t .  density
classes in Table 4. By seasons the values are 35,39.
50 and 29 per cent respectively. The increment
advantage of the heavily thinned stands is greater
during the summer (periods D and A) and autumn.
Apart from this beneficial interaction with season.
heavy thinning also has a very real eflect on growth
of final crop trees during the most favourable
growing season (C).

Stand Dcnsity

Increment increased progressively with increase in
thinning intensity (Tables 4 and 6) and cambial growth
for the 31 sq. f t .  basal area over bark residual was
almost treble that of the 160 residual (Tab1e 6). The
highly significant interaction obtained for density by
site class is associated with abnormally high incre-
ments in the I07 antl  3l residual densit ies in Site I IL
The cause of these high values may be traced to two
unrepresentative plots amongst the eight of this site
Sroup included in the analysis. l t  is expected that
these apparently abnormal values wil l  be adequately
buffered by the increased repl icat ion in future analysis
ot the lvhole thinning series. For the present the
possibi l i ty that a greater thinning response occurred
on the poorer site cannot be proved incorrect.

Al lowing for the probable abnormali ty of these
two plot values it is still evident that the response to
thinning fol lows a similar trend for al l  si tes (Fig. 1).

The increase in radial growth with heavier thinning
is not consistent between density classes. In practice
the five treatment densities were obtained by reducing
each progressively by one,third. From data in Table
6 the increment advantage between classes can be
computed as fol lows:

( i)  Reduction of 160 to 107 sq. f t .
= 14 per cent increase on 160

(i i)  Reduction of 107 to 7l sq. f t .
= 3l per cent increase on 107

(i i i )  Reduction of 7l to 47 sq. f t .
-  53 per cent increase on 7l

( iv) Reduction of 47 to 31 sq. f t .
= 24 per cent increase on 47

Season Year

=  1 6

= L.tr

=  ̂ .

'71
I .
II.1 . 0 6

41 sq. ft. 1.50
31 sq .  t t .  -  1 .86

3 1  S Q  F T  B A . 0 !

2 ' m i  s Q  r r  o e o e .

RESULTS ARE EXPRESSED IN INCHES OF GIRTH INCREMENT PER TREE PER ANNUM.

A  0 . 1 4
B - 0.22

c - 0.62
D 0 .32

t966 1.20
1967 - 1 .39I I r .  -  1 .15



Year

1966
1967

TABLE 3
AVERAGE GIRTH INCREMENT IN INCHES OF A FINAL CROP TREE

FOR SEASONS WITHIN YEARS.

2 9 1 7  . 4 1 1 1 4 1 1 1  . 1 3 1 1
D

Total

0.60

0.63
0.26
0.37

1.20

1 . 3 9

TABLE 4

AVERAGE GIRTH INCREMENT (INCHES) OF A FINAL CROP TREE

WITHIN DIFFERENT STAND DENSITIES BY SEASON.

TABLE 5
DTSTRIBUTION OF RAINFALL ONCHES) IN THE TWO YEARS UNDER STUDY.

Stand Density
B.A.O.B.

sq. ft.

Season

t 4 l t  - " 1 l 4 7l4 . 2911
B

29l" t  .411r
C

4l l t  -  1311
D

107
'71

3 1

0.08
0 . 1 I

0 .18
0.23

0.13
0 . 1 7
0.23
0.33

0.39
0.55

0.73
0.78

0.15

0.23
0.36

0.52

wet Days Total Total

J a n u a r y  0 1 0 . 0 0  I
February 2 0.10 I 0.54 l
V a r c h  1 l  0 . 4 4  I  l 2

l : I ;, 'J 57s ii
17 6.43

August  l l  2 .05  |  14
September I 12 1.5 | 1.Oi 3
Oc lobe r  8  I  l . 5 l  5

N o v e m b e r  l  0 . 5 8  l l  0 . 4 6
D e c e m b e r I 0 . 5 5 r ' r r l q 1 . 0 2 ] r ' + d

0.r  8
0.23
0.33

2.68
1  1 . 5 1
8.09
5.64

4.10
1.32
1 . 5 3

0.46
1.02

TABLE 6
AVERAGE GROWTH INCREMENT OF A FINAL CROP TREE WITHIN DENSITY CLASSES

FOR THREE SITE CONDITIONS.

Site GroupDensity Class
B.A.O.B. sq. ft.

Per Acre
Mean

Percentage
of 160 sq. ft.

Density

160
t0'I'71

3 1

0.'16
0.78
1.O4
1.'74
2.06

0.61
0.71
1.02
1.52
1.',79

0.61
0.15
0.87
1.25
r ; 15

0.66
0.75
0.98
1.50
1.87

100
I  l 4
148
228
283



These results suggest that the optimum early
response of final crop trees is obtained in thinning
from the 7l to 47 sq. ft.

DISCUSSION

Response of the final crop selection to thinning has
been immediate. During the first summer period, six
to nlne months following release, increment by
density classes was 0.13, 0.17, 0.26, 0.31 inches for
the 107, 71, 47 and,3l sq. ft. residual densities. Both
in the present and previous studies, this response can
be directly associated with increased availability of
soil moisture.

FIoURE 2: Vaiation ol inctement ol a final crop tree
tr)ith progressive time since rclpase,

It is anticipated that the superiority of the heavily
thinned stands over the lighter thinning will increase
as the trees increase crown and root volume to fully
utilize the growing space. For the second summer of
record, increments for the density classes were 0.02,
0.04, 0.09, 0.15 inches respectively, trebling the
previous advantage of the 3l sq. ft. density over the
i07 sq. ft. density. Although this large increase musr
be mainly attributed to greater differences in water
availability in the exceptional 1967 summer drought,

it probably also reflects increased crown and root
development of the 3l sq. ft. stand during the two
year period (Fig. 2). Experience with the species has
shown Pinr,.r pinaster to have a remarkable facility
to rebuild crown, with release, from practically any
detrimental stand condition.

The reliability of increment during the spring and
the fact that this season is the major period of growth
has been demonstrated in previous studies for both
height and cambial growth. Within the Mediterranean
type climate of Western Australia and with the
particular growth habits of the species, it is further
evident that a potential for increment during the dry
season can be obtained by adjusting water availability.
The cumulative increase of the average f,nal crop tree
with seasons is summarized for density classes and site
groups in Figure 1.

Results indicating that thinning responses on poor
sites were at least of the same order as those for the
same densities on good sites, were not entirely ex,
pected. The finding suggests that thinning prescriptions
to a fixed basal area residual can be satisfactorily
standardized for plantatioi compartments irrespective
of the site quality distribution. Furthei, the reslrlt
indicates that treatment of poor sites can salvage a
final crop of reasonable size class, if this policy is
warrarted.

Site classes sampled within this study represent the
highest (Site I) and the poorest (Site III) present
within the study area. Site Il was the second mosl
productive homogeneity group formed in the plot
stratification.

Results obtained separating the major period of
cambial activity, relating thinning response and water
availability and demonstrating the need for thinning,
substantiate previous work carried out in unreplicated
plots. The advantages gained in the present study
are verification of the previous work over a wide
range of thinning densities and the tie in of data with
general plantation conditions. Increment responses for
standard density levels over the entire range of site
conditions have not been previously obtained.

CONCLUSIONS

The study has shown that response to thinning in
Pinus pinaster is rapid and of considerable extent
under all site conditions. Increment responses to
thinning immediately following release are directly
related to increased water availability.
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