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SYNOPSIS 

Rooting systems of seedlings, saplings, and poles were studied 
by excavating, and that of a mature tree of each species by trench
ing, through the root profile. Rimu seedlings had weak root systems 
with no well developed tap root, but tawa seedlings had a strong 
tap root capable of persisting if the shoot perished for want of 
light. Pole rimu had a strongly developed system of surface laterals 
exceeding the crown in radius; in the mature rimu this system 
extended farther and had more sinkers, and several massive sinkers 
arose from the tap root. Pole tawa had a dense system of lateral 
roots lying mainly in the upper layers of mineral soil; in the mature 
tawa the radius of this system was less than half the crown radius, 
and the tap root was absent. 

Rimu regeneration may fail because the roots of seedlings growing 
in heavy shade are unable to penetrate the thick layer of raw 
humus. Removal of all or part of this humus, and reduction of 
the canopy, should assist regeneration. Tawa seedlings, which have 
well developed tap roots, are better equipped to establish them
selves under rimu. 

INTRODUCTION 

The main objective of this investigation was to compare the 
rooting habits of two indigenous tree species that, while occurring 
commonly as co-dominants in the forest, nevertheless appear to 
be quite different in ecological and silvicultural behaviour. 

Few studies have been made of the rooting of indigenous trees. 
A note by Yeates (1924) gives observations upon the root nodules 
of New Zealand conifers, and a paper by Allan (1926) describes 
the surface root system of one matai tree {Podocarpus spicatus). 
The most complete survey was that made by New Zealand Forest 
Service officers in 1956 in compiling New Zealand Eorest Service 
Bulletin No. 12 (Hinds and Reid, 1957). This was the first attempt 
to classify the root systems of the main timber trees and to describe 
their typical forms. In this work it soon became apparent that the 
root system of a particular species varied in form from soil type 
to soil type and, of more importance, even in one soil typ$ there 
were large and consistent differences between species. Perhaps the 
most useful result of this survey was in demonstrating the need 
for more detailed studies of tree rooting habits to provide a Basis 
for further autecological studies and for planning silvicultural 
experiments. /; 
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Rimu (Dacrydium cupressinum) and tawa (Beilschmiedia tawa) 
were selected for study because they are trees that appear to 
show consistent differences in ecological behaviour. Rimu is the 
most widely occurring of all the native trees, being found in forests 
from North Cape to Stewart Island, from sea level to about 3,500 ft 
(North Island), and from wet swamps to steep mountain side 
(Hinds and Reid, 1957). Regeneration is usually most prolific in 
serai scrub resulting from fire or similar cataclysm, with manuka 
(Leptospermum scoparium), kanuka (L. ericoides), kamahi (Wein
mannia racemosa), or other pioneer hardwoods acting as nurse 
species (McKelvey, 1963). Only on permanently wet soils does rimu 
regeneration become abundant under a canopy of mature podo
carps (Cameron, 1960a). Rimu, therefore, is a common dominant 
in serai forests. Later in this paper it will be shown that seedling 
rimu lose vigour if grown in heavy shade; yet seedlings rarely 
develop under conditions of full exposure. Tawa, in contrast to 
rimu, is limited in distribution to the North Island and northern 
part of the South Island (Hinds and Reid, 1957), and is most 
abundant in lowland and hill-country forests, seldom ascending 
above 2,500 ft. It is a markedly shade-tolerant species, and it rapidly 
invades dense podocarp forest in areas where both species occur 
together (Hinds and Reid, 1957; McKelvey, 1963). Thus in mixed 
tawa-podocarp forests there is a strong natural tendency for tawa 
to replace rimu as the physiognomically dominant species, later 
to be replaced in turn by other hardwood species (Cockayne, 1921; 
McKelvey, 1963). 

Rimu is the most important indigenous softwood, tawa the most 
abundant North Island hardwood of commercial importance, and 
over large areas these two species grow in close association and 
compete for growing space. Silvicultural treatments designed to 
encourage the growth or dominance of one of these trees would 
have to take into account the silvicultural characteristics of both. 
Comparison of the basic growth habits of rimu with those of tawa, 
including a study of the rooting characteristics, should assist in 
planning this work. 

METHODS OF INVESTIGATION 

To excavate fully the root system of a tree is very laborious and 
time consuming, so for this study a careful selection was made 
and only a few root systems were examined in detail. However, 
before making this selection, sufficient specimens of each species 
and size class were examined to determine the typical root form 
at each stage of development. This preliminary survey consisted 
of an examination of roots that had been exposed in road cuttings 
and along logging tracks. 

Seedlings and saplings (12 of each) were studied both by trenches 
dug carefully to reveal their rooting in situ, and by complete excava
tion. Root systems so exposed were photographed in the field and 
later line diagrams were drawn from these photographs. 

Two pole-sized specimens were examined by trenches of variable 
depth (usually 2 to 3 ft) dug tangentially to the bole of the tree to 
dissect the root system, also by excavation from the surface to 
provide a plan of horizontal rooting. These were recorded by 
chart diagrams and by photographs. Spraying the excavated roots 
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with aluminium paint improved the contrast between root and soil 
and facilitated photography. From the field records line diagrams 
were prepared. 

Large trees were most difficult to study and here, after examining 
as many as possible wind-thrown trees and individual root systems 
exposed in profile along logging tracks, two individuals of each 
species were selected and excavated using spade and trowel. These 
were photographed and diagrams drawn. 

These studies were supplemented by making comparisons of 
natural seedlings with those being raised in the Forest Research 
Institute nursery on improved soils in the absence of competition 
from mature trees. Observations were also made of special features 
of tawa, in particular of root grafting and of layering of aerial 
shoots. 

All studies were of plants growing in pumice soils in 
Mamaku, Whirinaki, and Pureora State forests; all in type M2 
mixed tawa-podocarp forest (McKelvey and Nicholls, 1957). 

The terminology used in this paper is largely that of Brown 
and Lacate (1961), i.e., tap roots, surface laterals, lateral sinkers 
(arising from laterals), central sinkers (arising from tap root or 
main bole), and fine roots (which includes feeding roots). 

RESULTS 

The rooting habits of seedling rimu and tawa will be described 
first and mention made of the effect of low light intensities upon 
the root development of rimu. Then the nature of the root systems 
of poles and mature trees will be considered. 

Seedling Rooting 
Fig. 1 compares the root system of a typical rimu seedling (left) 

with those of kahikatea {Podocarpus dacrydioides) (centre) and 
totara (P. totara) (right). These are all nursery-raised seedlings 
growing under relatively good conditions of light (approximately 
40% of full sunlight) and, of course, are free from root competition 
from larger plants. The drawings show that rimu has produced 
a weaker root system than that of either of the other species, and 
has neither the strong seedling tap root of kahikatea nor the.well 
developed lateral roots of totara. Seedling tawa, as can be seen in 
Fig. 2 (left and centre), produces an even stronger tap root than 
does kahikatea. Fig. 2 (right) shows a normal tawa wilding, prob
ably more than 10 years old, and illustrates how the tap root per
sists and develops. 

Fig. 3 shows rimu seedlings taken from the natural forest. On 
the left is a seedling growing in the poor light conditions (0.5 to 
1% of full daylight, as assessed by a Weston incident light meter), 
of dense, second-growth forest, while on the right is a seedling 
of similar age (approximately l l years) growing in the better light 
conditions of serai kanuka-kamahi vegetation (2 to 5% of full 
sunlight). 

Fig. 4 shows a tawa seedling growing under the low light condi
tions of a dense tawa canopy (approximately 1% of full sunlight). 
There are obvious differences between this and the rimu of Fig. 3 
(left). It would be difficult to ascertain the age of tawa seedlings 
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Fig. 1 (top): Typical nursery-raised seedlings of rimu (left), kahikatea 
(centre), and totara (right) showing the root systems produced under good 

light conditions. 

Fig. 2 (lower): Nursery-raised seedling tawa, showing the strong tap root. 
At right is a normal tawa wilding, probably more than 10 years old; note 

the persistent tap root. 
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Fig. 3: (top) Rimu seedlings from 
natural forests. Left, grown in dense 
second-growth forest; right, grown in 

sera! kanuka-kamahi vegetation. 

Fig. 4: (left) Tawa seedling grown 
under dense tawa canopy. Note mas
sive root development and multiple 

leaders. 
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Fig. 5 (top): Rimu seedlings growing on a fallen tree. 
Fig. 6 (lower): Stem layering in tawa, arising from a fallen stem. 

growing in low light intensities, for as conditions become sub
marginal for continued seedling development, the stem ceases 
active growth, dies back and sooner or later is replaced by one or 
more new shoots arising from, or near ground level. Thus there 
develops over a period a massive root system possessing, it would 
seem, almost unlimited powers of survival and rejuvenation. The 
five subordinate leaders shown in Fig. 4 are all old shoots. 

Fig. 5 illustrates the root form of rimu seedlings growing on a 
fallen tree. Often there are more rimu seedlings so located than 
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Fig. 7: Profile and plan of the root system of a 6-in.-d.b.h. rimu pole. 

there are seedlings growing on the forest floor and these may 
survive to become mature trees. The line drawing indicates the 
readiness with which rimu develops a shallow root system of pre
dominantly lateral roots, at this stage contained entirely by the 
moss covering the log. Tawa seedlings are rarely found elsewhere 
than on the forest floor proper. 

Fig. 6 shows how tawa seedlings can exhibit stem layering, here 
caused by a former main stem falling and becoming covered with 
leaf litter. Rimu has never been observed to behave in this manner. 
Root Systems of Pole-sized Trees 

The root system of a 6-inch-d.b.h. rimu is shown in profile and in 
plan in Fig. 7, while Fig. 8 illustrates a completely excavated surface 
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Fig. 8: Complete excavation of a surface root of a 6-in. d.b.h, rimu. 
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Fig. 9: Profile and plan of (he root system of a 6-in. d.b.h, tawa pole. 
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root. A conspicuous feature Js a great increase in the extent oi the 
system of surface lateral roots, here having a radius of 8 ft, whereas 
crown radius is less than 5 ft. The feeding roots, finely branched 
and nodular, arise mainly from the surface laterals and pervade 
the thin layer of black humus immediately below the loose litter 
layer. Lateral sinkers are sparsely produced; they penetrate the 
sandy, typically pale-coloured, eluviated A2 horizon and become 
branched and more conspicuous in B horizons. A tap root of sorts 
is usually present, as shown in Fig. 7a, and this gives rise to several 
large, obliquely descending roots which at a later stage become 
the central sinkers that form a conspicuous part of the root system 
of the mature tree (see later). 

The root system of pole-sized tawa, shown in Figs. 9 and 10, is 
rather more complex than that of rimu. There are more lateral 
roots close to the bole of the tree than in rimu, the system having 
a radius of less than 6 ft, about equal to or slightly greater than 
crown radius. The lateral roots and the fine roots arising from 
them are not confined to the H horizon but are well distributed 
through this and the underlying At layer, this making their excava
tion more difficult and considerably more tedious. Other conspicu
ous features are the suppression of the tap root, the abundance 
of lateral and central sinkers (descending vertically and obliquely), 
and the early development of root grafting, both within the root 
system of one tree and between trees. 

Rooting of Mature Trees 
Fig. l l shows in profile the completely different root systems 

of mature rimu and tawa trees, growing as neighbours, with appar
ently identical conditions of soil, aspect, and slope. 

The main feature of the rimu here illustrated is the very extensive 
plate-like system of lateral roots spreading for a radius of more 

Fig. IO: Excavated root sys!em of a tawa pole. 
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Fig. ll: Diagrammatic representation of mature root systems of rimu 
and tawa. 

than 30ft from the bole of the tree (or approximately twice crown 
radius). This, together with an accumulation of raw humus which 
is thoroughly and intensively permeated by fine roots (in particular 
by nodular feeding roots), forms a layer varying between nearly 2 ft 
thick near the base of the trunk and 9 to 12 in. at a distance 
of 20 ft or so from the trunk. This root piate extends into the 
underlying thin, and usually rather indefinite H layer, but only 
a few fine roots are found in the eluviated A2 horizon. 

The other conspicuous feature of the rimu root system is the 
massive central sinkers, usually five or six in number but sometimes 
reduced to one or two. One of these probably represents the tap 
root. Lateral sinkers descend obliquely and vertically but are 
inferior in size and length to either the main lateral roots or the 
central sinkers. 

The mature tawa root system illustrated in Fig. l l is much more 
compact, being no more than 10 to 15 ft in radius (rather less than 
half the radius of crown spread) and less than half this in depth. 
It is made up of an indeterminate mass of roots of more or less 
uniform size, the roots nearer the surface showing a high degree of 
intergrading (Fig. 12) and giving rise to most of the fine roots. 
The surface laterals, if they can be called that, give rise to a number 
of small sinkers which descend obliquely and vertically, but there 
is nothing present in the centre of the root mass that can fairly 
be called sinkers, and nothing that can be identified as a tap root. 
In these characteristics the root system of tawa appears to re
semble that of beech (Fagus sylvatica) (Busgen and Munch, 1926). 
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Fig. 12: Part of the root system of a mature tawa tree showing root 
grafting. 

DISCUSSION 

Significance for Regeneration 
Where rimu and tawa occur as co-dominants within a forest 

tawa regeneration is usually as conspicuous as that of rimu is 
scarce (McKelvey, 1963). The failure of rimu to perpetuate itself 
in these conditions has contributed to the widely accepted belief 
that it is an intractable species, a belief which cannot be justified 
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unless the reason or reasons for inadequacy of regeneration can 
be identified, and then only if these support the popular belief. 

In any forest successful silviculture is dependent upon the forester 
being able to regulate conditions so that the preferred species 
(be it rimu or tawa, or some completely different species) can 
complete its life cycle in full health and vigour. Sufficient viable 
seed must be produced to provide a full stocking of seedlings during 
a reasonable regeneration period. These seedlings, given room and 
space to grow, should be capable of developing at a reasonable 
rate of growth through sapling and pole stages to provide, in 
maturity, a timber tree of merchantable quality which is then felled 
to make room for further regeneration. In a dense podocarp forest 
there is, perhaps once or twice every ten years (Hinds and Reid, 
1957), a copious production of rimu seed and this usually results 
in an abundance of seedlings during the following spring. The 
succession usually fails at this point while the seedlings are only 
rooted in the thick raw humus, a layer already fully occupied by 
roots of mature podocarps. It would appear that under these condi
tions available soil nioisture may become inadequate for continued 
seedling survival, as on permanently moist soils rimu seedlings 
can and do persist (Cameron, 1960a). Even where local soil conditions 
allow the survival of rimu seedlings/the light conditions are usually 
such that only seedlings of the type shown in Fig. 3 (left) develop. 
Thus the imbalance of root and shoot increases with time, produc
ing weak seedlings that eventually succumb if the environment 
remains inhospitable. 

In contrast to this, tawa seedlings have a large tap root that 
quickly penetrates the raw humus, soon entering the A and B 
horizons of the soil. At the same time shoot growth of tawa, under 
low light intensities, appears to be subordinate to root growth, 
the root growing on steadily, acting it would seem, as a perennating 
organ while the stem may die back and be replaced many times. 
Once the pole stage is attained the development of root grafts 
would help to sustain tawa regeneration, a feature that has not 
been recorded for rimu. The fact that the fine roots of tawa lie 
at a greater depth than the fine roots of rimu implies that tawa 
is less susceptible to periods of drought. This also could make 
tawa more resistant to the trampling of deer and the rooting of 
pigs, factors that may have reduced the vigour of rimu in recent 
decades. 

It seems probable, therefore, that the failure of rimu and the 
success of tawa regeneration in mixed tawa-podocarp forest is to 
some extent due to differences in their rooting habits, rimu being 
more poorly fitted than tawa to regenerate under a canopy in which 
rimu is dominant. Thus, as stated elsewhere (Cameron, 1960a), the 
dense podocarp forests are probably the most difficult areas in 
which to attempt to perpetuate podocarps. 

Implications for Silviculture 
Scarification of the soil: Ecological investigations (McKelvey, 

1963) have shown that rimu seedlings occur in greatest abundance 
in association with a hardwood nurse, such as manuka, kanuka or 
kamahi, usually as part of a common succession following fire. 
Sueh vegetation usually has a shallow mull-type humus layer, bare 
p r with a covering pf moss or low fern, depending upon light 

782 



conditions. In sheltered sites, however, rimu regeneration may 
develop on bare mineral soil without a nurse. 

Tawa regeneration, on the other hand, is most prolific under a 
high forest canopy, usually of podocarps with or without tawa. 
Under these conditions it has been observed that seedling tawa 
will become established through a deep mor-type humus layer 
sometimes well over 12 in. thick. 

This contrast in the behaviour of rimu and tawa regeneration is 
what one would expect when the differences in the rooting habits 
of each are considered. If the significance of these differences has 
been correctly interpreted, silvicultural work designed to favour 
the development of rimu regeneration in a forest in which rimu 
and tawa are co-dominant would have to include measures to 
remove the thick raw humus and expose the mineral soil. 

Reduction of canopy: It has also been shown that under low 
light intensities rimu seedlings form poor root systems. This, also, 
must be taken into account in planning silvicultural work, and 
rimu regeneration would be expected to show best vigour where 
the canopy has been reduced. 

Stocking and vigour: Rimu saplings and poles at an early stage 
develop a predominantly flat, plate-like system of surface laterals 
plus feeding roots which, in the mature tree, may extend for 30 ft 
or more from the bole of the tree, or roughly double the radius 
of crown spread. Tawa, in contrast, has a much more confined root 
system, in the mature tree rather less than half the radius of the 
crown. These differences are accentuated by the fact that rimu, 
from pole stages onwards, is a light-demanding species, whereas 
tawa is strongly shade tolerant (Cameron, 1960a; Hinds and Reid, 
1957; McKelvey, 1963). 

These observations suggest that the stocking of rimu stands 
would have to be carefully regulated if the trees are to remain 
vigorous, an opinion confirmed by studies of pole podocarp stands 
(Cameron, 1960b) and by studies in Swiss forests (Leibundgut and 
Kreutzer, 1958). It is likely that rimu stands thinned to allow free 
root development would have a rather understocked appearance. 
In tawa consociations, however, it should be possible to maintain 
much denser stockings, in terms of stem and crown space, before 
root spacing would restrict stand development. 

The readiness with which the roots of tawa poles intergraft 
suggests that selective thinning of tawa thickets could result in 
the residual stems showing improved growth rates as a result of 
a direct improvement in root/shoot ratios. 

Laboratory studies: The observations described in this paper 
are largely qualitative and therefore the deductions drawn are also 
qualitative. 

It has been suggested that under low light intensities rimu seed
lings can only develop poor root systems; exactly what imbalance 
there is remains uncertain, and accurate correlation with light 
intensity has not been made. These are matters that could be more 
accurately resolved in laboratory studies, by growing seedlings 
under controlled light conditions. 

The ultimate feeding roots of rimu and other indigenous podo
carps are intensively nodulated (Yeates, 1924). These nodules are 
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known to be inhabited by both fungi and bacteria (Yeates, 1924) 
but their functions have not yet been fully studied. Yeates suggested, 
as long ago as 1924, that one role of the root nodules might be to 
act as water-storage tissue, a function not incompatible with their 
location in the F horizons of the soil, at the soil surface, and even 
extending for a considerable distance up the trunks of trees. 

Field observations such as have been described above show up 
problems of plant behaviour. Resolution of these problems is ditii-
cult, if not impossible, in field studies, and investigations of these 
matters are necessary under laboratory conditions where one par
ticular influence or process can be studied while the others are 
kept under close control (Wallensiek, 1957). 

Extension of studies: It is not to be expected that the rooting 
habits of rimu and tawa will remain constant for all soil types, 
nor can it be expected that any of the other indigenous timber trees 
will exhibit exactly the same characteristics as either rimu or tawa. 
There is need, therefore, for an extension of these studies to other 
soil types and other species. Until this is done many aspects of tree 
behaviour will remain obscure. 

SUMMARY AND CONCLUSIONS 

(1) Few studies have been made of the rooting characteristics of 
New Zealand forest trees. 

(2) This paper describes an investigation made of the rooting 
habits of rimu and tawa in pumice soils in central North 
Island forests. 

(3) Rooting was studied by excavating the root systems of seed
ling, sapling, and pole-sized trees, and by trenching through 
the root profile of mature trees. Drawings were made from 
photographs to show the developmental stages in the rooting 
habit of each species. 

(4) Seedling rimu possess a weak root system without a well 
developed tap root. In contrast, tawa seedlings have a strong, 
well developed tap root which, under poor light conditions, 
acts as a perennating organ when the shoot dies. 

(5) Pole rimu have a strongly developed system of surface laterals 
lying at the top of the mineral soil (within the F and H hori
zons). The roots of pole tawa are less widespread than those 
of rimu and are located mainly in the upper layers of mineral 
soil. 

(6) Mature rimu growing on pumiceous soils develops a thick 
mor-type humus which contains, and is completely permeated 
by, an extensive plate-like system of surface laterals plus fine 
roots, this plate extending well beyond the radius of the 
crown of the tree. The laterals give rise to a number of sinkers 
and the tap root to fewer, but much larger, central sinkers. 
Mature tawa has a compact heart root from which the tap 
root has completely disappeared. 

(7) The failure of rimu regeneration within podocarp forest may 
be directly due to the seedling roots being incapable of pene
trating the thick raw humus, already pervaded by the nodular 
rootlets of mature podocarps. Tawa seedlings, being strongly 
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tap rooted, can establish themselves more readily in such 
circumstances. Low light conditions also contribute to the 
failure of rimu regeneration by inducing the development 
of an inadequate root system. 

(8) On the basis of these observations, removal or reduction of 
the thick mat of mor-type humus typical of forest in which 
podocarps are dominant or co-dominant should assist the 
development of a stocking of rimu regeneration. Canopy mani
pulation to improve the light conditions at the forest floor 
should also assist. 

(9) It might be possible to maintain tawa in full vigour in a much 
more densely stocked stand than would be possible for rimu. 

(10) Laboratory studies are needed before the reasons for the differ
ences in the ecological (and physiological?) behaviour of rimu 
and tawa can be accurately understood. 

(11) The extension of this study to other soil types and other 
species is recommended. 
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