
STAGES IN BRANCH DEVELOPMENT 
AND THEIR RELATION TO PRUNING 

G. S. BROWN* 

SYNOPSIS 

The manner of development of those parts oj the branches of 
Pinus radiata that are eventually embedded in the tree stems as knots 
is described, and it is shown that in plantation conditions there is 
first a phase of rapid diameter growth, followed by a second phase 
about twice as long during which the diameter remains almost static 
although the branch is alive. It is argued that because it is during 
the first phase that, the greatest proportion of lhe stem perimeter is 
occupied by the branches, it is also during this phase that the 
greatest risk of physical damage from pruning exists; and further 
that because, this phase only occupies about one third oj the potential 
life of the branch, pruning at or before its culmination must be 
regarded as severe pruning whether related to risk of physical 
damage or to possible damage oj any other kind. A relationship 
between the duration of the first phase of growth and branch 
diameter is suggested as a basis from which can be calculated the 
minimum amount of green crown that can be left at any pruning 
witfiout encroaching on lhe first phase of branch growth. This is 
suggested as a supplementary check on pruning severity when a 
heavier than usual degree of pruning is contemplated. 

INTRODUCTION 

In Pinus radiata, as in the case of most trees, the stem at first 
puts on rapid diameter growth and then, after a few years, a change 
takes place to slower diameter growth of mature wood. When 
canopy closes, diameter growth of the stem in or near the crown 
continues to follow the same sequence, with early diameter growth 
continuing at a high rate; but diameter growth below the green 
crown suffers a check to an extent depending on stand density and 
distance below the green crown, fn somewhat parallel fashion, each 
branch in forest conditions at first increases in diameter rapidly 
at the point of junction with the stem, but after a few years diameter 
growth at this point suffers a check. Thereafter, although the branch 
may continue to live for several years, diameter growth at the point 
of junction with the stem is usually very slight and is frequently 
too small to measure by methods dependent upon the naked eye. 
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Reukema (1959) has noted that in Douglas fir the lower live 
branches may fail for some years to form any rings; discrepancies 
of 9 to 10 rings between bole age and apparent branch age were 
not uncommon. As a result of this pattern of development, the branch 
lakes the shape of a sharpened pencil, with the point at the pith; the 
sharpened end being formed during the period of rapid diameter 
growth and the remainder subsequently. The shape of the pointed 
end generally appears as something resembling a true cone, tending 
towards a bullet shape; a line on its surface in the plane of the axis 
is almost a straight line. It follows that, whatever may be the pro
portion of the perimeter occupied by the branches in a whorl at any 
time during the early phase of rapid diameter growth, this proportion 
will remain about constant during that phase. When the phase of 
rapid diameter growth comes to an end, and the sides of the branch 
approach the parallel, this proportion will begin to drop in propor
tion with the girth of the stem; or in relation to diameter at first 
rapidly and later more slowly. 

This report examines the hypothesis that the relation between 
branch diameter and stem circumference at pruning height provides 
a criterion for judging certain effects of pruning. 

THE PATTERN OF BRANCH DEVELOPMENT 
The above description of the shape of an embedded branch is 

based on a subjective impression formed from observation of many 
hundreds of split nodes. Although the description is valid generally 
for the stands examined by the writer, there is considerable variation 
from the strict model suggested, and doubtless some of the variation 
is not random. There is at least a possibility — to be tested in later 
work — that if the tree crown is given full light, some of the lower 
branches may resume diameter growth, at least until canopy recloses. 
Forward and Nolan (1961) have noted in their studies of Canadian 
pines that, in a Pinus resinosa tree examined by them, the normal 
gradual decrease of branch ring width in the lower whorls of a 
closed stand was checked and reversed on thinning, an effect which 
is probably a general one. However, any such effect in lhe stands 
examined in the present study (stands either lightly thinned or not 
artificially thinned at aU) must have been slight and ephemeral and 
it was rarely observed. 

The description also applies (according to lhe writer's studies) 
to Pinus nigra and P. ponderosa and, judging by a few specimens, 
also to P. patula, in unthinned or lightly thinned plantations. Possibly 
it may apply generally to conifers. For example, the illustrations 
of split nodes of spruce (Picea abies) in Nageli's notes (1952) on 
pruning, and of Pinus strobus, P. resinosa, P. echinata, P. caribaea 
and P. palustris in Paul's studies (1938) on the desirability of 
pruning are consistent with that description. 
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Plate 1. Whorl dissected to reveal branches split along pith. 

Plate 2. The same whorl as seen from the side. 
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Plate 1 shows a chance-selected radiata pine node carved to show 
the branches opened along the pith, and photographed in the line 
of the stem axis at a distance of 20 ft, to minimise scale distortion. 
lt can be regarded as a fairly typical sample of the material studied. 
Plate 2 shows the same specimen photographed from the side. The 
I ree was a co-dominant in a crop of radiata pine aged 21 years, 
thinned to 250 stems per acre at 10 years. The specimen was taken 
at about 22 feet above the ground. 

Fig. IA represents an idealised cross-section of a whorl show
ing all branches horizontal, at the same level, and precisely of the 
shape described above, and has been drawn to show the effect of 
ihis shape on lhe proportion of circumference of stem occupied by 
branches. The circle in broken line encloses the zone developed 
during the phase of rapid growth; in it the branches occupy 52 
percent of the circumference. Outside this zone the percentage 
decreases as the circumference of the stem increases. The corres
ponding curve of branch proportion against diameter is shown by 
a broken line in fig. 3. 

FIGURE IA FIGURE I B 

Fig. IB is a diagrammatic representation of a whorl, equally 
fictitious in showing all branches horizontal, but more realistic in 
showing lhe first growlh phase of lhe branches culminating al vary
ing distances from the pith (assumed here to be central). The zone 
of Lhe stem containing lhe first growlh phase is therefore in this 
case not circular in outline and, if mean branch diameters at fixed 
radii are considered, the change from the first phase lo the second 
is no longer sharply defined. This diagram has been drawn for 
purposes of illustration in such a way that the proportion of the 
circumference occupied by the branches corresponds to the quantities 
shown by the plotted points of fig. 3. 
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Fig. 2 shows two curves of this nature derived from two branches, 
each about two inches in diameter, taken at random from a stand 
of P. radiata 32 years of age with 90 stems per acre. The measure
ments were made from the embedded branches as seen in a split 
whorl. To obtain similar measurements from complete whorls is 
less easy, as branches in a whorl do not usually occur all at one 
level and they are seldom horizontal; and a simple cross section 
will not reveal enough for measurement. In order to get some idea 
of the average pattern of development for a number of whorls the 
device was adopted therefore of taking whorls down on a lathe, 
stopping for measurement at pre-determined radii in equal steps. 
The outer surface at each stop was marked by lines parallel with lhe 
axis defining the limits of the branches (or, to speak more strictly, 
the knots) and of the stem surface between branches; and measure
ments were made at right angles between these lines. In a few 
cases, overlap of the branches in the horizontal plane resulted in 
the sums of the two sels of measurements exceeding the circumference 
of the stem. A greater source of error was the difficulty of deciding 
the precise boundaries of the knot; the boundary is somewhat 
indefinite as seen in this presentation. Fifteen whorls were examined 
in this way. The diameter of the zone formed in the early phase 
of rapid growth varied considerably from specimen to specimen, 
and although all were taken in the vicinity of the base of the green 
crown some branches were still barely out of this phase. Fig. 3 
shows the means of measurements from the 15 specimens, from a 
stand planted at 5 X 10 ft in 1941, unthinned, and at the time of 
taking the specimens carrying about 480 stems per acre. 
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Fig. 3. The broken line is derived from fig. IA. The points indicated 
by circles represent means of measurements from 15 whorls 
taken near base of green crown in ten year old Pinus radiata, 
480 stems per acre. The vertical line at each point shows twice 
the standard error for the mean. (Fig. IB is drawn to corres

pond with this series of points.) 

Because the culmination of the initial growth-phase of individual 
branches occurs over a range of radii, the sharpness of the change 
from one phase to the next has been lost in taking averages from 
a series of branches; and because in the material examined some 
of the larger branches had only just completed the first phase, the 
graph for the second phase has lost some steepness: the two curves 
therefore cannot be expected to match. The two curves have been 
shown together on the one diagram not to suggest coincidence but 
merely to show lhe basic similarity in shape. They illustrate the 
points that, during lhe development of a pine branch in plantation 
conditions, there is first a phase throughout which the branch 
occupies its maximum proportion of the circumference of the stem, 
followed by a phase during which this proportion falls sharply; and 
that this is also true for a whorl, although for a whorl as a whole 
the distinction between the two phases is less sharp. (Figs. IA and 
IB are diagrammatic representations of the same series of percen
tages in the form of cross sections.) 
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THE EFFECT OF BRANCH DEVELOPMENT PATTERN 
ON PRUNING HAZARD 

If any treatment, for example axe pruning, were to have a 
tendency to damage the stem cambium in the vicinity of the pruned 
branch, the greatest opportunity for such damage to be more than 
merely local would occur during the period in which the proportion 
of the cambium between branches in relation to lotal girth is at 
its lowest; that is to say during the phase of early rapid diameter 
growth in the branches. In other words, the ring of cambium as a 
whole is at its most vulnerable during this phase. From the point 
of view of the risk of physical damage to the tree, therefore, it 
appears that the worst time to prune is during this early period of 
rapid diameter growth of the branch. 

(It should perhaps be emphasised that it is lhe risk of damage 
that is high: it is not suggested that in every case actual damage 
would be caused. In innumerable cases young stems have been 
pruned in practice at early stages of branch development and have 
survived without obvious check, and many instances have been 
observed by the writer in which all the branches have been removed 
and the trees have continued to live. This does not disprove the 
existence of risk of damage: it only exemplifies the fact that trees 
growing in favourable environments have enough reserve vitality 
to survive a very considerable amount of pruning). 

The practical value of this hypothesis can be illustrated by the 
case of the ten-year-old crop represented in fig. 3. In this case, an 
attempt to prune to a stem diameter of less than two inches under 
bark would incur the greatest risk of damage. At four inches 
diameter, the proportion of lhe perimeter occupied by branches is 
still high (about 40 percent) and therefore it would probably be 
unwise in a crop of this density to attempt to prune to a knotty 
core of four inches: the target of many foresters. It happens that 
at lhe date of these measurements, at 18 ft the mean diameter under 
bark was six inches; at which fig. 3 shows that the branches would 
occupy 35 percent of lhe perimeter. No data arc available to show 
what percentage can be regarded as optimal for pruning, but at any 
rate this figure is some way below the maximum. 

Fig. 2 refers to single branches not whorls. One of the branches 
concerned was taken at a height of 32 ft and the other at 36 ft, in 
a stand of Pinus radiata 32 years old, with a mean top height of 
127 ft, base of green crown at 62 ft, 90 stems per acre in 1960, and 
stand density at the time of formation of the branches not known. 
The stems at these nodes if pruned at a diameter of less than five 
inches would have run maximum risk of damage to the cambium 
ring. 

From branch diameter it is possible to estimate the number of 
years taken to completion of the first phase of growth, and hence 
to arrive at an equivalent crown depth from data on rate of height 
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increment. In the course of node studies made by the writer on 
several Pinus radiata stands ranging from 10 to 32 years of age, the 
number of years taken by each branch to reach its full diameter 
was recorded — that is, the number of years lo the end of the initial 
sharply tapered part of the branch. Branch size was recorded to 
the nearest tenth of an inch, and age as observed number of rings. 
In fig. 4, the mean number of rings for each tenth of an inch has 
been plotted. The curve was derived from 1,200 observations but, 
as not many of these were for branches over 2.5 in., the scatter of 
points for the larger branches is somewhat wide: the coarseness of 
the time unit contributes to this. However, it demonstrates that a 
half-inch branch takes about 2 | years, the one inch branch 3 | years, 
the inch and a half branch 4-J years, and the two inch branch 5J 
years to complete the initial phase of diameter growth. This provides 
a simple means of estimating in any crop what amount of pruning 
would enter the danger zone of maximum proportion of branches 
to perimeter. For example, if a substantial proportion of branches 
in a stand has reached one inch diameter at maturity (i.e. near the 
base of the green crown), then any pruning carried out should 
leave at least 3^ times the current annual height increment in green 
crown. As the number of stems per acre cannot increase, and is 
likely to decrease, if more than this amount of the green crown is 
removed the highest branches pruned will still be Jn the stage of 
early rapid diameter growth; which is the stage during which they 
occupy the maximum proportion of perimeter. Similarly branches of 
1.5 in. diameter indicate that at least 4J times the current annual 
height increment should be left; and so on. 

Whether or not pruning at or before the culmination of the first 
phase of branch diameter growth is a severe degree of pruning 
can be estimated from the relative length of the two phases. Obser
vations made on 60 split nodes from near the base of the green 
crown, in the course of node studies in the 32 year old stand of 
Pinus radiata already referred to, have shown that it is normal for 
branches to remain alive for at least 10 years after completion of 
the early period of rapid diameter growth. In other words, the 
parallel sided part of the embedded branch or intergrown knot can 
pass through ten stem rings or so before becoming encased. 

The same conclusion — that the branch may live for about ten 
years after completion of the main phase of growth - can be 
reached from the following considerations. In the crop mentioned, 
mean top height was 127 ft, indicating a mean annual height 
increment of four feet. Depth of green crown was 65 ft. At four 
feet a year, it follows that the lowest green branches must have been 
close to 16 years of age. Fig. 4 shows that a 2 | in. diameter branch 
would take about 6 years to reach very nearly its full diameter. It 
follows that it would remain at something close to that diameter for 
16 — 6 = 10 years. (From the apparent lack of correlation between 
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the length of this second period and branch diameter one might 
deduce that the smaller branches must die earlier - as does in fact 
seem to be generally the case.) 

To remove a branch even at the extremity of its phase of rapid 
diameter growth, therefore, means cutting short its natural span of 
life by something of the order of two thirds. 

THE INFLUENCE OF STAND DENSITY 

No correlation between branch diameter and length of life after 
completion of the main phase of diameter growth was observed by 
lhe writer in the course of the node studies referred to in the last 
few paragraphs, lf, as lhe quoted evidence suggests is the case, branch 
diameter and total branch age are correlated, and if the duration 
of the second phase and branch size are not correlated; then it must 
follow that variations in branch size, in so far as they are dependent 
on time, are dependent mainly on the duration of the first phase; 
and that the natural restriction of general green crown depth in a 
closed stand is effected by a shortening of the first phase of growth 
rather than of the second. 

Jacobs (1938), in his studies of the pruning of young stands of 
radiata pine in Australia, observed the abrupt check that takes 
place in the diameter growth of branches and associated it with a 
similar check in growth of branch length and with the closing of 
canopy. He established that the check took place earlier in more 
closely planted stands; but, as these stands were young, his measure
ments could not reveal the duration of branch life after the check. 

In an article on the effect of pruning on lhe growth of western 
white pine, Helmers (1946) notes that: 

It was observed that with a given intensity of pruning the resulting 
loss of growth rate was greatest in the most open stand and least in the 
densest stand. The same response was observed in the mortality that 
occurred during the first three years after pruning. In the densest stand, 
none of the trees with over 55% of their live-crown length removed died. 
But in the stand of intermediate density three out of five, and in the 
most open stand five out of six of the trees so heavily pruned died . . . 

These latter results are readily explicable if the propositions are 
accepted that: (a) the removal of a whorl is most likely to affect 
adversely the health and vigour of the tree if lhe branches in that 
whorl are still in the phase of rapid diameter growth; and (b) that 
variation in longevity of branches lies mainly in this phase and not 
in the second, during which the branch remains alive but without 
appreciable increase in diameter. Consideration of a hypothetical 
example will make this clear. Fig. 5 represents diagrammatically two 
stands of equal age but differing numbers of stems per acre, and 
with associated differences in green crown depth. The green crowns 
in lhe denser stand X are 80 ft deep and in the less dense stand Y, 
they are 50 ft deep. In both, according to hypothesis (b) above, the 
second stage in branch development should be of about equal 
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Fig. 5. Effect of 55 percent live pruning on the two regions of 
branch development. 

duration, and this has been represented in the diagrams by a depth 
of 20 ft in each. Removal of 55 percent of the live crown in sland 
X in these circumstances would involve lhe removal of I62 ft of 
live crown and would not reach into the first phase of branch devel
opment. According to hypothesis (a) above it would therefore not 
enter the danger zone. In the case of sland Y however it would 
involve the removal of 27 ft of live crown and would enter the first 
phase which, in accordance with the hypothesis, would affect the 
trees adversely. The figures quoted are hypothetical; nevertheless in 
an actual case lhe resulting relationship between the two variables 
would be similar and the adverse effect of removing a fixed propor
tion of green crown in a dense stand would be less than that in an 
open stand, a conclusion in accordance with Helmer's observations. 

EARLY PRUNING AND TREE VIGOUR 
These considerations suggest that pruning a branch before the 

completion of its first phase of development may involve more than 
merely the risk of physical damage. It may involve a significant 
reduction in tree vigour. To illustrate this suggestion plates 3 and 
4 are presented. 

618 



CN 
I — I 

Plate 3. Sections from a dead tree, showing branches pruned while still in early phase of development. Hollo 
section were vertically above pruned branches. 



Plate 3 shows sections from a radiata pine tree, one of several 
that died some time after high pruning. The site was wet and flat -
conditions which are somewhat adverse by comparison with those 
in surrounding areas. The trees were planted in 1949 and pruned 
to a nominal 18 ft in 1959. The sections, taken at about 18 ft in 
1961, show that for this particular sample the pruning took place 
during the first phase of branch development. The ultimate cause 
of death is uncertain (it is safe to assume that it was not the pruning 
by itself) but the death of the cambium in a strip above and below 
each pruned stub suggests strongly that the pruning contributed to 
the ill health that led eventually to death of the tree. Plate 4 shows 
sections at 22 ft from a pruned node of radiata pine, taken in 1961 
from a crop planted in 1953 and high pruned in January 1961. 
Thirty-one percent of the pruned trees in this area died, apparently 
from attack by Sirex noctilio following the pruning. (Mortality from 
Sirex attack was less in areas of the same stand pruned similarly 
in March) . In this case again the pruning occurred during the first 
phase of branch development at the level illustrated. Such instances 
suggest that the association between the apparent immaturity of the 
branch at pruning and the high mortality from Sirex attack or from 
other reasons, may be more than fortuitous. 

<l*r f K t - ; nr-

Plate 4. Sections from one node of a tree that died apparently as a 
result of attack by Sirex noctilio, showing that the branches 
had been pruned while still in the early stage of development. 
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CONCLUSIONS 

The intention of these notes has been to show that lhe study of 
branch development patterns gives several pointers to what may 
be the upper limit of safety in green pruning in general practice. 
The possibility of physical damage has been singled out for special 
mention because this possibility is associated with lhe physical 
proportion of the stem perimeter occupied by branches. Green 
pruning of course involves other risks which separately or together 
may be more important. There is plenty of experimental evidence 
(Luckhoff, 1949; Jacobs, 1938), and it is indeed now common 
knowledge from practical experience, that excessive green pruning 
of selected trees in a stand can result in suppression of these trees 
by their neighbours. Excessive green pruning can also have a serious 
adverse effect on rale of increment. Any method of checking whether 
or not any given degree of pruning is likely to be excessive is there
fore of value. 

There are cases in which a forester may decide defensibly enough 
that some loss of increment and risk of damage to the trees must be 
accepted in order to achieve some over-riding object of management; 
as for example in the case of early severe secateur pruning of Pinus 
radiata so that early thinnings may be disposed of profitably as 
clean fencing posts. However, in general, it would probably be wise 
to keep branch size down by maintaining the stand at comparatively 
high density until full pruning height is reached, removing the 
lower branches only a little ahead and certainly not more than ten 
years ahead of the probable date of natural death, and to rely mainly 
on subsequent thinning for the stem diameter increment required to 
make the pruning worthwhile. Conversely, if thinning is unavoid
able, no attempt should be made to keep the knotty core small by 
premature excision of developing branches. 

It is suggested that before any green pruning is carried out, if 
the amount of pruning contemplated is at all likely to be severe, a 
representative sample of branches from the pruning height should 
be examined, preferably by felling the trees and splitting the nodes, 
lo check that at this height the initial phase of rapid diameter growth 
has been safely passed. The writer has suggested elsewhere (Brown, 
1961) other methods by which pruning degree can be assessed: the 
present proposal is put forward only by way of additional safeguard 
when relatively severe pruning is involved. The peculiar values of 
the test proposed are that it is a simple one involving no mathe
matical calculations, and that it is equally valid for any stand 
density (whereas a "rule of thumb" proportion of stem height or 
green crown depth could not be) . 
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Although the exis t ing evidence is cons idered by lhe wri ter suffi
cient to just i fy this wa rn ing , il: is clear tha t fur ther research is 
desirable , in lo the corre la t ion between morphogene t ic phenomena 
in b r a n c h e s and the vulnerabi l i ty of trees lo physical or physiological 
d a m a g e by p r u n i n g . 
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