
CHEMICAL ASPECTS OF THE SOIL OF THE 
RIMU FORESTS. 

(M. M. Burns.) 
(Note.—The expression pH used in this paper 

may be denned briefly as a measure of acidity. The 
value 7.0 equals neutrality. Lower values indicate 
acid, and higher values alkaline conditions. The 
lower the pH the greater the acidity, so that a "rise 
in p H " indicates a decrease in acidity.—Ed.) 

The study of the soil in its relation to forestry prob
lems is one of fairly recent origin. Although much has 
been done on this relationship in the timber-producing 
countries of Europe, little or nothing has been done in 
this country, with the unfortunate result that consider
able areas which formerly yielded excellent milling tim
ber are now mere desolate wastes overgrown with 
bracken fern (Pteris), blackberry, a worthless scrub Cop
rosma parviflora) and a host of exotic weeds. 

The principal aims of the investigation were to ascer
tain as nearly as possible the effects of vegetation and of 
milling on the acidity and humus content of the soil, 
since these were considered likely factors affecting the 
regeneration of the more valuable timber trees. In order 
to do this a series of six groups of sample plots, total
ling twenty-five in all, were established on the Experi
mental Station, each group containing areas typical of 
a particular stage between open waste and mature 
forest. This series was supplemented by twenty-five 
additional plots in other parts of the district. Before 
proceding to a description of the results, a generalised 
sketch of the soil type found in the district will be out
lined. 

The cool, humid conditions prevailing have produced 
a soil which closely resembles the podsol type, and Easter-
field, Rigg and Bruce have shown that the closely allied 
pakihi lands have a chemical and mechanical composition 
almost identical wtih that of typical European podsols. 

The important characteristics of these soils should 
therefore be the same as those1 of the comparable New 
Zealand soils—a finding which received ample proof from 
the measurements made. In brief, these soils are asso
ciated with a slow decomposition of the raw humus in the 
surface horizon, an excess of percolation over evapora
tion, and a consequent leaching of soluble substances and 
exchangeable bases from the horizons immediately suc-
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ceeding. This is closely followed by the migration of 
humus and the sesqueoxides from the same regions. Sub
sequent to leaching a deposition of the humus and ex
changeable bases occurs at a lower level, forming a dark 
coloured horizon known as the zone of accumulation. The 
cementing action of the substances in this zone leads to 
the formation of a hard, reddish brown layer, or hard
pan. The depth at which this pan is formed depends 
largely on the environmental factors and the nature of 
the parent rock, but was found within 18 inches of the 
surface in many of the open plots situated on slopes. ' 

Skeen, from evidence obtained on the formation of 
hardpan, concluded that there was a critical pH above 
which it could noi be formed in acid clay soil. The 
range of pH within the limits of which hardpan was « 
formed was given as pH 4.7 to pH 4.95. A. ferrocyanide 
test for Fe. on the hardpan of plot 5 gave a deep blue, 
indicating a high Iron content, whilst the pH values of 
the hardpans found were:— 

Plot 5 pH 4.92 
., 7 , 4.88 
„ 10 „ 4.77 
„ l l .... .... „ 4.71 

These results show a striking resemblance to the 
values given by Skeen, and fall not only within the limits 
found by that author for the precipitation of Iron, but 
also within the range of pH mentioned for the presence 
of hardpan. Measurements were made of the— 

Soil acidity, 
Organic matter, 
Nitrate content, 

the methods used being as far as was possible the most 
accurate. 
Soil Acidity: 

The method adopted was the measurement of the 
potential of an element made up of a Standard Quin-
hydrone half-cell connected through a middle vessel of 
saturated KCI. and. an agar agar bridge to the soil sus
pension, The pH corresponding to the potential found 
was read off Prescott's conversion table. From prelim
inary work the ratio was fixed at 5 : 1 conductivity 
water: air dried soil and the electrodes were bright 
Platinum sheets. 

Organic Content: 
Measurements were made on this since it appeared 

from a preliminary observation of the profiles that there 
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existed a close relationship between this, the acidity of, 
the age of, and the regeneration of, the stand. Further, 
the thickness of the raw humus layer should provide some 
idea of the activity of micro-organisms and of Nitrogen 
transformation. Method used was dry ignition and re
placement of 0 0 ^ lost from carbonates by drying in 
presence of ammonium carbonate. 

Nitrate Measurements: 
The classical researches of Hesselman and Melin 

have clearly proved the great importance of nitrogen 
mobilisation in the humus layer on the growth of, and 
the regeneration of, forest trees. For this reason deter
minations were made of the nitrate content of the plots 
(1—25) to find whether this was of equal importance in 
the regeneration of the Eimu. Since adequate facilities 
were not available owing to the isolation of the plots^ for 
the more accurate determination of nitrates by distilla
tion, after reduction to ammonia, a handy but fairly rapid 
colormetric method had to be substituted. The method 
used was that adopted by Clarke—the principle of which 
is the nitration of phenol-disulphonic acid, the resultant 
yellow solution being compared with a suitable standard 
containing a known weight of Nitrogen per ce. 

Discussion of the Nitrate Results: 
The most noteworthy fact brought out by the values 

obtained, is the extremely low concentration of nitrates 
present in these soils. This seems to be a well marked 
feature of this type of soil, for similar results have been 
recorded by Hesselman, and Nemec and Kvapii, for Euro
pean podsols bearing conifers. It is regrettable, too, that 
means of estimating the ammonia content were not avail
able for the results obtained by Aaltonen, Nemec, Clarke 
and others have definitely shown that the higher -the 
acidity the slower the change NH^—i NO* with a conse
quent accumulation of ammonia. 

Nemec and Kvapil have shown that conifers prefer 
their nitrogen in the form of ammonia, whereas the hard
woods chiefly absorb nitrates. This appears quite reason
able since the raw humus layer of deciduous forests has 
always been found to have a lower acidity than that pre
sent in coniferous forests. Even though the measure
ments made were few, this difference was noticeable in 
the Rimu forest where the semi-deciduous trees (Quin
tinia and Weinmannia) were present. Waksman, too, 
has proved that the pH was an all-important factor in 
controlling the numbers of aerobic and anaerobic bae-
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teria in the raw humus layer. He particularly stressed 
the importance of the anaerobes in the fixation of nitro
gen in forest soils. It is apparent, then, that the low 
values obtained for Rimu forest soils were not excep
tional, but, on the contrary, Avere much as should have 
been expected. 

Summation of Observations on Nitrate Content: 
1. Low concentration of nitrate in all horizons. 

Greatest amount in the surface layer, but the third hori
zon often contained more than did the intermediate zone 
—which may be due either to leaching or to a greater root 
production in the B zone. 

2. Plots with greatest scrub cover gave the highest 
values showing a beneficial effect of semi-deciduous 
species, chiefly "Weinmannia and Quintinia, on the num
ber of nitrifying organisms. 

3. Close assocation of low nitrate content, "high 
organic content and high acidity. This finding is similar 
to that recorded by workers on European coniferous 
forests. 

4. Values in the third zone show the greatest regu
larity doubtless because it is the least affected by the 
vegetation and climatic conditions other than rainfall. 

Suggested Explanations of the Low Concentration of 
Nitrate: 

1. The acidity of the soil in this type of forest was 
so high that it exceeded tho optimum for the aerobic 
nitrifying bacteria. Waksman gives this value as pH 5.5 
to 6.0, whereas the pH's found were well below this and 
nearer the optimum for the production of ammonia. 

2. Since all other conditions were closely parallel to 
those of European coniferous forests where Nemec and 
Kvapil and others found a high ammonia content, the 
production of chiefly ammonium compounds appears very 
probable. 

3. The measurements were made at the close of the 
growing season when low temperatures and high rainfall 
would not be favourable for a production of nitrate in 
any quantity. 

4. Practically all the species of the forest are ever
greens so that very little light reaches the surface of the 
raw humus layer. 

5. The conditions were almost ideal for the anae
robic bacteria (i.e., high acidity, much raw humus, poor 
aeration), so that any nitrate formed would quite likely 
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be reduced "to ammonia, thai is, conditions would tend to 
t-everse 1 he read ions "N Iln tyA NO 2 ^ z z t iM"0-ff. 

6. Many workers have shown thai nitrification is 
closely related to the toxicity of the tree products and 
the almost complete absence of undergrowth under some 
comparatively pure Rimu and Silver pine stands (plots 
1—4) suggests that these trees may shed toxic products 
in the bark. 

7. The deficiency of Calcium in these soils as shown 
by the Truog test papers is accompanied by the produc
tion of acid complexes in the soil, which is prejudicial to 
the production of nitrate by micro-organisms. 

The Nitrate Content in Relation to the Rimu: 
Although the concentration of nitrate is very low, 

the Rimu is a slow growing tree and may even be able 
to assimilate ammonium compounds—a view expressed 
by Aaltonen for European conifers. 

Of course, al] the New Zealand podocarps have ex
tensive mats of surface roots covered with nodules, in 
many cases almost wholly exposed to the damp atmo
sphere of the forest. Various physiological functions 
have been assigned to these nodules, and Yeates (in an 
unpublished paper) has concluded that these serve 
primarily for the storage of water. He was led to this 
conclusion when fully developed nodules were found 
without any fungus present, although the great majority 
had considerable fungal contents in the cortical layers. 
lt is quite possible from the investigations of workers on 
other podocarps that the fungus is associated with the 
nitrogen nutrition of the plant as an important sub
sidiary function. Melin, for example^ has clearly proved 
the ability of mycorrhiza to utilise more complicated 
nitrogen compounds such as would be produced during 
the decomposition of raw humus, than can ordinary roots 
alone. 

Thus tihe nitrates and ammonium compounds, doubt
less present in greater quantity during the active grow
ing season, and the probable supply of the more complex 
organic nitrogen compounds from the mycorrhiza, would 
provide sufficient nitrogen for the satisfactory growth of 
the stand. 

Discussion of the pH Results: 
The podsol type of soil, especially when bearing a 

coniferous forest, has typically a high acidity (low pH) 
particularly in the surface soil. This wras borne out by 
the results obtained, tihe highest pH found, 5.4, being still 
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well on the acid side of neutrality. At least 70 per cent. 
of the plots showed pH's ranging from 3.4 to 4.0 in the 
A zone, if present. The values are strikingly close and 
constant for each horizon in plots belonging to the same 
group, whilst all the values obtained are included in the 
narrow range of from pH 3.4 to pH 5.16. This is probably 
due to the fact that the plots were established on areas 
which were either supporting good Rimu bush, or had 
done so, previous to milling operations. 

TABLE OF RESULTS. 

Pioi 

1 

o 

3 

4 

5 

Plot Description 

Pole stand, Eimu— 
S.P. Lit t le under
growth. 
Pole stand, S.P.— 
Eimu. Lit t le under
growth. 
J^ole stand, S.P.— 
Eimu. Lit t le under
growth. 
Pole stand, Eimu— 
scattered S.P. Lit t le 
undergrowth. 
Mature Eimu milled 
& burnt 18 years ago. 
Definite pan. 
Mature Eimu milled 

1 and burnt 18 years 
6 | ago. Blue clay base 

| & heavy grass cover. 
| Mature Eimu milled 

7 | & burnt 18 years ago. 
| On slope, pan present 

8 

9 

10 

Mature Eimu milled 
& burnt 18 years ago. 
"Boggy. Sphagnum 
entering. 
Milled Eimu, Slope. 
Eimu regenerating 
freely. All 3 zones. 
No definite pan. 
Milled rimu, scrub 
cover, rimu regen. 
freelv. All 3 zones. 
Pan present. 
Milled rimu, rimu re-
gen. freely. All 3 

1 ^ 
c 
° 1 N 

A 
B 
C 
A 

Acidity in Organic 
terms pH- Content 

Apr. June JuhfApr. June Tuhj" 
3.88j3.77|3.94. 
4.03(4.2614.25 
4.4414.49 4.40 
3.74 

B |4.22 
C 
A 
B 
C 
A 
B 

3.66)3.55 
4.1114.03 

4.2914.4314.39 
3.84 
4.25 
4.37 
3.90 
4.03 

C [4.39 
A | — 
B |4.55 
0 |4.95 

A 
B 
C 
A 
B 
G 

A 
B 
C 

A 
B 
0 

A 
B 
G 

A 
l l zones. Pan present. 1 B 

i On slope. | C 

— 
4.22 
4.70 

4.25 
4.83 

4.38 
4.96 

4.26 
4.51 

4.0713.75 
4.3514.28 
4.43(4.72 
4.02 
4.25 
4.42 

4.49 
4.88 

54.1|47.4!45.5 
18.2|15.5|20.5 

9.21 6.6| 8.5 
59.0 
15.8 

9.3 
46.4 

9.5 
8.8 

3.98134.7 
4.21 
4.65 

4.88 
4.92 

| 
— 

4.36 
4.69 

4.78 
4.99 

4.43 
5.1 

4.17 
4.58 

5.0515.14 

4.39 
4.75 
4.98 

4.15 
4.61 
5.09 

4.36 
4.78 
5.05 

4.27 
4.67 

— 
4.43 
4.78 

4.5 

10.7 
10.1 

6.4 
5.5 

_ 
1.3.4 
4.1 

6.6 

62.9J66.5 
20.6126.4 

1 Nitrate in 
cp. 10 M. 

lApr. June 
3.37 
3.12 
3.42 
3.51 
3.59 

9.5J 9.0)3.37 
40.8 
11.8 
5.5 

32.8 
8.2 
5.4 

39.0 
21.1 

8.1 
33.7 

8.8 
4.4 

10.91 6.9 
3.3 

— 
17.2 

6.2 

11.4 
4.83| 2.0| 2.9 

4.47 
4.94 

4.37 
4.43 
4.97 

4.37 
4.77 
4.95 

4.36 
4.85 

5.015.4 

10.7 
3.2 

11.7 
4.0 
3.3 

8.8 
5.9 
5.3 

6.6 
5.6 
3.1 

15.1 
3.0 

14.3 
4.1 
3.6 

10.9 
6.4 
5.0 

18.6 
6.2 
4.1 

2.3 

— 
17.0 
4.2 

9.4 
2.4 

14.9 
3.4 

12.2 
3.9 
3.5 

9.5 
6.1 
6.3 

9.0 
3.7 
3.1 

3.58 
3.15 
3.48 
3.46 
3.46 
3.06 

4.0 
3.3 

— 
6.0 
5.6 

4.2 
4.36 

4.9 
4.12 

4.72 
5.43 
4.56 

6.35 
4.66 
4.00 

5.2 
4.5 
4.70 

5.44 
[4.84 
4.0 
5.4 
5.44 
4.48 
4.48 
4.4 
3.76 
4.63 
4.44 
3.24 

4.4 
3.72 

— 
7.44 
6.6 

— 
•— 
— 
• — 

— 
— 
— 
• — 

— 
.— 
• — 

— 

.— 
__ 

.— 
„ 

— 

4.4 -
4.84 

5.0 
4.08 

4.76 
5.76 
4.72 

6.12 
4.88 
4.16 

5.16 
4.84 
4.68 

— 

— 
— 

— 
— 
— • 

— 
— 
— • 

— 
— 
— 
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(Table of Results.—Continued.) 

Pioi 

1 
1 

12 | 

13 1 

14. 

15 

16 

17 

18 

19 

20 

21 

22 

«i Acidity in I Organic i Nitrate in 
c terms pH. Conient p.p. 10 M 

Plot Description . o 
; N[Apr. June JulyjApr. June JulylAp. June __ 

Opening, crest of 
slope, virgin bush. 
Rimu regen. under 
broadleaved spp. All 
three zones. 
Rimu stand milled 
but unburnt. Fair 
cover. Regenerating. 
Virgin mature rimu 
Slope. Friable rock, | 
zone covered with 
heavy humus. 
Virgin, opened in 
places. Slope. Very 
heavv cover r a w ' 
humus. 
Virgin. Boulder & 
rocky base. Raw 
humus not so heavy. 
Virgin. Deciduous 
cover lighter. Cement 
conglom. base. Heavy 
mat raw humus. 
Virgin. Slope. Very 
heavy raw humus 
cover. 
Milled unburnt rimu-
miro. Regeneration o'f 
Rimu, Totara, S.P. 
Milled unburnt. De
pression, very wet. 
B and C zones only. 
Milled unburnt. 
Slope, fern cover, all 
3 zones. 

j Milled & burnt. De-
| pression. S.P. regen. 
j in muck of high 

humus content. 
Pole stand, Rimu, 

23 j Rata, S.P. Free re
gen. o!f S.P. on 

| fringes. 

24 

25 

Milled, unburnt. 
Boggy slope, poor 
drainage, S.P. regen. 
Milled, unburnt. 
Poorly drained slope. 
Rimu & S.P. regen. 

Ap 
B 1 
C 

A j 
B | 
C | 

A | 
B | 
C | 

A | 
B 
G 
A 
B 
C 

A 

C 
A 
B 
C 
A 
B 
C 
A 
B 
C 
A~ 
B 
C 

A 
1 B 

C 

A 
B 
C 
A 
B 

l c 

A 
B 

I C 

±.05p 
1.44 
5.13| 

4 j 9 | 
4.54| 
5.12| 

3.931 
4.04| 
4.81| 

3.43 
4.43 

3.93 
4.08 
4.85 

3.54 
4.36 
4.69 
3.66 
4.10 

4.07 
4.23 
4.39 
4.25 
4.43 
4.65 
4.28 
[4.32 
|4.37 

|4.2 
|4.61 

[3.94 
|4.18 
|4.48 
|3i83 
|4.41 
14.77 

[4.41 
'4.77 

1.224.25| 
1.4 14.411 
5.155.04 

4.36|4.41| 
5.16|5.09| 

4.10 3.84| 
4.1813.96! 
4.93|4.84| 

3.401 
4.35 

4.09 
4.01 
4.90 

3.75 
4.44 
4.86 
3.69 
4.25 

4.39 
4.71 

4.03 
4.28 

4.04 
|4.58 

4.5 
|4.67 

3.86 
[4.21 
J4.5] 

|4.23 
r|4.66 

L4.2£ 
'|4.6S 

38.2|-
6.3| 
3.0 

34721 
15.0| 

4.6| 

57.01 
5.1) 
3.2| 

1 1 1 18.5[59.2|8.6 | 
5.71 7.9|4.8 | 
3.9 4.5 3.0 | 

1 1 J 

14.4 8.2| 
3.8| 3.6, 

4.4 | 
3.8 
3.6 

\ \ \ 
56.2(55.65.8 

7.1| 6.7[5.7 
4.8[ 3.1|5.5 

1 1 i 1 
3.46[63.5|67.4[65.3|5.2 
4.40 5.3l 9.2| 5.1J5.3 

— | —I — | — |4.oo 
3.96 
4.06 
4.87 

3.63 
4.34 
4.91 
3.80 
4.22 

4.25 
4.72 

4.12 
4.40 

4.06 
4.64 

[4.65 
[4.69 

14.00 
4.13 
[4.59 

|4.27 
5|4.8£ 

M.2£ 
J|4.84 

47.5|54.7|50.1|4.4 
10.8|13.3|10.2|4.2 

7.1| 8.4 8.6S4.0 

37.7|48.1|47.0|4.0 
5.6110.91 7.1 3.8 
3.4| 4.6 5.8J3.8 

56.2 
4.3 

16.1 
7.1 
3.0 

28.4 
18.5 
5.9 

27.6 
[16.2 
| 6.2 

[18.6 
| 4.1 

[33.5 
[14.6 
| 3.3 
]36.~S 
(19.9 

Jl 3 i 

)15.( 
t 4.( 

69.2[64.2 
4.0| 3.3 

i 

8.1| 9.2 
4.3] 2.5 
- | -

21.1|19.3 

3.6| 6.4 

121.6|16.0 
j 3.7J 3.5 

120.5 
9.2 

[38.1 
|13.0 
| 3.4 

'118.8 
l\ 4.9 

i|15.2 
*| 6.4 

6.2 
5.2 

|5.3 
6.0 
[6.0 
[6.3 
[6.3 
|5.9 

6.7 | 
4.2 j 
3.86| 

5.76| 
4.48] 

4.72J 
6.04| 
5.441 

— 

— 

— 

1 
5.4 | — 
5.2 | -

5.64 
3.8 
5.04 

5.1 
3.92 
4.44 
6.25 
4.8 

[5.84 
5.92 

4.84 
5.16 

[5.7 '[5.73 
|6.2 [5.88 

| 1 
17.44.2 14.64 

7.115.1215.40 

~~i~'"r~ 
31.5|4.76|4.92 
16.5j4.064.12 

3.6|4.72|4.84 
|17.4|3.9 "|3.9e 
I' 4.3|4.84|4.9( 

— 

— 

— 

— 

l -

1 -
1 -
1 — 

1 - | - | - I " 
17.2 3.7 |3.92| — 
| o.4|4.16|4.32| — 

l l 

http://16.5j4.064.12


Summation of Findings: 
L Vertically acidity decreased downwards (pH in

creased), the change being largely controlled by age and 
type of cover. Horizontal changes apart from drainage 
effects and cover were unimportant if distance between 
sample holes was not great, Topographical variations 
were important on milled over areas where a raised water 
level due to blocked natural watercourses favoured the 
introduction of Sphagnum and tended to prevent activity 
of the organisms of decay resulting in a "preservatised" 
profile with high organic content. 

2. Definite relationship existed between the A, B, 
and C zones so that as the stand aged, A increased and 
C decreased in depth, due to leaching into it of products 
of decomposition and to breaking up by roots, resulting in 
a greater depth of B zone. As A, the most acid layer 
accumulated, B slowly decreased in pH and C also showed 
a slight increase in acidity. This effect depended largely 
on the age and the constitution of the cover—semi-decid-
ous species (Quintinia and Weinmannia), tending to de
crease the acidity throughout. 

3. Acidity showed' a very definite relation to the 
organic content and any feature, whether it be advanced 
age or heavy growth of Rimu—which tended to give an 
increased organic content brought about a corresponding 
increase in the acidity of the zones. 

4. A. heavy fern cover following on a burn tends to 
counteract the beneficial effects of the burn and lower 
the pH slightly. A heavy sprinkling of broad-leaved and 
semi-deciduous species in the forest has a beneficial effect 
both on acidity (which it decreases) and the rate of 
decay. 

5. A comparison of results obtained for the plots 
under mature Rimu, mature Silver pine and mixed stands 
showed, that so far as the measurements extended, no 
significant difference in pH could be identified. Not only 
does it appear that the high acidity of the zones has no 
detrimental effect on the growth of the cover, but there 
does not seem to be any foundaton for the assumption 
that Silver Pine prefers soils of higher acidity than does 
Rimu. Rather the converse appears more likely, since 
the Rimu gives rise to a pronounced raw humus layer, 
and a larger surface root system than does the Silver Pine, 
and thus provides increased opportunities for the activity 
of anaerobic bacteria. 

6. Similar changes follow both milling anci burning, 
but the latter operation following on the former brings 
about the changes much more rapidly. Operations result 
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in a marked decrease in organic matter and a fairly con
siderable rise in pH in the surface layers. This effect 
depends on conditions of the burn and becomes less 
noticeable with increasing age of the area. 
Regeneration Problems: 

Perhaps the most important problem in New Zealand 
forestry is that of securing a satisfactory natural regener
ation of the dominant milling trees subsequent to the 
usual method of logging. Whereas many isolated areas 
show a heavy growth of seedlings, the greatest amount 
of the former timber producing areas remain waste land 
for a lengthy period. 

Hesselman, after considerable research, was led to 
the conclusion that the source of the difficulties met with 
in the regeneration of Norrland pine heaths was trace
able to the unfavourable nature of the raw humus layer. 
Later in 1917 he published a paper in which he showed 
that the success of natural regeneration was closely 
bound up with the mobilisation and more especially with 
the nitrification ol* the humus Nitrogen; the slow trans
formation of thumus being the chief obstacle in the way 
of regeneration. 

The comparable results obtained and the similar con
ditions present, lead naturally to the belief that the re
generation of the Rimu is similarly affected by the thick 
raw humus layer so typical of the mature stands. Hessel
man further showed that the increased access of light to 
the humus covering brought about by felling had a strong 
influence on the transformation of nitrogen, whilst the 
beneficial effects of a burn on regeneration, in some areas. 
were similarly ascribed to the increased nitrification. 

In the Rimu plots, it must be remembered that the 
increased light due to felling and burning was accom
panied by a rise in the pH value. Whether this would 
have been the case if measurements could have been made 
on freshly burnt areas is controversial, for, if as Hessel
man has shown, burning increased the nitrification, then 
there should have been a i;esultan1 fall in pH due to the 
production of nitric acid. This production would be 
slight, if decomposition took place slowly as seemed.to be 
the case with the raw humus of Rimu origin, and the acid 
might quite weil have been leached into the lower zones 
as formed. 

The depth of the raw humus layer, the carbon dioxide 
content and the rate of decomposition along the contact 
face between the humus and the soil proper must-also "b^ 
important in the control of aeration and moisture condi
tions—both of which would be important factors not only 
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in the germination of the seed, but also in the seedling 
stage. 

Whether the successful regeneration which was tak
ing place on the plots of group III (Plots 9—13 incl.)? 
was due to the higher nitrate content or to the lower acid
ity, which would also accompany felling, is controversial, 
but the regularly low nitrate values obtained over all the 
plots as compared with the marked difference in pH be
tween mature and regenerating plots strongly favour the 
latter suggestion. This also receives support from a com- f 
parison of the pH values of the group .[Ji. plots where 
the consistently-high values of each horizon showed only 
slight variations, for plots with dissimilar profiles. Thus 
plot 12 had a fine sandy cement-like rock foundation, 
plots 10 and l l had a well marked pan, and 13 a friable 
moist yellow claiy. Yet the pH values showed a maxi
mum difference of only .2pH. 

Although the soil acidity appears to be one of the 
most important factors in the early stages of growth, tlie 
gradual increase shown as the stand ages seems to prove 
that it gradually loses its importance as a factor govern
ing distribution, and becomes a result of, rather than the 
cause of, the stages which ultimately culminate in a 
mature Uinm stand. Any condition which would tend to 
maintain the high acidity of the mature stand, after fell
ing, would then assume importance as a factor control
ling regeneration, and this may explain the absence of 
seedlings on Sphagnum invaded depressions, which were 
found to remain in a more or less "preservatised" condi
tion for years. 

The importance of burning in relation to regenera
tion will be briefly discussed, since by far the greatest ^ , 
proportion of the milled areas have been either acci
dentally or intentionally fired. That some change follow
ing a burn is beneficial, was shown by the successful re
stocking of some areas, but the absence of seedlings on 
the remainder, also suggested a detrimental accompani
ment to this operation. 

Regeneration was most successful oil those plots 
where the humus layer was slight or wholly absent, and 
the pH was fairly high. Now a burn was shown to bring 
about a decrease in organic content, and an increase in 
pH, just those changes which should be of greatest bene
fit. If the nitrate content is also a factor of importance 
in regeneration, then this, too, would benefit from the 
burn, which should increase nitrification both directly and 
indirectly by addition of Calcuni ash. The possibility of 



the alkalinity of the wood ash resulting from the burn 
affecting the germination, would be comparatively un
important owing to the regular high rainfall. 

Unfortunately, a burn following milling operations 
almost invariably kills all the remaining trees, particu
larly Rimu, so that restocking of the area is hindered due 
to the lack of the seed and not to an unfavourable seed 
bed. A further important result of the burn is the rapid 
growth of Paesia fern over the whole area, and this cover 
excludes all seedling vegetation. This heavy fern cover 
would be detrimental to stocking in at least three ways. 

1. It would exclude light from the surface of the 
soil—light being important in promoting increased nitri
fication and in assisting those changes resulting in a de
creased acidity. 

2. It would smother any seedlings that did succeed 
in germinating. 

3. Apart from the exclusion of light it would tend 
to retard a decrease in acidity since it has been shown 
that a growth of fern lowers the pH slightly. 

It would appear from the above results that a burn, 
so controlled that isolated male and female trees within 
pollenating distance of each other could be left, would 
be of direct benefit in hastening those changes in the soil 
which result in favourable conditions for regeneration. 

Conclusions: 
1. Soil type and changes due to vegetation similar 

to European podsols. 
2. pH's cover a narrow range for the entire area 

but plots with a similar history and under comparable 
conditions give characteristic values. 

3. Soil acidity appears to be an important factor in 
early stages of growth, but later becomes a result of, 
rather than a cause of, plant succession. 

4. Vertically the acidity shows a constant decrease 
downwards, but the horizontal change is slight and de
pendent chiefly on plant cover and drainage. 

5. Vegetation generally lowers the pH (increases 
acidity), the effect increasing with age of the stand. 

6. Semi-deciduous species, Quintinia and Weinman
nia, have a beneficial effect on rate of decay and in 
lowering acidity of the surface zones. 

;; 7." Low.nitrate content associated with high per
centage of organic matter and high acidity. 

8. Regeneration most successful on areas with low 
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organic content and fairly high pli, particularly in the 
unleached O zone. 

9. A controlled burn following milling should prove 
beneficial in that it hastens those changes in the soil 
which accompany rapid regeneration. 

The results obtained represent a very few of tlie 
interrelated factors upon which the wellbeing* of the rain 
forest depends. The closest relationship exists between 
this type of forest and the chemical, physical, biological 
and ecological conditions present; the whole being inter
dependent and inseperable, a fact which receives greater 
stress from the difficulty experienced in separating the 
organic content, soil acidity, and lime requirements, into 
separate sections. Needless to say. care must be taken in 
the interpretation of measurements made upon isolated 
factors since these lose much of their significance when 
the associated conditions are unknown. Nevertheless, the 
values found do certainly seem to justify the conclusions 
drawn, and, it is hoped may serve to stress the import
ance of the changes occurring in the soil subsequent to 
mil ing on the succes.ful growth of taxad seedlings. 
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