
PUMICE SOILS AS A MEDIUM FOR TREE GROWTH 
2. POT TRIAL EVALUATION OF NUTRIENT SUPPLY 
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SYNOPSIS 

In the six major layers of a pumice soil prople, crops of Pinus 
radiata seedlings were grown in each of four successive growing 
seasons. Each layer's ability to supply N, P, K, Mg, and Ca was 
evaluated by supplying the others in fertilizer additions. The 
roots and shoots of each crop were harvested and analysed to 
obtain nutrient concentrations and total uptake. 

The uptakes of N and P were very small from all layers except 
the topsoil. While there was a steady supply of N from the topsoil, 
the uptake of P decreased with time. The three layers of Taupo 
pumice found immediately beneath the topsoil contained good 
supplies of K but only low levels of Mg. In contrast, a buried 
topsoil now found at a depth of 8 ft proved to have a limited 
supply of K but was a good source of Mg. 

When the removal of nutrients in forest produce is considered 
in relation to the supplies available in the soil, it is apparent 
that supplies of K and Ca are ample for several crops but N, P 
and Mg deficiencies can be expected to restrict growth within 
the next two crops unless additional supplies become available 
from such sources as atmospheric precipitation, the fixation of 
nitrogen and soil weathering. 

INTRODUCTION 

It has been shown in the first paper in this series (Will and 
Stone, 1967) that the moisture storage capacity of a typical pumice 
soil is high; this paper gives the results of a pot study in which 
crops of radiata pine seedlings were used to assess quantities of 
N, P, K, Mg, and Ca available to trees within the major layers 
of the same soil. 

Following the abandonment of farming over large areas of the 
pumice soils of the central plateau of the North Island because of 
"bush sickness", a cobalt-deficiency illness of cattle, large plantings 
of exotic conifers — particularly radiata pine — were made in the 
1920s and 1930s. These forests have grown well without the use 
of fertilizers and nutrient deficiencies are unknown, with the 
minor exception of a temporary Mg deficiency in some young 
stands (Will, 1966). This is in contrast to farming, which recom
menced after methods of preventing "bush sickness" had been 
devised. Here, substantial applications of superphosphate are 
needed to establish and maintain clover-rich pastures as an indirect 
source of soil nitrogen and, after some years, applications of potash 
are also needed to maintain production. Because of the high level 
of dry matter production in these forests (Will, 1964) it seems 
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possible that, in time, the deficiencies which restrict pasture 
production may also affect tree growth. 

Some estimates of total and available Ca, K, and P in the surface 
three feet of a representative pumice soil were made by Will 
(1964) but more information was sought on a wider range of 
nutrients. Chemical tests developed for estimating the quantities 
of nutrients present in a form that plants can use are excellent 
for some soils growing crops that mature in weeks or months but 
they can be unsatisfactory when considering tree crops whose 
lives are measured in decades. The total amounts of nutrients 
present in a soil are a guide to the quantities potentially available, 
but can be unreliable unless the rates of weathering and mineraliza
tion are considered. Although it is in some respects inadequate, 
the intensive cropping of a soil with successive plant crops, as 
used in the present study, is one of the better means of assessing 
the quantities of nutrients that are immediately available for 
plant uptake or can become so within a reasonably short period. 

MATERIALS AND METHODS 

Compartment 69, Kaingaroa Forest, has been set aside for 
experimental work and it was chosen for this study because the 
soil type, Kaingaroa silty sand (Vucetich et al., 1960) covers many 
thousands of acres in the forest and also it is now growing a 
second crop of radiata pine — the first was clearfelled in 1957. 
The moisture-retaining properties and some of the chemical pro
perties of the soil layers from this site are also representative 
of the soil over a large area (Will and Stone, 1967; Will, 1964; Healy 
et al, 1964). 

Figure 1 shows the soil layers that occur to a depth of 8.5 ft and 
whose moisture-holding properties were described in Part 1 (Stone 
and Will, 1967). The six major layers that are found above this 
depth were tested in the pot trial. Layer I is the present topsoil and 
layers II and III the upper and lower parts of the Taupo fine ash 
that lie immediately beneath it. Layer IV is the coarse material 
(lapilli) of the same ash shower. Layers VI and VIII are buried 
soils developed on older ashes (see Appendix). 

Initially only layers I, II, III, VI and VIII were included in 
the pot trial because they are the layers in which most fine feeding 
roots are found. Later layer IV was included because, although fine 
roots do not ramify through it, it is a major component of the 
soil profile and one which future crops may exploit more heavily. 

In spring (October) 1962, ten 2Vi gal buckets were filled with 
each of layers I, II and VIII ; eight buckets were filled with layers 
III and VI. Pairs of buckets received the following fertilizer treat
ments designed to test the soils' abilitv to supply the nutrients 
not added: Control, PK, NP, NK, NPK. 

Past experience suggested that layers III and VI would be 
unable to supply appreciable quantities of N, so the PK treatment 
was omitted for these two layers. 

Radiata pine seed were germinated in perlite and 12 seedlings 
transplanted into each pot. Pots were kept in a glasshouse and 
watered to weight (90% field capacity) regularly with deionized 
water. In May 1963 the appearance and heights of seedlings were 
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I. Taupo topsoi l 
( s i l t y sand) 

l l . Taupo ash 
( s i l t y sand) 

Ml. Taupo b lock member 

( sand) 

IV. aupo lapi l l i 
( f ine gravel) 

V. Rotongaio sands 
( s a n d ) 

V l . O l d surface soil I 
( s i l t y sand) 

V l l . Ash plus some lapi l l i 
(gravel ly sand) 

V i l L O l d surface soil l l 
( s i l t y sand) -\ 

FIG. 1: Nine-foot profile of Kaingaroa silty sand showing sequence of 
layers. Layers L IL UL IV, VI, and VIII were sampled for this study. 
(This figure is repeated from Part 1 in which the captions of layers Vll 

and VIII were transposed.) 

52 



recorded for each pot. Seedlings were then harvested, divided into 
roots and shoots, dried, and analysed for N, P, K, Mg, and Ca 
content. 

The larger shoots were subdivided into stems and needles before 
drying and analysis. 

Further crops of seedlings were grown in the 1963-4, 1964-5 and 
1965-6 growing seasons. Some fertilizer treatments were changed — 
mainly to counteract Mg deficiencies. The 1966 harvest was delayed 
until November to allow a longer period for growth and nutrient 
uptake. The last 4 months of this extended period were spent in a 
temperature-controlled glasshouse. 

Chemical analyses were made by the methods of Metson (1956); 
N was determined by a micro-Kjeldahl technique, P colorimetric
ally with vanadomolybdate, K with a flame photometer, and Ca 
and Mg by versenate titrations until an atomic absorption spectro
photometer became available for the analyses of the 1964-5 and 
1965-6 harvests. 

The ability of layer IV to supply N, P, K, and Mg was tested 
in a trial begun in the 1964-5 season: four treatments, NPK, NKMg, 
NPMg and PKMg, were designed to test the soil's ability to supply 
Mg, P, K, and N, respectively. 

RESULTS AND DISCUSSION 

This study was designed to assess the availability of nutrients 
within the major layers that comprise the tree rooting zone. 
The complex of thin layers that occurs between 5 and 5.5 ft, the 
layer between 6.5 and 7.5 ft, and that below 8.5 ft were omitted. 
Individual layers will be considered before looking at the soil 
profile as a whole. 

It is known that under normal conditions the concentration of 
a nutrient in plant foliage reflects the availability of that nutrient 
in the soil. Past studies (Will, 1961, 1966; Hall and Raupach, 1963) 
have suggested that, when adequate nutrient supplies are available 
to radiata pine, foliage concentrations are at least: N, 1.40 to 1.60%; 
P, 0.10%; K, 0.3 to 0.4%; Mg, 0.06 to 0.08% by weight. 

Little is known about foliage levels of Ca except that, as in 
most other tissues, the concentration increases with age. 

Nutrients are washed from tree foliage by rain (Will, 1959) but, 
as the seedlings in this study were grown in a glasshouse, it seems 
reasonable to assume that the total nutrient content in roots and 
shoots represents the major uptake from the soil root exudates; 
N fixation and root decomposition have not been considered. 

Layer I 

Table 1 shows that, in the first year of the experiment, foliage 
nutrient concentrations for all elements were above the critical 
level in treatments in which they were not added. This suggests 
that the soil was able to supply adequate quantities of all nutrients 
and that no growth responses would be obtained to fertilizer 
additions in the first year. This indication was incorrect: while 
there was little or no response to either N or P added with K, 
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TABLE 1: FOLIAGE CONCENTRATIONS (% DRY WT.) AND 
TOTAL AMOUNTS (GRAMS PER POT) OF NUTRIENTS IN SUC
CESSIVE CROPS OF RADIATA PINE SEEDLINGS GROWN IN 

THE MAJOR LAYERS OF A PUMICE SOIL 

1962-5 1963-4 1964-5 1965-6 
Cone. Total Cone. Total Cone. Total Cone. Total 

Layer I 

Layer II 

Layer III 

N 
P 
K 

Mg 
Ca 

N 
P 
K 

Mg 
Ca 

N 
P 

1.60 
0.12 
0.57 
0.07 
0.16 

1.06 
0.08 
1.35 
0.05 
0.13 

0.08 

0.57 
0.077 
0.49 
0.091 
0.18 

0.06 
0.003 
0.45 
0.033 
0.08 

0.004 

1.34 
0.08 
0.26 
0.07 
0.17 

0.07 
1.07 
0.06 
0.12 

0.78 
0.034 
0.19 
0.083 
0.19 

0.008 
0.76 
0.089 
0.13 

1.10 
0.10 
0.16 
0.04 
0.14 

0.04 
0.70 
0.03 
0.17 

0.46 
0.017 
0.07 
0.033 
0.11 

nil 
0.44 
0.011 
0.09 

1.35 
0.09 
0.14 
0.03 
0.16 

— 
0.33 

-— 
0.06 

0.58 
0.01 
0.08 
0.027 
0.16 

— 
0.26 

— 
0.08 

K 1.20 0.22 1.34 0.71 0.65 0.35 0.38 0.30 
Mg 0.05 0.019 0.06 0.032 0.03 0.010 — — 
Ca 0.19 0.06 0.13 0.07 0.14 0.07 0.10 0.08 

Layer IV 

Layer VI 

Layer VIII 

N 
P 
K 

Mg 
Ca 

N 
P 
K 

Mg 
Ca 

N 
P 
K 

Mg 
Ca 

— 
— 
— 
— 

0.11 
1.07 
0.07 
0.23 

1.03 
0.04 
0.41 
0.07 
0.16 

— 
— 
— 
— 

0.019 
0.63 
0.061 
0.18 

0.044 
nil 
0.21 
0.080 
0.15 

— 
— 
—. 
— 

0.06 
0.96 
0.04 
0.20 

0.77 

0.20 
0.07 
0.18 

— 
— 
— 
— 

0.006 
0.65 
0.044 
0.18 

0.039 

0.08 
0.073 
0.18 

0.72 
0.07 
2.54* 
0.03 
0.14 

— 
0.41 
0.04 
0.16 

1.46 

0.13 
0.06 
0.23 

nil 
0.006 
0.81 
0.008 
0.05 

— 
0.19 
0.025 
0.12 

0.035 

0.03 
0.045 
0.17 

— 
0.30 

— 
0.14 

— 
0.37 
0.02 
0.15 

0.11 
0.04 
0.14 

— 
0.21 

— 
0.08 

— 
0.19 
0.011 
0.16 

0.02 
0.03 
0.09 

Note: Corrections have been made by deducting the original nutrient con
tent of seeds: hence some nil results. 
Dashes are shown where, after due consideration, a particular 
treatment was omitted or discontinued during the course of the 
trial because of gross deficiency symptoms. 

This foliage concentration appears excessively high but no sample re
mains for check analysis. If it is in fact in error, relevant figures in 
Tables 2 and 3 will be somewhat high. 
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Fig. 2: Layer I pots at time oj 1st harvest. Dry weights (g) per pot-
Control, 52; PK, 53; NP, 134; NKt 79; NPK, 144. 

NPr-7 . ' jWte -' Mk '••'ffi"1—RPK - • - | j 

FIG. 3: Ltfyer / pote «f 3rd harvest. Note increased P deficiency in NK 
treatment compared with Fig. 7. 



there was a marked interaction effect and growth response when 
both N and P were added — see Fig. 2. 

In succeeding years, foliage levels and totals of P, K and Mg 
extracted from the soil tended to fall, indicating decreasing sup
plies. Some amounts extracted in the fourth year are higher than 
would have been expected from the trends shown in the preceding 
years but is undoubtedly due to the longer growing period of this 
final crop. There was a growth response to P and K in the second 
year and in the third year the supply of Mg was inadequate. 
Although in the first year the supply of N was inadequate in the 
presence of added P, the availability of N did not decrease in this 
treatment (P, K) in succeeding years. The ratio of N content to 
total dry matter in succeeding crops was 1:93, 1:99, 1:98 and 1:92 
and, while the amounts of N taken up by the crops varied from year 
to year (Table 1), there was not the consistent downward trend 
as for other nutrients (except Ca). This suggests a steady mineraliza
tion of N from the organic matter in this topsoil under the experi
mental conditions. Figure 3 shows the seedlings before the third 
harvest. 

Layer II 

The mineral part of both layers I and II is part of the fine 
material of the Taupo ash shower, but the latter contains little 
or no organic matter. The absence of organic matter is presumably 
responsible for most of the differences between them seen in 
Table 1. N, P and Mg were all deficient in the first year and the 
available supply became worse in succeeding years. The seedlings 
in some treatments became so stunted that they were subsequently 
excluded from the experiment. Figure 4 shows the growth at 
the end of the first season. However, the supply of K remained 
adequate for the four years; only in the fourth year did the foliage 
concentration fall to near the critical level but even then there was 
no growth response to added K. The uptake of Ca in the fourth 
year was lower than in the previous years and was only about 
half that in layer I in the same year. Figure 5 shows the response 
to Mg and lack of response to K in the third season. 

Layer Ul 

Except for a slightly higher bulk density, this layer is very 
similar to layer II in appearance and physical properties (Will 
and Stone, 1967). The data in Table 1 show that they are also 
similar in chemical content. Supplies of K and Ca were adequate 
for tree growth for the four years, but. P and Mg were deficient 
from the start. The supply of N was not tested since it was assumed 
to be at least as low as that in layer II. Subsequent chemical analyses 
have shown the total N content to be very low (to be discussed 
in Part 3). 
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FIG. 4: Layer II pots at 1st harvest. Seedlings in NP and NPK treatments 
suffered from Mg deficiency. 

NPKMg r - ' r t r NPMg TT 
Ib 

FIG. 5: Layer II pots at 3rd harvest. Aj ter first season's growth Mg was 
included in what had been NP treatment. Also PK treatment having 
demonstrated severe N deficiency was converted to NPKMg to provide 

comparison with NPK and NPMg. 
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FIG. 6: Layer IV pots at 1st harvest. Seedlings in NPK treatment showed 
extreme Mg deficiency. 

FIG. 7: Layer VIII pots at time of 1st harvest. Note complete lack of 
available N or P in soil but adequate supply of K. 
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Layer IV 

This layer of pumice gravel was initially omitted from the study 
because few feeding roots are found within it. The roots that do 
occur are largely peg roots that give rise to feeding roots in under
lying layers. However, in 1964 it was included because future tree 
crops may have better access to the layer following mechanical 
soil disturbance during logging and through being able to make 
initial use of the root channels of preceding crops. 

Table 1 and Fig. 6 show that the amount of readily available K, 
in the first year at least, was surprisingly large. There was also 
an adequate supply of Ca. Supplies of N and P were negligible; 
the same was also true of Mg despite the apparently reasonable 
growth in the NPK treatment seen in Fig. 6. Although these seed
lings made height growth, they became severely chlorotic, suffered 
from top dieback and some died completely. Apparently radiata 
pine seedlings under stress for N or P cease growth before necrosis 
develops, but when Mg is in very low supply growth is continued 
to the point where part of, if not the whole seedling, collapses and 
dies. There is evidence that a low level of K has a similar effect — 
see under layer VilL 

Layer VI 

The N status was not tested as the appearance of this layer 
suggested that it contained little if any N. This was confirmed 
by the growth of seedlings in the control treatment. The primary 
deficiency limiting growth was N. In treatments supplied with N 
it was found that P and Mg were in marginal supply in the first 
year and deficient in subsequent years. The data in Table 1 also 
show a good supply of K for the first two years but a marginally 
deficient supply in the third and fourth years. The Ca supply 
was uniformly high throughout the four years. 

Layer VIII 

Like layer VI, this is a buried topsoil but appeared to have a 
higher organic matter content. Thus it might be expected to have 
at least an initial supply of most nutrients. However, as Fig. 7 and 
the data in Table 1 show, the seedlings were able to obtain little 
or no N or P even in the first year. Being kept under glasshouse 
conditions apparently did not stimulate any organic matter break
down with the mineralization of N or P (to be considered further 
in Part 3). After an adequate supply of K in the first year, the 
soil was unable to supply any further worthwhile amounts. In 
the second year, seedlings in the NP treatment made normal growth 
to a height of about seven inches; cessation of height growth was 
then followed by the death of the shoot top — Fig. 8. In contrast, 
the supplies of Mg and Ca were as good as those in any layer 
throughout the four years. While the supply of Mg was reduced 
in the fourth year, the uptake in the third year was better than 
any other layer. 
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•̂  PK .^.S ^ NP ^ >* N p K . >• NPKMg ^ 

FIG. 8: Layer VIII pots at time oj second harvest. Previous NK treatment 
was changed to NPMg in second year to provide comparison to NPK. 
Note marked jall-ojj in growth in NP treatment compared with previous 

year. 

Quantities of Nutrients Available in Profile 

The total quantities of nutrients extracted by seedling crops 
from pots of each layer are given in Table 2. The dry weights 
of soil in each pot are also given. 

Taking into account the differences in soil weights, layer I (the 
present topsoil) was by far the best source of N and P, but al] 
other layers, except layer VIII, had better supplies of K. Supplies 
of Mg were limited in layers II and VI, and almost nil in layers III 
and IV; however, substantial quantities were extracted from 
layers I and VIII. 

Layers I, VI and VIII provided good supplies of Ca with appre
ciable quantities being extracted from the other layers. 

The data in Table 2, together with the depth and bulk density 
(Will and Stone, 1967) of each layer, were used to calculate the 
totals extracted from each layer and from the sum of those parts 
of the profile which were studied. These are given in Table 3 on a 
per acre basis. '', ;Sfl 

Will (1964) reported that the total quantities of nutrients removed 
from a site in thinning and clearfelling a crop of radiata pine are 
( lb /ac) : N, 205; P, 29; K, 253; Ca, 168. 

When these net demands of a tree crop are compared with the 
figures in Table 3, the following picture emerges for each nutrient. 

Nitrogen 
While two further tree crops would almost deplete the site of 

the N extracted in this experiment, the steady rate of mineraliza-
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TABLE 2: TOTAL NUTRIENTS EXTRACTED FROM EQUAL 
VOLUMES OF SOIL FROM EACH LAYER (GM/POT) 

Wt. of Soil 
Ib/pot 

Layer I 12 
II 14V4 
III 143/4 
IV 12 
VI 16V4 
vm 16 

N 

2.39 
0.06 

nil 

0.12 

P 

0.14 
0.01 
0.01 
0.01 
0.03 
nil 

K 

0.83 
1.91 
1.58 
1.02 
1.66 
0.34 

Mg 

0.23 
0.13 
0.06 
0.01 
0.14 
0.23 

Ca 

0.64 
0.38 
0.29 
0.13 
0.64 
0.59 

TABLE 3: TOTAL EXTRACTED FROM SOIL LAYERS BY 
SUCCESSIVE SEEDLING CROPS (LB/AC) 

Depth (in.) 

Layer I 8 
II 12 
III 12 
IV 24 
VI 12 
VIII 12 

N 

468 
(19) 

— 
— 
— 

(42) 

P 

33 
(3) 
(3) 
(5) 
(9) 
(0) 

K 

196 
610 
549 
(581) 
508 
120 

Mg 

55 
(41) 
(21) 
(4) 
43 
81 

Ca 

153 
121 
101 
(74) 
196 
208 

Figures in parentheses are totals from less than four crops. 

tion of N found in the topsoil indicates that there may well be 
an adequate supply for much longer. The present study does show 
just how little N is left once logging or other operations have re
moved the topsoil. 

Richards (1964) has shown nitrogen fixation in coniferous forests 
can be of the order of 50 lb/ac/year. Nothing is known of the rate 
of N fixation in radiata pine forests on pumice soils but it need 
only be a tenth of that reported by Richards to be almost sufficient 
to meet losses in harvested material. 

Phosphorus 

Removal in two further crops of trees would nearly exhaust the 
supply of this element. As with N, there are sources of supply which 
may offset removal but it is by no means as certain that they will 
be sufficient. This trial lasted four years and it is probable that 
over longer periods additional quantities of P would become avail
able for uptake from the weathering of primary minerals. These 
are unlikely to be large and greater quantities may be brought in 
in rainfall. Will (1959) reported that in Kaingaroa Forest rainfall 
contained about 0.221b of P per acre per annum. This would be 
more than sufficient to offset removal in logs if it all originated 
from outside the forest; but as collection sites were less than 100 ft 
from the nearest trees, contamination from the trees themselves, 
pollen, and dust from forest roads undoubtedly accounted for a 
proportion of the total. Current studies into the P content of rain-
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water collection above the tree canopy, and leaching losses from 
the soil profile should help to clarify the position of P supply. 

Potassium 

Irrespective of any release by soil weathering or additions to 
the site, the supply of K is adequate for many tree crops. 

Magnesium 

No figures are available for the removal of Mg in radiata pine 
thinnings and clearfellings but if it is assumed that the ratio of 
this nutrient to other nutrients is similar to that in P. nigra and 
P. sylvestris the amount would be of the order of 100 lb/ac for 
each crop (Wright and Will, 1958). This being so, the scil reserve 
for future crops is not good, particularly when it is remembered 
that the greater part of the trees' feeding root systems are in 
layers I and II. Magnesium deficiency does occur in young second 
crops during periods of peak demand and restricted uptake from 
the topsoil (Will, 1966). Unless succeeding crops are able to exploit 
more fully the layers below the Taupo lapilli, in particular layer 
VIII, this deficiency seems likely to worsen. In addition to the low 
level of Mg supply itself, the abundant K supplies result in high 
K/Mg ratios in most layers. This aggravates the position as K and 
Mg are known to be antagonistic to each other in respect to plant 
uptake from soil. 

Calcium 

Supplies of Ca seem adequate for many crops. Apart from the 
relatively large amounts taken up by the seedlings from all layers 
in this trial (see Table 1) it should be noted that, of the five 
nutrients studied, the uptake of Ca dropped least with successive 
crops, indicating greater soil reserves. 

Application of Pot Trial Results 

In a study of this nature lasting four years, it is impossible to 
exhaust completely the supplies of all nutrients and so arrive at 
a "total" figure for each or even to estimate the potential supplies 
over several decades. Although nutrient deficiencies develop in the 
field before the supply of any one nutrient is totally exhausted, 
this study remains a useful indicator except perhaps for Ca where 
there was no indication of diminishing uptake. 

Root penetration through the soil mass was good in each layer 
each season; Fig. 9 illustrates the type of dense root network that 
developed in pots growing a vigorous crop of seedlings. In pots 
where a deficiency restricted growth, shoot growth was more 
severely affected than root penetration through the soil mass 
which was always good. In pots growing vigorous seedlings, roots 
were found to make up as little as 24% of the seedlings' total dry 
weight; but in stunted, deficient seedlings, up to 52% of the dry 
weight was in the roots. With roots ramifying throughout the 
soil mass, the seedlings were certainly able to exploit available 
supplies of plant nutrients. 
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FIG. 9: Root system NPK treatment layer J at 1st harvest. Note how pot 
shape has been retained after removal oi soil-

CONCLUSIONS 

During the four years of this pot experiment, up to four crops 
of radiata pine seedlings were grown, harvested and analysed to 
assess lhe extent of the supplies of N, P, K, Mg and Ca available 
in each major layer of a pumice soil in Kaingaroa Forest. The 
extent to which successive root systems penetrated the soil mass 
in each pot was at least as great as in the field and in many pots 
the intensity of root development was substantially greater than 
that normally found under forest conditions. 

Under the conditions of this trial the following nutrient deficien
cies were apparent in the first year: 

Slight deficiency Severe deficiency 

N, P 
Mg 
Mg 
— 
— 
— 

— 
N, P 
N, P 
N, P, Mg 
N, P 
N, P 
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In the second, third and fourth years, these deficiencies intensified 
and others developed until, at the end of the experiment, the only 
nutrient supplies that were still adequate were: 

Ca in all layers 
K in layers II, III, VI (?) 
Mg in layer VIII (?) 

Although the supply of N in layer I was not sufficient for maximum 
growth, there was a steady supply over the four years. 

When the amounts that can be extracted by this means from 
the soil as a whole are compared with those removed in the produce 
harvested from a tree crop, the supplies of P, Mg and possibly N 
appear to be inadequate for more than one or two more crops. 
On the other hand, supplies of K and Ca are sufficient for at least 
several crops. 

The above conclusions are entirely valid only if the tree-soil 
system is isolated from other influences. This is not the case: 
nitrogen fixation, additions in rainfall, and perhaps soil weathering 
will increase supplies, while leaching will remove nutrients. Current 
studies will provide data on which to base a better assessment of 
the position. 

The quantities of Ca and K extracted by seedlings in this pot 
trial are in line with available quantities as determined earlier 
(Will, 1964) but the uptake of P by the seedlings is lower than 
the chemical tests indicated the plants should take up. Further 
chemical analyses are being made and the results will be given in 
Part 3. 
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APPENDIX 

IDENTIFICATION OF VOLCANIC A S H BEDS IN THE SOIL PROFILE, 
COMPARTMENT 69 KAINGAROA FOREST 

W. A. PULLAR 
Soil Bureau, Whakatane 

If the numbered layers I, II, III, IV, VI and VIII could be 
correlated with known ash beds (Vucetich and Pullar, 1964), then 
the valuable results arrived at in this paper could be applied to 
much of the Kaingaroa Forest and to other parts of the Bay of 
Plenty rather than to a site in Compartment 69. Unfortunately, 
for stratigraphic purposes, the area lies between two volcanic 
centres, Okataina and Taupo, with consequent inter-layering of 
beds. To resolve the stratigraphy, a correlation line was run from 
Bretts Road at the intersection of the Rotorua-Murupara highway 
and well within the eruptive range of the Okataina centre to the 
Wairapukao Station Headquarters, within the range of eruptions 
from Taupo. 

From this mapping, the correlation of layers and ash beds is 
as follows: 

Layer I Upper Taupo Pumice plus a dusting of Kaharoa Ash 
II Upper Taupo Pumice 

III Upper Taupo Pumice 
IV Taupo Lapilli 
VI Embraces part of unnamed Taupo bed including member 

9-13 of Healy (1965) and the fossil soil of Waimihia 
Lapilli 

VIII Rotoma Ash (black fossil soil) 
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