
Fourth, in the all aged stands a considerable advance 
growth of saplings and small poles is often present. Logging 
by a mobile power unit as the caterpillar tractor might enable 
much of this to be preserved. 

L I S T OF BOTXINICAL NAMES OF TREES MENTIONED. 

Bracken fern: Pteridium esculentum Myrtle: Myrtus pedunculata 
Coprosma scrub : chiefly C. parviflora Bata : Metrosideros umbellata (syn. 
Five-finger: (Whauwhau) Nothopa- lucida) 

nax Colensoi Rimu: Dacrydium cupressinum 
Hinau: Elaeocarpus dentatus Silver pine: Dacrydium Colensoi 
Hupiro : Coprosma foetidissima Tawheowheo : Quintinia acutifolia 
Kamahi : Weinmannia racemosa Toro: Suttonia salicina 
Miro: Podocarpus ferrugineus 

THE RIND OF THE PODOCARPS, WITH SPECIAL 
REFERENCE TO THE BARK. 

( 0 . C R A D D O C K . ) 

[An abstract of a Thesis presented for M.A. Degree, University of 
New Zealand, 1932.] 

This research was undertaken in order to ascertain the 
underlying causes of the characteristic bark formations found 
in the different species of podocarps. Broadly speaking, the 
barks fall into two distinct types: (1) the scale type, e.g., 
kahikatea, in which flakes of various shapes and sizes are 
shed from time to time; and (2) the fibrous type, e.g., totara, 
in which the bark peels off in large stringy or papery sheets. 

In both bark types there are many variations as to size, 
shape and hardness in the various species and also in different 
parts of the same species; and these variations were found 
to be closely correlated with their histological structure. 

The term " r i n d " is used to designate all that tissue outside 
of the wood, and the term " b a r k " all the tissue cut off by 
the formation of cork. 

For various reasons seven species were selected for detailed 
study, e.g., kahikatea, totara, rimu, matai, miro, silver pine 
and tanekaha. 

The method adopted was to take representative samples of 
bark from the tip of the youngest twigs down to the base 
of the trunk, to cut sections and examine them microscopically. 
In this way representative series were obtained, showing the 
time and place of origin of the first formed cork, down to 
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the formation of mature scales or mature fibrous bark, and 
the conclusions given below were arrived at. It was then 
found possible to construct an identification key based on some 
of these characters. 

Summary and Conclusions. 

(a) Origin of First Cork Cambium. 
The first cork cambium arises either (1) in the epidermis, 

or (2) in the layer of cells below the hypodermis. The place 
of origin of the phellogen is dependent on the presence or 
absence of stony hypodermis. In the former case it arises under 
the hypodermis, and in the latter in the epidermis. 

(b) Time of Origin of Cork Cambium. 
There is some variation in the time of origin of the cork 

cambium: (1) In the genus Podocarpus it invariably arises 
when four wood rings have formed. Although this may not 
represent four years' growth, it is very probable that it is a 
fair indication in a young twig. (2) In the genus Dacrydium 
there is evidently a tendency for earlier formation of cork 
cambium. Rimu produces cork when three wood rings are 
formed, and silver pine when only one wood ring is present. 
(3) In the genus Phyllocladus, cork formation takes place always 
early, when one wood ring is formed. 

(c) Types of Periderm. 
There are two very distinct types of periderm formation: 

(1) The scale type, with thick layers of phellem produced in 
crescent-shaped rings and cutting off a well-defined scale. (2) 
The fibrous type, with very thin layers of phellem produced 
in very thin rings. 

(d) Types of Secondary Cortex. 
(1) The scale type periderm, with the exception of the genus 

Phyllocladus, shows extensive production of a stony secondary 
cortex and stone cells in the phloem. (2) The fibrous type peri
derm shows very little or no development of secondary cortex 
and no production of stone cells in the phloem. 

(e) Duration of Phellogen. 
(1) In the scale type barks, the primary phellogen persists 

for a very great length of time. (2) In the fibrous type barks, 
secondary phellogens are produced very early in the life of 
the tree. 

(/) Relationship between Hardness of Bark and Development 
of Stony Tissue. 

The hardness of the bark in the scale types is dependent 
upon the development of stony tissue, e.g., matai, with very 
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extensive development of stone cells, was most difficult to section. 
Miro, tanekaha and silver pine were very easy to section. 

(g) Types of Stone Cells. 
The stone cells produced by the secondary cortex are always 

quite distinctive in form from those produced by the phloem. 
The former are always polygonal in shape and often form a 
very definite layer of cells delimiting the secondary cortex from 
the phloem. The latter are always irregularly rounded in shape, 
not restricted to any particular part of the phloem, and may 
vary considerably in size and shape. 

(h) Structure of Phloem. 
The phloem, in so far as it is concerned with the formation 

of the scale, consists of thickened elements, sieve tubes and 
phloem parenchyma. The medullary ray is only one cell thick 
in transverse section. In totara and other fibrous type barks, 
the phloem elements are very regularly arranged; definite 
layers of sieve tubes, phloem parenchyma and phloem schleren-
chyma alternating with one another. In this case the phellogen 
arises in the very definite layer of the phloem parenchyma. In 
all other cases the cork cambium takes a somewhat irregular 
course, corresponding to the irregular distribution of the 
phloem parenchyma. 

(i) Size of Scales. 
The length and depth of the scales vary considerably, as 

does also the shape, e.g., in kahikatea the scale is very thick 
and comparatively short, whereas in rimu it is very long and 
fairly shallow, and has a water wave appearance. There are 
intermediate gradations between these two types. 

(j) Cork Cells and Phellem. 
The first formed cork cells are similar in appearance, being 

somewhat irregular in shape, with fairly thick walls and rich 
in tannin. This layer usually remains ten to fifteen cells in 
thickness, owing to the peeling off of the outer layers. 

In the subsequently formed phellem cells there is consider
able variation:— 

(i) In the thickness of the layer. 
(ii) In the size and shape of the cell and cell wall. 
(iii) In the amount of the cell contents. 

(Jc) Method of Shedding Scales. 
In shedding scales, the cork layer always splits off two or 

three cells from the exterior, thus leaving most of the cork 
layer to form a covering for the new scale when it forms. This 
reaches its highest expression in rimu, where the thick cork 
layer appears to the naked eye almost like another thin scale, 

63 



(I) Identification. 
It has been found possible, in regard to the seven main 

trees studied, to construct an identification key based on the 
microscopical structure of a mature scale, or, in the case of the 
fibrous type, on the structure of the mature bark. This identi
fication is based on the following points:— 

(i) The width and appearance of the cork layer and 
the structure of the individual cells. 

The development of secondary cortex and the 
appearance of the stone cells in it. 

The amount of development of stone cells in the 
phloem and their size and appearance. 

Below is given a table with the main characteristics of the 
barks of the trees in question, following this an identification 
key based on some of these characteristics:— 

(ii) 

(iii) 

A. 
Indi-1. Phellem layer thick and wavy in appearance. 

vidual cells small with wavy walls. 
2. Extensive development of secondary cortex, the inner

most layer forming a very definite layer of large [ Kahikatea 
stone cells. 

3. Extensive development of stone cells in phloem, but 
plenty of thin-walled phloem elements still present. 

B. 
1. Phellem layer as in A. 1. ] 
2. Extensive development of secondary cortex. Large stone | 

cells, but not forming a definite layer. } Matai 
3. Very extensive development of stone cells in phloem, | 

with very little thin-walled phloem elements present. J 

C. 
1. Phellem layer thick and very regular. Individual cells 

very regular with straight walls. 
2. Extensive development of secondary cortex, but no 

very large stone cells in secondary cortex. 
3. Extensive development of stone cells in phloem, plenty j 

of thin-walled elements present. J 

D. 
1. Phellem layer not very thick, individual cells small ] 

and regular. \- Miro 
2. Secondary cortex well developed, but stone cells small, j 
3. Stone cells in phloem very small and round. J 

E. 
1. Phellem layer only two cells thick. ~] 
2. No secondary cortex. [-'Totara 
3. No stone cells in phloem. J 

F. 
1. Phellem layer thick, individual cork cells large, thin- 1 

walled and very irregular in outline. \- Silver pine 
2. Very little secondary cortex with no stone cells. | 
3. Few small rounded stone cells in phloem. J 

Rimu 
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G. 
1. Phellem thick, individual cells large and densely filled "] 

with contents, very regular. [ Tanekaha 
2. Very little secondary cortex, no stone cells. 
3. No stone cells in phloem. 

IDENTIFICATION KEY. 
Bark fibrous . . . . . . . Totara 

Bark scaly— 
A. Phellem layer thin (not more than 12 cells) . Miro 
B. Phellem layer thick (more than 60 cells). 

1. Stone cells present in secondary cortex. 
(a) Phellem wavy. 

(i) Secondary cortical stone cells in 
regular layer . . . Kahikatea 

(ii) Secondary cortical stone cells irre
gular . . . . Matai 

(b) Phellem regular . . . . Eimu 

2. Stone cells absent in secondary cortex: 
(a) Stone cells present in phloem . . Silver pine 
(b) Stone cells absent in phloem . . Tanekaha 

EXPERIMENTAL ESTABLISHMENT OF KAHIKATEA. 

( F . J . F I E L D . ) 

With the primary object of continuing intact in a State 
Forest a small area which would serve to typify the original 
kahikatea forests of the Manawatu swamplands, and with the 
additional object of ascertaining the rate of growth, and the 
possibility of producing the species successfully by artificial 
means, a small plot of 0-6 acres was planted with three year old 
kahikatea trees in June, 1931. 

The plot is located in State Forest 98, an area of 14 acres, 
being parts of Tuwhakatupua 2 D and 2 F, Block IY., Mt. 
Robinson S.D., located 14 miles from Palmerston North. 

Soil: 
Before settlement the district was wet, low lying, covered 

with kahikatea forest and "niggerhead" (Carex secta) swamp 
and subject to heavy flooding by the Manawatu River. Clearing, 
draining and river protection work has converted the land into 
rich dairying country. 

Approximately l l acres of State Forest 98 is covered with 
kahikatea forest, 10" to 24" diameter trees predominating. The 
remaining three acres is open, being originally a "niggerhead" 
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