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ABSTRACT 
Comparisons between well-watered and experimentally droughted trees of 

identical genotype, over a period of 5 years, showed that height and diameter 
growth of unstressed trees continued throughout the year at Rotorua, N.Z. Height 
increment attained maximum levels during October/November, followed by a 
peak of cross-sectional-area growth in February, and a secondary peak of height 
increment during March/April. 

Drought imposed during winter/spring reduced height growth considerably 
during late spring, resulting in an apparent shift of peak growth; while summer/ 
autumn drought virtually eliminated the secondary peak of height increment. 
Cross-sectional-area increment was most strongly reduced by imposed drought 
during the summer and autumn, and showed marked but over-compensating 
rehydration responses following removal of drought stress. However, the adverse 
effects of sustained drought on height increment continued for some time after 
rewatering. Effects on bud and shoot development are also discussed. 

INTRODUCTION 
The intermittent nature of both height and diameter increment is now generally 

recognised (Kozlowski, 1964). Pinus radiata provides no exception to this generalisation, 
either in relation to diurnal/nocturnal patterns (Fielding and Millett, 1941) or when 
growth is measured over an interval of several days. However, it has long been apparent 
to foresters that there are several anomalies in the seasonal growth pattern(s) of P. 
radiata: that while it may in some regions exhibit a distinct period of dormancy, with 
an associated resting bud (e.g. in the south of New Zealand, or in South Australia— 
vide Fig. 1), yet it does not invariably conform with the pattern of a long dormant period 
and brief period of rapid spring/summer growth, so characteristic of most of the tem­
perate zone species (Kozlowski, 1964) that have been introduced into New Zealand. 
Thus, in Hawaii vegetative growth of P. radiata is continuous throughout the year, and 
flowering almost so (Lanner, 1966), while in northern New Zealand both height and 
basal area increment may be almost continuous (Fig. 1). In Australia, Fielding (1955) 
considered that P. radiata has both the "potential of growing in height virtually through-
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m MT. BURR, S. AUSTRALIA (Pawsey, 1964) 

• WHAKAREWAREWA, N.Z. (Hinds, unpub.) 

O WHAKAREWAREWA, N.Z. (Hedderwick, 
unpub.) 

• MT. BURR, S. AUSTRALIA (Pawsey, 1964) 

# KAINGAROA, N.Z. (R. W. Jackson, 1969) 

FIG. 1—Monthly increment for P. radiata recalculated as percent of annual total: seasonal 
curves for South Australia (trees 11-20 years old) and New Zealand (Kaingaroa 
trees 3-6; Whaka trees 13-16 and 38-40 years old). 

out the year" and a "capacity to make diameter growth at any season of the year, provided 
moisture and temperature conditions are not limiting". These observations are supported 
by Bollmann (1974) in a recent morphological study of polycyclic activity in the species' 
apical bud and by the demonstration of cambial activity during midwinter (Barnett, 
1971). 
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The question of whether the endogenous pattern for P. radiata is, or is not, recurrent 
has important implications for our understanding of environmental influences on growth, 
and in considering practical and experimental means of manipulating productivity. Thus 
Kozlowski (1964) provides a summary of the many patterns of shoot growth apparent 
among woody species. His survey indicates that whereas growth of those species with 
primordia of the axial extension already predetermined in the resting bud are mainly 
influenced by weather of the season prior to shoot extension, those with recurrent bud 
formation and growth are more influenced by current weather conditions 

The responsiveness of stem dimensions (by shrinkage) to periods of temporary 
water stress is now well documented (Fielding and Millett, 1941; Van Laar, 1967) and 
there is abundant experimental evidence (MacDougal, 1938; Fielding and Millett, 1941; 
Waring, 1971) as well as circumstantial data for the depressive effect of drought on 
diameter growth. Fig. 1 A illustrates these feaures for monthly d.b.h. increment at 
Mt Burr, South Australia and at Whakarewarewa, N.Z. Fielding and Millett (op. cit.) 
considered that the secondary period of autumn diameter growth at Mt Burr was con­
tingent on the occurrence of autumn rains, since the only clearly defined period of 
diameter growth at Canberra was during the spring. In both localities bursts of growth 
may follow heavy rain during summer and autumn, and Cremer (1972) has demonstrated 
the rapidity with which P. radiata may resume diameter growth after an extended period 
of drought. As shown by more comprehensive data of Pawsey (1964), the summer 
reduction of cross-sectional increment is less apparent at higher levels in the green crown, 
and Fielding (1955) states that any cessation occurs later there than at lower levels in 
the stem. 

There is also circumstantial evidence for effects of annual weather variations on 
height increment (Fig. 1 B), although Fielding (1955) recorded that it had not yet 
been possible to relate them definitely to such differences. He characterised the pattern 
of apical extension of seven-year-old trees near Canberra by a period of rapid spring 
growth, followed by negligible or very slow extension during the rest of the year. He 
also remarked that the only period when all terminal shoots could be considered dormant 
was for a few weeks following the spring growth flush, although the timing of this 
varied (between individuals and between years). Laughton (1937) similarly mentioned 
the burst of growth in spring, usually reaching a climax during September to November 
(in South Africa), and he maintained that soil-moisture was the factor governing the 
duration of this period of rapid growth; while Cremer (1973) found that up to 38% 
of the annual height growth could occur during January to June, but was strongly related 
to the current intensity of drought. Finally, Lanner (1966) discusses examples of con­
tinuous height growth by P. radiata in the tropical climate of Hawaii (viz. individuals 
with a "fox-tailing" habit) and presents data indicating that the frequency of such 
individuals is markedly increased by high rainfall, while the habit is curtailed by drought. 

These interpretations are supported by the obvious differences between the patterns 
of growth in the summer-drought climates of Australia, and the considerably more humid 
climates of New Zealand (cf. Fig. 1). However it is necessary, in comparing such data 
from different regions, to temper the interpretation by several qualifications. These relate 
to the changes of phenotypic expression that occur as a. tree ages, and also the very 
marked differences in seasonal growth pattern between different genotypes. Samples of 
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a few trees are likely to differ substantially in regard to mean phenotypic expression, 
even from within one local population, and Kozlowski and Ward (1961) consider that 
the endogenous pattern for different genotypes is frequently so different that it is wholly 
misleading to average them. 

For these several reasons, the experiment reported in this paper was designed around 
a series of treatments imposed on trees of identical age and genotype. It was assumed, 
from the outset, that there would be large clone X treatment interactions, and in the 
layout of the experiment clonal effects were deliberately confounded with anticipated 
positional effects in the plantation. This was done for reasons of economy, since the 
main objective was to determine the effect of seasonal water deficits on the common 
growth pattern of the selected genotypes. 

METHODS 

The experiment was established at the Forest Research Institute, Rotorua, during 
early August 1967, when individual evapotranspirometer units of 2.72 m3 capacity 
(spaced at 4 m X 5 m) were planted with two 27-month-old rooted cuttings of one 
of three clones (FRI Nos. 450, 451, 460). These ramets were derived from 12-month-old 
grafted material off 6-month-old seedlings sown in the Forest Research Institute nursery 
in October 1963. During the 1967-68 growing season all units were maintained in an 
unstressed condition, in order to maximize growth, and in June 1968 one tree of each 
pair was removed from each unit, to secure uniformity throughout each clone. The 
treatment sequences were then begun. 

The basic pattern imposed was a simple 2 X 2 factorial, combining drought v. no 
drought with seasonal incidence, i.e. winter-spring v. summer-autumn. There were thus 
four treatments, defined by the annual pattern of drought, as follows: 

(nil) — N O DEFICIT: free access to rainfall throughout the year, 
(w s ) _ WINTER/SPRING DEFICIT: No rainfall access from June to November 

inclusive; 
(sa) _ SUMMER/AUTUMN DEFICIT: No rainfall access from December to 

May inclusive; 
( w s s a ) _ YEAR-ROUND DEFICIT: Rainfall excluded throughout the year. 

During the 6-month period when any particular unit was not scheduled to be on 
a deficit, the level of soil moisture was allowed to fluctuate in accordance with the amount 
of rain falling on the 1.49 m2 cross-section of the evapotranspirometer. During natural 
drought periods, however, it was necessary to maintain the contrast between treatments 
by supplementary watering to sustain a minimum soil moisture level of about 40% by 
volume, with a corresponding soil water potential of -0.5 bars. For the units on a current 
deficit regime, rainfall was totally excluded by covering the surface of the unit with 
polythene sheeting, sealed around the base of the tree. Interception of rain by the crown 
was not prevented. In order to prevent trees dying during periods of intense evapo-
transpiration, particularly those on the (wssa) regime, k was necessary to specify a 
minimum soil moisture level that should be maintained. This was set at 15% by volume 
(with a corresponding s.w.p. of -10 bars), but occasionally the droughted units acciden­
tally became drier than this. The amount of surface water to be applied to any unit 
was calculated by a water-budget (Jackson, Gifford and Hobbs, 1973), which was 
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balanced for every 2 cm of open-tank evaporation. Readjustments were made as neces­
sary, when indicated by routine weekly monitoring of soil moisture content with a 
neutron probe, using the access tube installed in each unit. Fig. 2 illustrates typical 
soil-moisture profiles for each month during the final year of the experiment, and Fig. 3 
represents a diurnal series of measurements of leaf water potential for each treatment, 
grouped by individual clones. 

In order to prevent treatments producing a cumulative effect (analogous with that 
resulting from climatic differences), they were interchanged in successive years according 
co a cross-over design, which would also permit the analysis of after-effects due to 
treatment in the preceding year. With 3 replications (comprising 4 trees of each of 
3 clones) the annual sequence of treatments became: 

CLONE: 

UNIT NO. 

REPLICATION 

450 

3 

1 

2 

4 

460 

6 

7 

8 

10 

451 

22 

20 

18 

21 

1968/69 

(nil) 

(sa) 

(wssa) 

(ws) 

YEAR i 

1969/70 

(ws) 

(wssa) 

(nil) 

(sa) 

\ N D TRI 

1970/71 

(wssa) 

(ws) 

(sa) 

(nil) 

iATMENl 

1971/72 

(sa) 

(nil) 

(ws) 

(wssa) 

1972/73 

(sa) 

(nil) 

(ws) 

(wssa) 

Each clone was regarded as a block (thus deliberately confounding genotype and 
positional block effects). Within clones each treatment sequence was allocated at random 
to any particular unit, and these were randomly located within blocks. 

Height growth of each tree was measured to the nearest cm every 10 days from 
May 1968 until 1972, when for practical reasons the intervals were extended to 30 days. 
Until May 1969 the trees had been too small to instal dendrometer bands, but after 
this date girth increment at breast height and stump height (15 cm above soil-level) was 
also measured to the nearest mm at 10-day intervals. On termination of the experiment 
in June 1973, the trees were harvested and sectioned for a complete dry-matter analysis 
of the crowns, stems and root-systems. Prior to foliage stripping, the longest branch 
and that nearest to the mean in each branch cluster were repositioned on the stem against 
a metre-square grid, to provide a permanent photographic record of each tree (See 
Figs. 4, 5, 6). Stem cross-sections were also taken at stump, at breast-height and at 
the point reached by the terminal bud in June each year. A photograph of the breast-
height discs of all 12 trees is provided by Fig. 7. 

RESULTS 

Absolute monthly values of height and cross-sectional increment for each unit are 
tabulated in Appendix 1. A visual representation of the annual increments, together 
with their associated treatment regimes, is also provided by Figs. 4, 5, 6 and 7. It is 
apparent from these figures that there are considerable absolute differences in the amount 
of annual increment between clones and between years. In order to reduce these influences 
on the analysis, all monthly increments are expressed as percent of the mean annual total 
for the pertinent clone in each year. 

The first year's data were discarded, because the trees were still too small to measure 
cross-sectional growth accurately enough and because the main purpose of the 1968/69 
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FIG. 2—Soil moisture status for each month during the final growing-season, showing 
grouping by treatment and transitional effects of treatment interchanges in 
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FIG. 3—Comparison of diurnal leaf water potentials between treatments on 28 March 1973, 
and at 0800 hours the following morning. 

treatments was to balance the design for treatment after-affects as well as direct effects 
in the four following growing-seasons, from June 1969 to May 1973. 

Then, denoting each of the four treatments by subscript i, each of the four growing-
seasons by ; and each of the three clones by k, let: 

lijJc = increment in any month for a particular treatment/clone combination in 
year j 

G = overall total of 48 increment values I;/fc in any month 

T^ — total of increment values for treatment / in the current year 

Ai = total of increment values for years preceded by treatment i 

Pj = total for year ; over all treatments and clones 

Q = total for clone k over all treatments and years 

CTM; = total for clone k in each year subjected to treatment i 

CAifc= total for clone k in years preceded by treatment i 



UNIT 1 UNIT2 UNIT 3 UNIT 4 

FIG. 4-Form and branching habit of each unit in Clone 450 on termination of experiment (June 1973) Position of ter­
minal bud at beginning of June in each year is marked by dotted line, together with' intervening treatment 
regimes. Background grid is 1 m x 1 m. " 
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FIG. 7—Patterns of false rings and relative cross-sectional increment at breast-height for 
each regime of seasonal drought throughout the experiment. Numbers denote unit 
identity. 

The analysis of variance of effects on increment in any month was then calculated 
as follows: 

SOURCE OF VARIATION d.f. SUM OF SQUARES 
Between clones 2 (3 2 Q 2 - G 2 ) / 4 8 

Treatments: 
Direct effects 

T * C interaction 

After-effects 

A * C interaction 

Between years 

Residual error 

TOTAL 

Each of the direct effects 

3 

6 

3 

6 

3 

24 

47 

(42T,-2-G2)/48 

(12 2 CT«.2 - 4 2 T,-2 - 3 2 C,,2 - 3 G2)/48 

(4 2A ;
2 -G 2 ) /48 

(12 2 C A ; „
2 - 4 2 A i

2 - 3 2 Q 2 - 3 G 2 ) / 4 8 

(4 2 P / - G 2 ) / 4 8 

Difference 

2V-GV48 

is associated once with each of the after-effects of treatment 
in the preceding year, and each of these after-effects is associated once with each of the 
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direct effects in the succeeding year. Thus, given the orthogonal comparisons: 

(X2 + X 4 - X 1 - X 3 ) 2 / 4 8 : (WS) EFFECT 

(X3 + X 4 - X 1 - X 2 ) 2 / 4 8 : (SA) EFFECT 

(X1 + X 4 - X 2 - X 3 ) 2 / 4 8 : INTERACTION (WSxSA) 

these may be used to subdivide the treatment sum of squares for direct effects (Xj = 
Ti), freed from the influence of treatments in the preceding year, or for after-effects 
(Xi = Ai), from which the influence of current year treatments upon increment have 
likewise been eliminated. Each of these comparisons will have but one degree of freedom, 
The appropriate test of significance is provided by the treatment/clone interaction, with 
six degrees of freedom. No provision is made for testing for differences between clones 
or between years. 

Results of the analysis for each month, in the form of partitioned sums of squares, 
are tabulated in Appendix 2 for height and cross- sectional area increment separately. 
The three degrees of freedom for treatments are further broken down into the variances 
attributable to each of the orthogonal comparisons. When these are tested against the 
appropriate treatment/clone interaction, the significances of the corresponding F ratios 
for direct effects may be tabulated for each month as in Table 1. 

DISCUSSION 

Cross-sectional Increment 
It is obvious from Fig. 8A, and statistically confirmed by Table IA, that cross-

sectional increment is highly vulnerable to current moisture stress during the period 
December through April. This coincides very neatly with the evidence summarised 
earlier, particularly Pawsey's curve for Mt Burr (Fig. IA). It may be noted in this 

TABLE 1—Significance of effects of seasonal water deficits on monthly increment, expressed 
as percent of total for the year 

(A) Direct effects on Cross-sectional Increment 

S O N D J F M A M 

** NS ** . ** NS NS NS NS NS 

NS NS * ** ** ** ** ** NS 

NS NS * * NS NS NS NS NS 

S O N D J F M A M 

** NS ** NS NS NS NS NS NS 

NS NS NS * NS ** ** ** ** 

NS NS NS NS NS NS NS * NS 

J J A 

(WS) EFFECT: NS NS * 

(SA) EFFECT: NS NS NS 

INTERACTION: NS NS NS 

(B) Direct effects on Height Increment 

(WS) EFFECT: 

(SA) EFFECT: 

INTERACTION: 

on 1 and 6 d i . N.S. denotes not significant. 

J J A S 

NS * * ** 

NS NS NS NS 

* NS NS NS 
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connection that the mean rainfall aggregates for June-October and December-April 
are 447/213 mm at Mt Burr and 678/579 mm at Whakarewarewa. Highly significant 
reductions of increment may also be produced by drought during September and 
November, and, to a lesser extent, in August. This, again, is well in accord with Waring's 
(1971) statement that annual basal area increment was closely correlated with rainfall 
during September through April, and that it will cease any time after November if 
precipitation becomes inadequate. However, it is evident that the spring/early summer 
phase of the endogenous cycle of cross-sectional development is much less readily modi­
fied in spring/early summer than later in the growing-season, and that the magnitude 
of any reduction is less. It is questionable how much of the apparent reduction during 
August and September is in fact due to diminished cambial activity and growth or 
whether it is mainly attributable to tissue dehydration. The very large surge in cross-
sectional area that occurs between November and December following rewatering of the 
previously drought-influenced (ws) treatment must be mainly due to rehydration. More­
over, it is adequate to account for most of the accumulated loss during the preceding 
five months, and the substantial increase of (ws) over the (nil) regime in the ensuing 
three months (January, February and March) must be due to increased growth. 

This is a curious result, and would appear to indicate that a rainfall regime with a 
dry spring and wet summer and autumn is more favourable for maximum basal area 
increment than one with good rainfall distributed throughout this period. 

The decrements of cross-sectional area that have been frequently reported by earlier 
investigators as occurring during summer drought, show up only once in the data (in 
January 1973 for Unit 21), although there are several occurrences for the (ws) and 
(wssa) regimes in June and July. Haasis (1932) recorded similar shrinkages in the spring 
of 1931, and Fielding and Millett (1941) state that they are not uncommon during spring 
and autumn at Canberra. However, such decrements were more frequent in the original 
data, measured at 10-day intervals: over a 30-day period such temporary shrinkage due 
to tissue dehydration is more readily masked by the continuing trend of growth. The 
best evidence for such episodes of stress is provided by Fig. 7, which represents the 
appropriate treatment, as applied, against each annual ring. Inspection of this figure 
reveals the exact coincidence of repeated false rings with the periods of water-stress 
(cf. Shepherd, 1964), regardless of whether such occurred during the winter/spring or 
summer/autumn. 

The occurence of a significant (sa) effect in November, prior to> actual imposition 
of this treatment, is regarded as a fortuitous result of the analysis. 

Inspection of the corresponding curves in Fig. 8 shows that most of this effect is 
in fact associated with the year-long deficit (wssa). Moreover, November is the month 
when height increment culminates and there appears to be a concurrent slight downturn 
in cambial activity. It is possible that this would be accelerated by the (wssa) treatment. 

Height Increment 

Fig. 8B and Table IB indicate the highly significant effects of current rainfall deficits 
on height increment during September, November and the four successive autumn months 
February to May. Although the analysis indicates that the October differences are not 
significant, the trend is obvious from the graph (Fig. 8B), and the F ratio for (ws) 
effects, at 5.66, is in fact very close to being significant. Examination of the partitioned 
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PERIOD OF (ws) DEFICIT PERIOD OF (sa) DEFICIT 

FIG. 8—Monthly increment percentage means for each treatment over all four years of the 
analysis. Absolute differences between clones and years are eliminated by expressing 
values as a percentage of total growth of each clone for the year. 
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sums of squares (S.S.) for October, in Appendix 2B, shows that the reason for this 
apparent anomaly is the exceptionally high error term (in relation to the treatment 
S.S.) — indicating that variation among the clones was greater than usual in this month. 

Three particular features of the height increment curves demand comment: 
(1) The very strong reduction of height increment during November, resulting from 

a current winter/spring rainfall deficit, and the consequent shift in the primary peak of 
growth. Such a shift is particularly apparent in the curve of height growth for Mt Burr 
(Fig. IB), indicating a corresponding deficiency of rainfall even so early in the growing-
season. 

(2) In marked contrast to diameter increment, apical extension failed to 'pick-up' 
again until February, following the release from water deficits at the end of November. 
The negative effect of (ws) deficit on increment in December is very nearly significant 
(F = 4.80). 

(3) The secondary peak of height increment during March/April, and its vulnerability 
to concurrent drought. Notwithstanding Kozlowski and Ward's (1961) caution that an 
apparent midsummer depression is frequently attributable to the averaging of curves of 
intrinsically different form, there is evidence that it is a genuine characteristic of the 
annual cycle of extension growth in P. radiata. Thus Fielding (1966) commented that 
the rate of height growth tended to be minimal during the late summer (in southern 
Australia), and cited Pawsey's data showing that periods of nil height in all of the 
sampled trees occurred only during the summer. In the New Zealand provinces of 
Hawke's Bay and Canterbury, which are similarly prone to late summer/autumn drought, 
foresters are familiar with this as the typical pattern. Much of the confusion over the 
reality or otherwise of the double-peaked height growth curve is due to the fact that it 
is not invariable, but apparently subject to influence within the current growing-season. 
This raises some interesting questions about the nature and extent of development of the 
primordia within the terminal bud, which will be discussed in the final section below. 

After-effects of Treatments 

An orthogonal comparison among the factorial effects is presented in Table 2, with 
the significant values indicated by parentheses. There are, in fact, only four significant 
effects. One would be inclined to dismiss them as a statistical consequence of the criteria 
used in validation, were it not for the obvious consistency of the analysis for the (sa) 
effect. This is interpreted as indicating a positive effect of summer/autumn drought on 
cross-sectional increment during the following September through April, and a con­
sistently negative effect on height increment for the 10 months (June until March) 
immediately ensuing. This negative influence is particularly apparent in the increment 
for the following December. 

Bud and Shoot Development 

An hypothesis that Pinus radiata is a polycyclic species (Bollmann, 1974) with an 
indeterminate period or periods of quiescence, would seem to provide a simpler basis 
for interpreting the various modifications of pattern that occur, than Cremer's (1973) 
postulate that the regular, determinate annual pattern of the subordinate shoots is basic 
for this species. Although this corresponds more closely with the 'typical' cool-temperate 
sigmoid pattern of seasonal development, the latter is usually very stable when trans-



No. 3 Jackson, Giflford & Chittenden—Drought and Increment of Pinus radiata 281 

TABLE 2—After-effects of water-deficits during the following growing-season 

(A) After-effects on Cross-sectional Increment 

J J A S O N D J F M A 

(WS) EFFECT: —1.25 —2.97 1.32 —2.67 —0.34 —0.96 0.37 —0.05 —0.16 —0.58 0.61 

(SA) EFFECT: 0.68 1.84 —0.52 2.07 ((2.58)) 1.53 2.64 2.02 (3.37) 1.45 1.66 

INTERACTION: 0.68 2.04 0.19 0.60 ((2.26)) —0.10 —0.19 —1.02 —0.01 1.67 —1.09 

(B) After-effects on Height Increment 

J J A S O 

(WS) EFFECT: —1.23 0.09 —0.75 —1.96 0.39 

(SA) EFFECT: —1.65 —0.67 —3.96 —1.15 —3.20 

INTERACTION: —0.46 0.57 1.33 2.53 0.75 

on 1 and 6 d.f. 

planted to alien climatic regimes. Thus Lanner (1966) records that, while several such 
representative species {Pinus echinata, P. sylvestris, P. ponderosa, P. pinaster) retained 
their distinctive dormant season in Hawaii, P. radiata was "unusual in having no defined 
dormant season". Evidence has been provided that it retains this capacity for recurrent 
activity in the most diverse climates. 

While concurring with Cremer's (1973) statement (regarding the leading bud) that 
"new internodes may be initiated through most or all of the year. The complete annual 
shoot is certainly not present in condensed form in the overwintering bud", it is still 
an open question whether the primordia in the bud at mid-winter represent the first cycles 
of a new series, or the last of the old. Bollmann (op. cit.) indicates that the cycle of 
apical initiation begins in late spring (i.e. September/November, depending on genotype) 
and continues through the following winter, even into July or August. There is con­
siderable genotypic variability in the timing of growth flushes and of periods of reduced 
growth, but in colder climates and in cooler years a greater proportion of the population 
appears to exhibit winter dormancy, and for a longer period. Typically, for an individual 
forming 3 or 4 clusters of branches in a year, extension-growth is seldom, if ever, more 
than 1 or 2 cycles behind initiation. Thus, both initiation and extension may be 
influenced by weather within the current season. However, although we have repeatedly 
observed the omission of complete branch clusters from the seasonal sequence for a 
particular genotype, our data regarding the influence of water stress were conflicting. 
Thus, Fig. 9 shows the omission of branch clusters in two successive years for the 
stressed ramets of Clone 451, but comparison with the corresponding ramets of Clone 450 
(i.e. Units 1 and 4 of Fig. 4) shows exactly the opposite effect. Other examples may be 
found by comparing Figs. 4, 5 and 6. Such modifications of the basic pattern could be 
produced by one of several currently accepted mechanisms, involving competition be­
tween meristematic tissues in dominant and subordinate shoots, particularly under 
conditions of water or nutrient stress, or correlative inhibition by growth-substances; 
but it is evident that there is no simple correlation with water-stress. 

M 

1.49 

-0.26 

1.52 

N D J F M A M 

—3.13 0.05 —0.35 1.34 3.70 —1.44 —1.75 

—2.20 ((—7.64)) —2.68 —1.41 —3.00 3.29 —1.25 

7.05 —0.92 0.25 —1.14 0.38 —2.12 —2.09 

( ) Significant at 5% level 

(( )) Significant at 1% level 
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JISliT U N I T 

FIG. 9—Showing omission of clusters of lateral branches in summer 
of 1972 and again in summer of 1973 for Unit 20 of clone 451. 
Corresponding branch clusters are linked across the figure. 
Photographed on 5 March 1973. 

In sum, it is considered that such polycyclic development, combined with a capacity 
for continuing cambial development during midwinter, permits unusually flexible 
responses to environmental fluctuations, and accounts for the markedly different patterns 
of seasonal growth that have been reported for Pinus radiata. 
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APPENDIX 2: Analyses of Variance for Monthly Increment: Tabulated Summary of Partitioned Sum of Squares 

(A) EflFacts en Cross-sectional 

Sourca of variation 
Between clones 
Direct treatments 
T * C Interaction 
(WS) effect 
(SA) effect 
Interaction 
Treatment afterf-effects 
A * C Interaction 
(WS) effect 
(SA) effect 
Interaction 
Between years 
Residual 
Total sum of squares 

(B) Effects en Height 

S&urce of variation 
Bstween clones 
Direct treatments 
T * C Interaction 
(WS) effect 
(SA) effect 
Interaction 
Treatment after-effects 
A * C Interaction 
(WS) effect 
(SA) effect 
Interaction 
Between years 
Residual 

J 
7.57 
3.98 
7.40 
1.38 
0.32 
2.28 
7.52 
6.82 
4.71 
1.40 
1.40 

133.5 
51.0 

217.8 

increment 

J 
8.38 

57.5 
47.3 
45.7 
9.52 
2.30 

49.1 
38.0 
26.5 
10.2 
12.5 

200.4 
193.7 
594.5 

Increment 

J~~ 
6.37 

29.0 
15.9 
1.57 
1.21 

26.2 
13.4 
37.4 
4.52 
8.20 
0.64 

195.9 
37.1 

J 
10.9 
25.7 
9.88 

22.4 
0.02 
3.26 
2.37 

10.1 
0.02 
1.36 
0.98 

56.5 
38.6 

A 
5.07 

15.9 
6.49 

10.9 
4.78 
0.25 
6.18 
9.59 
5.27 
0.81 
0.11 

14.14 
80.9 

138.3 

A 
4.43 

38.7 
14.2 
21.2 
8.37 
9.13 

53.9 
47.8 
1.68 

47.0 
5.30 

215.4 
137.0 

S 
0.78 

47.4 
5.72 

43.2 
0.85 
3.41 

35.4 
28.6 
21.4 
12.9 
1.07 

109.7 
81.0 

345.5 

S 
18.6 

137.1 
36.9 

110.3 
4.73 

22.1 
34.6 

100.5 
11.5 
3.95 

19.2 
100.8 
360.8 

O 
9.47 
6.14 

11.51 
4.06 
1.96 
0.12 

35.7 
5.09 
0.35 

20.0 
15.4 

363.4 
57.8 

489.1 

O 
266.7 
159.4 
141.9 
134.0 
25.1 
0.37 

32.9 
97.0 
0.45 

30.8 
1.67 

226.7 
315.6 

N 
15.0 

129.1 
7.48 

104.7 
14.1 
10.3 
9.82 
7.07 
2.76 
7.02 
0.03 

69.2 
79.3 

317.1 

N 
38.9 

990.3 
218.6 
967.7 

0.91 
21.6 

193.2 
84.4 
29.5 
14.6 

149.2 
317.5 
311.5 

D 
3.83 

432.7 
18.0 

148.3 
255.7 
28.7 
21.5 
27.8 
0.41 

21.0 
0.10 

104.9 
129.7 
764.3 

D 
43.4 

273.1 
110.6 
88.5 

156.4 
28.1 

177.8 
66.3 
0.01 

175.3 
2.53 

754.6 
374.4 

J 
15.9 

930.5 
108.8 
85.1 

769.0 
76.4 
15.3 
32.5 
0.01 

12.2 
3.12 
9.49 

145.4 
1361.9 

J 
47.3 

114.0 
122.4 
70.4 
39.3 
4.25 

22.1 
25.3 
0.36 

21.5 
0.18 

93.4 
220.2 

F 
3.12 

335.5 
100.6 
40.0 

288.1 
7.33 

34.3 
33.8 
0.08 

34.2 
0.00 

140.0 
371.7 

1051.0 

F 
137.3 
112.0 
35.6 
1.40 

110.5 
0.01 

15.2 
29.5 
5.40 
6.00 
3.88 

15.2 
132.4 

M 
4.41 

419.4 
74.6 
7.39 

410.8 
1.19 

15.7 
18.5 

1.03 
6.31 
8.36 

231.9 
100.5 
904.0 

M 
151.5 
409.1 
61.0 
4.44 

397.7 
6.97 

68.6 
107.2 
41.1 
27.0 
0.43 

71.9 
264.8 

A 
40.6 

278.2 
9.64 
0.22 

277.9 
0.01 

12.9 
23.3 

1.10 
8.26 
3.55 

92.8 
135.1 
635.5 

A 
32.0 

250.5 
24.9 
4.14 

201.0 
45.3 
52.3 
34.1 
6.2 

32.5 
13.5 
21.1 

240.3 

M 
18.9 
7.43 

33.5 
6.13 
1.30 
0.00 

13.8 
7.84 
6.64 
0.20 
6.95 

41.6 
108.0 
263.2 

M 
43.4 

188.6 
55.1 
20.9 

167.3 
0.35 

27.0 
53.5 
9.23 
4.69 

13.1 
74.4 
76.8 

Total sum of squares 346.1 188.6 554.6 789.4 1240.3 2154.3 1900.5 684.1 484.9 1348.2 720.0 598.7 


