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INTRODUCTION

Because the United EKingdom imports about 92% of the timber that it uses,
& considerable expansion of the afforested area appears to be inevitable
(Centre for Agricultural Strategy 1980). A study of the effects of tree
species on soils is therefore timely and of practical importance, because
it is desirable to be forewarned of changes likely to result from the
establishment of trees, so possibly being able to direct those changes by
selecting the most suitable tree species for conserving and improving
soil fertility, an aspect of particular importance to poor marginal land
where most of the expansion is likely to occur.

In 1951, to gain an insight into the effects of trees on seils,

J. D. Ovington sampled soils in plots of coniferous and deciduous species
on 5 sites. His papers (Ovington 1953, 1854, 1955, 1956a, 1956b, 1958a,
1958b) did not present a statistical analysis of the data. In 1974, plots
at Bedgebury, Abbotswood, and West Tofts which had not been felied and
replanted were resampled by ITE and Forestry Commission staff to define
changes in soill and litter chemical properties which might have occurred
in the intervening period. None of the.existing plots had fertilizer

applied either on planting or subsequently, and none has had herbicide
applications at any stage.

The 3 sites which were resampled differ in soil parent material and in

the species planted. The results for Pirnus nigra at all 3 sites and for
the species at Bedgebury were given in Howard and Howard (1984 a,h). This
paper presents the results for species planted at Abbotswood.

SITES AND SAMPLING PLOTS

The Abbotswood plots (Forest of Dean, Gloucestershire) are situated at

about 107 m altitude along the eastern margin of forest on the relatively
steep western slopes of a small north-to-south valley, on the rim outcrop

of Old Red Sandstone. The soil is a fairly coarse sandy loam, generally
becoming coarser down the profile, of average depth 80 cm. In some
profiles, narrow bands of reddish cley occur. The soil is more or less
stone-free, except for scattered pebbles, and is freely-drained, with no
evidence of waterlogging. Ovington (1953) found the surface pH to be just
over 4, increasing slowly with depth. There was no evidence of podzolization.
This area is sald to have carried previously a fsirly uniform crop of mature
beech standards, with a sprinkling of oak standards, probably planted in
about 1806. There was a small relict woodland on the upper slopes

(Ovington 1953),. '

The tree species and planting years of the resampled plots are given in
Table 1. Full soil profile descriptions are given in Ovington (1953).
Within each plot, 5 profiles were sampled., The sampling depths common to
both years for the soll variables were 0-5, 5-10, 15-20, 25-30, 45-50

and 65-70 cm. '




METHODS

3.1 Chemical analyses

The analyses which were common to both the 1951 and 1974 samplings were
L and F/H layers: loss-on-ignition, total nitrogen, total sodium, potasfium,
.calcium, magnesium, phosphorus, Soll: pH, loss-on-ignitionm, total

‘nitrogen, extractable sodium, potassium, calcium, magnesium, phosphorus
There were some differences in the chemical methods used in 18531 and 1974,
which made it necessary to apply conversion factors to some df the 1974
values to produce a 1951 equivalent (Appendix 1). ‘

3.2 Statistical analyses

Ovington's plots were not part of a designed experiment, this was an
opportunistic sampling of plots which had been planted for another purpdse.
Each species occurred only once at each site, | i
‘Analysis of variance: Ovington's papers did not give any indication of the
‘variance within plots. In order to compare plot (ie species) means between
'years, we need an estimate of the within-plot variance., In the present
work, the only course open to us was to assume that the within-plot
variances in Ovington's samplings were the same as those in the 1974 sa$p1es
although this is not altogether satisfactory.

To obtain a poawled within-plots estimate of the variance, we !did a one-way
analysis of variance of the 1974 data for each soil depth {(or L or F/H
layer) and chemical element, separately. If there 1s heterogenelty of
variance between plots (Bartlett's test), the pooled within-plots estimate
of the variance cannot be used to compare between years. In | such cases,
transformation may remove heterogeneity. In cases where traJs!ormation%was
not effective, the means of individual plots in 1951 and 1974 were compared
using Fisher's randomization test, _ ‘

‘Where heterogeneity did not occur,or was removed by transformatiom, comparisons
were made between the plot (specles) means for the 1951 and 1974 sampliﬁgs
using Tukey's honestly significant difference. That test wad also used to
look for differences among plot (species) means in 1974. Fox the L and F/H
layers, on the 1874 sampling; there were not always 3 replicsates per plot,
and so Dunnett's (1980) modification for unequal sample sizes was used.
Scheffe's (1953) method was used to test for differences between means for
broadleaves and conifers in 1974,

|
Principal component analysis: A principal component analysis [was carried out
on the correlation matrix of the data for the 7 chemical variables (means of
plots) for both years for the L and F/H layers together. A gimilar ana ysis
was carried out on the 8 chemical varigbles (means of plots) |for both years
for all the soil layers common to both samplings, A third set of analyses
was carried out on the 1974 data alone, treating each layer Zeparately.
Components with eigenvalues greater than unity were accepted |as being o
practical importance. Eigenvector elements equal to, or gredter than, .75
times the largest value (absolute) showed the variables whicH contributed
mest to the components. In each case the minimum spanning tree of the

Pythagorean distances was computed from the components considered to be of
practical importance.




RESULTS

Two complementary types of figure are used to present the results. One
type illustrates the change of each variable with depth and the depths
at which differences between years are significant. 1In the second type,
for each soil depth, the mean values of the plots (species) are ordered
on a single axis for each year. The second type illustrate more clearly
than the first type the magnitudes of the differences between years, the

relative values of the species in either year, and the significant differences,
or lack of difference, between specles in 1974,

4.1 L and F/H layers, analysis of variance
pH: Not measured on L and F/H in 1974.

- L]
Loss-on-ignition: Larix decidua litter had the lowest loss~on~-ignition
{greatest ash content) and Pinus nigra litter had the greatest loss-on-
ignition (lowest ash content) in both 1951 and 1974 (cf Pinus nigra at
Bedgebury, Howard & Howard 1984 a,b), In both years, Abies grandis F/H
layer had the lowest loss-on-ignition. The only significant change: from
1951 to 1974 was an increase in loss-on-ignition (decrease in ash content)
in Abies grandis 1litter (Figure 4). The F/H layer under Quercus robur
showed a significant decrease in loss-on-ignition (increase in ash content),
while the opposite occurred under P{ceaq abies. In both layers there was
a narrowing in the range of loss-on-ignition values from 1951 to 1974,
resulting in no significant ditferengss between specles in 1974.

Nitrogen (total): Pimus nigra litter had the lowest total nitrogen content

in hoth years, in spite of a significant increase from 1951 to 1974 (Figure 6).
Abiles grandis litter also showed a significant increase, and had the greatest
total nitrogen in 1974, 1In the F/H layers, there were significant decreases
under Castanea sativa, Quercus robur, and Larix decidua, resulting in a
narrowing of the range of values with no significant differences between
species in 1974,

Sodium (total): Pinus nigra litter had the greatest total sodium content

in 1951, but this decreased significantly to become the lowest in 1974
(Figure 8). There were no significant differences between plots in 1974,
Abies grandis F/H layer had the greatest total sodium content in both years.
In the F/H layer, Abies grandis, Larixr decidua, and Pirnue nigra showed
significant increases in total sodium from 1951 to 1974.

Potassium (total): In 1974, the mean total potassium content of the litters
of the hardwood species was significantly (p< 0.0l) greater than that of

the coniferous species. However, there was no sipgnificant difference
between the individual species i1f the value for Quercus robur was removed
(Figure 10). Castanea sativa, Quercugs robur, Abites grandis, and Pirnug nigra
litters showed significant decreases from 1951 to 1974, while Picea abies
litter showed a significant increase., The range of total potassium values
in the litters decreased from 1951 to 1974. In the F/R layers, there were
significant increases under Quercus robur, Pinus nigra, and Larix decidua.




- and that under Quercus robur a significant increase, from 1

Calcium (total): Quercug robur L and F/H layers had the greatest total
calcium contents in both years. Larixz decidua had the lowesit total calcium
in litter and Picea aqbies the lowest content in F/H. In 1974, the mean
total calcium contents of the litter and F/H layers of the hardwood species
were significantly (p < 0.001) greater than those of the coniferous qucigs.
However, comparing the individual species, litters of some cpniferous |

. species were not significantly different from those of some hardwood sﬂecies.

In the F/H layers, there was no significant difference between Fagus |
sylvatica and the coniferous species (Figure 12). There was & slight |
narrowing of the range of total calcium values in both L and’F/H layers
from 1951 to 1974, Abies grandis litter showed a significant decrease from
1951 to 1974, and Picea abies and Larix decidua litters showed significant
increases.

Magnesium (total): In 1974, the mean total maghesium conten&s of the L |and

' F/H layers of the hardwood species were significantly (p < 3.001) greater

than those of the coniferous species. However, comparing the individual

species, Quercus robur litter had a significantly greater total magnesium

content than any other litter, and in both L and F/H layers some coniferous

species were not significantly different from some hardwood ispecies (Figure 14),

Castanea sativa litter showed a large decrease in total magnesium, and

Pinus nigra litter a small but significant decrease, from 1951 to 1974, The

F/H layer under Picea abies showed a significant decrease in total ma resium,
351 to 1974

|

Phoaphorus (total): Castanea satzva L and F/H layers had thé greatest total

phosphorus content in both years., Pinus nigra litter had the lowest total

phosphorus content in both years, and its F/H layer had the lowest content

in 1951, but in 1974 Larix decidua F/H had the lowest total phosphorus

content. In 1974, the mean total phosphorus contents of the L and F/H layers.

of the hardwood specleswere.significantly (p < 0,01) greatef than those of

the coniferous species. However, comparing the individusl species, sohe

coniferous species were not significantly different from scme hardwood

- specles (Figure 16). Abtes grandis, Picea abies, Larix decidua and Pinus

nigra litters and F/H layers showed significant increases from 1951 to| 1974.

4.2 Soils, analygis of variance

pH: The mean values for each plot (species) are shown plottéd against depth
in Figure 1. In Figure 2, for each soil depth, the mean values of the plots
(species} are ordered on a single axis for each year, In 1951, down ¢t

' 25 cm depth, soils under the 3 hardwood species had the grertest pE values.

In 1874, the mean pH of soil under the hardwoods was significantly (p 0.001)
greater than that under the coniferous species at all depths. However),

there were not always significant differences bhetween individual coniferous
and hardwood species (Figure 2), Soill under Castanea sativg had the

greatest, and under Picea abiles the smallest, pH 2t all depths down to 50 cm.
There was a significant decrease in pH at 0-5 cm depth under all species
except Pinus nzgra, and at 5-10 cm under all specles except P, ntgra d

‘ Abies grandis. Below 10 cm, there were some changes in pH, | but they showed

no clear trend. The largest decreases in pH were at 0-5 cm under Quercus
robur (-0.77 units) and Castaneaq sativa (-0.53 units). All the other
changes were less then 0.5 units, i



Loss-on~ignition: The mean values for each plot (species) are shown plotted
against depth in Figure 3. 1In Figure 4, for each soil depth, the mean
values 0f the plots (specles) are ordered on a single axis for each year.
In 1974, at 0-5 cm, loss-on-ignition of soil under Quercus robur was not
significantly different from thet under Picea abies, Larizx decidua and
Pinus nigra, and loss-on-ignition of soil under Abies grandie was not
significantly different from that under the 3 hardwood species, At all the
other depths, soil under some individual coniferous and hardwood speciles
did not have significantly different loss-on-ignition. From 1951 to 1974,
at 0-5 cm depth, there was a significant increase in loss~on~ignition under
Picea abies (from 7.5% to 10%), and at the same depth there was a significant
decrease under Abies grandis (8.6% to 5.4%). Also at that depth, the range
of loss-on-ignition values had increesed by 1974 (cf Bedgebury, Howard &
Howard 1984b). BSmaller, but significant, decreases occurred at various
depths under Picea abies, Abies grandis, Fagus sylvatica, Quercus robur

and Castanea sativa.

Nitrogen (total): The wmean values for esach plot (species) are shown plotted
againgt depth in Figure 5. 1In Figure 6, for each soil depth, the mean

values of the plots (species) are ordered on a single axis for each year,

In 1974, only at 5-10 cm was there any significant difference between plots
ip total nitrogen content. At that depth, solls under some of the coniferous
species were not significantly different from those under some of the
hardwood species. From 1951 to 1974, soils under all species except Lariz
deeidua and Picea abies showed decreases in total nitrogen content at 0-5 cm,
and there were decreases under all species at 5-10 cm and 15-20 em., Under
Pinus nigra there were significant decreases at all depths except 45-50 cm, and
under Abies grandis down to 30 cm. There were also significant decreases

at various depths under other species, '

Sodium (extractable): The mean values for each plot (specles) are shown
rlotted against depth in Figure 7. In Figure 8, for each soil depth, the
mean values of the plots (species) are ordered on a single axis for each
year, The mean extractable sodium contents of soils under the hardwood
species were -significantly (p < 0.05) smaller than those under the coniferous
specles at all depths except 25-30 cm. At all depths, soils under some
individual hardwood and conlferous species were not significantly different.
Soil under Castanea sativa had the lowest content of extractable sodium at
all depths for both years down to 30 em. From 1951 to 1974, there were
significant decreases at 5-10 cm under all species except Fagus sylvatica.
At greater depths some species showed no significant change, some showed
gains and others losses.

Potassium (extractable): The mean values for each plot (specles) are shown
plotted against depth in Figure 9, In Figure 10, for each soil depth, the
mean values of the plots (speclies) are ordered on a2 single axis for each
year, BSoil at 0-5 cm and 5-10 cm depth under Quercus robur had the greatest
content of extractable potassium in 19874, but below 15 cm the content was
greater under Pinus nigra in both years (cf Bedgebury, Howard & Howard
1984b). 1In 1974, the mean extractable potassium content of 0-5 cm so0il under
the hardwood species was significantly (p < 0.01) greater than that under

the coniferous specles. However, comparing the individual species, there

was no significant difference between the remaining species if Quercus robur
was removed. At 0-5 cm and 5-10 cm, soil under Q. robur had the greatest
extiractable potassium content in 1974, but below 15 cm the content was
greater under Pinus nigra in both years (cf Bedgebury, Howard & Howard 1984b).




There was some evidence of an increase in extractable potassiﬁ: from 195
to 1974 at most depths under several of the species, and in many layers
below 15 cm depth the increases were statistically significant (cf Bedgebury).

Calcium (extractable): The mean values for each plot (species) are shown
plotted against depth in Figure 11, In Figure 12, for each sdil depth, the
mean values of the plots (species) are ordered on a single axis for each

year., It is interesting that soil under Pinus nigra had a high extractable
dalcium content at most depths in both years, its content being the greatest

at 5-10 cm in 1951, at 15-20 cm in 1974, at 25~30 cm in both years, at 45-50 col
in 1951, and at 65-70 em in 1974. In 1974, the only significant difference
between species with regard to soil extractable calcium content was at-.

65-70 cm depth, where soils under some of the coniferous species were not
significantly different from soils under some of the hardwood|species

(Figure 12). Soils at 0-5 cm depth under Abiles grandis, Fa sylvatiea,
Quercus robur and Castanea sativa showed significant losses of extractable
¢alcium between 1951 and 1974. Under all those species there were'signi icanté
losses down to 20 cm except F. sylvatica 5-10 cm. Under Castgnea sativa '
losses were significant down to 50 cm, and under Picea abies at all depths

from 5 to 50 cm. Soil under all species except Larix decidua and Quercus

robur showed losses at 45-50 cm. Under Pinus nigra, Fagus sylvatica and

¢. robur there were significant increases at 65-70 cm.
|

Magnesium (extractable): The mean values for each plot (Specils) are shon
plotted against depth in Figure 13, In Figure 14, for each sEil depth, [the
mean values of the plots are ordered on & single axis for each year, Soil
under Castanea sativa had the lowest extractable magnesium cohtent at alll
depths below 5 cm in 1974, and at 5~10 cm and 15-20 ¢m in 1951. 1In 1974,

the mean extractable magnesium content in the soils between 5 and 25 cm

depth under the hardwood species was significantly (p < 0.01) smaller than

that under the coniferous species, However, at most depths soils under some
individual hardwood species were not significantly different from those_

under some coniferous species (Figure 14)., There were significant decreases

at all depths under all species except Quercus robur 45-50 cm and 65-70 cm, !
and under Pinus nigra and Fagus sylvatica at 65-70 cm., The magnitudes of ’
the changes decreased with increasing depth.

Phosphorus (extractable): The mean values for each plot (speciles) are shown
Plotted against depth in Figure 15, 1In Figure 16, for each spil depth, the
meen values of the plots are ordered on a single axis for each year, Sdil
tnder Larix deciduc had an unusually large extractable phosphorus content at
411 depths in 1851, the amount increasing with depth, Soil under Piceq |(abies
had the greatest, and under Fagus sylvatica the smallest, extractable
phosphorus content at all depths in 1974, At 0-5 em the extractable phdsphorus
content of soll under Picea abies was significantly greater than that under
any other species. In 1974, the mean extractable phosphorus icontent of
80ils under the hardwoods was significantly smaller than that under the
conifers at 0-5 em (p < 0.001), 5-10 ¢m (p < 0.05), 10-15 ¢m (p < 0.01),
15-20 cm (p < 0.05) and 25-30 ¢m (p < 0.05). However, taking the species
individually, at all depths one (or more) hardwood speclies could be found
which was not significantly different from one or more coniferous species.
From 1951 to 1974 there were significant, and'large,decreases in extractable
phosphorus content at all depths under Larix decidua, related to its high
content in 1951, There were significant increases at some deths under some
species, but with no evidence of a clear trend. i




4.3 L and F/H layers, principal component analysis, 1951 and 1974 data
combined

Loss-on-ignition (CV 11%) and nitrogen (CV 18%) showed 1little variation,
while total potassium (CV 53%) showed most variation. Nine of the 21
correlation coefficients are significant, the largest being between total
potassium and magnesium (r = 0.813, P < 0.001). The pattern of significant
correlations is different from that at Bedgebury (Howard & Howard 1984b).
Total potassium, calcium, magnesium, and phosphorus are all intercorrelated
at p < 0.001., Total nitrogen is correlated with total phosphorus at

p < 0,001, and with calcium and magnesium at p < 0.05. Loss-on-ignition
and total sodium were not correlated with any of the other variables,

The first 3 eigenvalues of the correlation matrix may be considered of *
practical importance, together they account for 83% of the total variance.
The first component, accounting for 49% of the total variance, is chiefly

a combination of total phosphorus, calcium, potassium, and magnesium. The
second component accounts for 17% of the total variance, and is dominated

by total sodium, here given a negative weighting. The third component,
accounting for 17% of the total vdriance, is dominated by loss-on-ignition.
These components are not the same as the first 3 components of the

Bedgebury L and F/H layers (Howard & Howard 1984b). The first and second
component values are plotted in Figure 17. Ualike the corresponding
Bedgebury plot, this shows no division between L and F/H layers on the first
component axis. Castanea sativa and Quercus robur litters, which have large
positive first component values for 1951 (le large values for. one or more

of total phosphorus, calcium, potassium, and magnesium), showed a decrease
with time. On the other hand Larix decidua litter and Pinus nigra F/H layer,
which had low first component values in 1951 (ie low values for one or more
of calcium, potassium, and magnesium) showed an increase with time. Smaller
increases were shown by L. dectdua F/H, P. nigra litter, and both layers
under Picea abies.

On the second component axis (Figure 17), L layers under Picea abies,

Fagus sylvatica, and to some extent Quercus robur, show decreases in second
component values (ie increases in total sodium) with time., The remaining
litters show the reverse effect. Pinus nigra and Abies grandis litters

show  considerable increases in second component values with time. All the
F/H layers, except that under Picea abies, show decreases in second component
values with time, the largest decrease occurring under Larix decidua.

On the third component axis, there is 2 division between L layers, which
have larger third component values (ie greater LOI and consequently lower
ash), and F/H layers which have smaller or negative third component values
(ie, lower LCI or greater ash content). All the L layers, except those
under Pinus nigra and Abies grandis, show increases in third component
value from 1951 to 1974. The largest increase in third component value is

shown by Picea abies F/H, under Quercus robur there is a similarly large
decrease,

4.4 L and F/H layers, principal component analysis, 1974 data only

As with the Bedgebury L layers (Howard & Howard 1984b), loss-on-ignition
showed least variation (CV 3%) and total magnesium most (CV 37%). The
pattern of significant correlations is different from that for the Bedgebury
L layers, notably in the lower correlation between total phosphorus and
potassium, and the greater correlations between total calcium and potagsium,
total nitrogen and magnesium, and nitrogen with potassium.




The first 2, possibly 3, eigenvalues of the correlation matrix for the

L layers may be considered to be of practical importance. The first
component, accounting for 56% of the total variance, is essentially a
combination of total magnesium, phosphorus, potassium, and calcium. This
differs from the first component of the Bedgebury L layer, mainly in

giving a lower weighting to total nitrogen, The second compoﬁent accounting
for 22% of the total variance, is mainly a contrast between 1¢ss-on-ignition
and total sodium. The third component, accounting for about 12% of the

total variance, is dominated by total nitrogen. The second and third
components differ from those obtained from the Bedgebury L layer correlation
matrix, The first and second component values are plotted in|Figure 18, with
the minimum spanning tree (3 dimensions) superimposed. : !

In the F/H layers, unlike the values for Bedgebury (Howard & Howard 1984p),
total nitrogen shows least variation (CV 6%), but at both sites total
magnesium shows most variation (CV 47% at Abbotswood). The pattern of
significant correlations differs from that for the Bedgebury ¥/H layers,
at Abbotswood there were significant positive inter-correlations between
total potassium, calcium, magnesium, and phosphorus.

The first 3 eigenvalues of the correlation matrix for the F/H! layers are of
practical importance, together they account for 96% of the total variance.
The first component, accounting for some 58% of the total varfance, is
egssentially a combination of total potassium, magnesium, calcfium, and
phosphorus, these 4 variables account for about 83% of the variance in that
component. The second component, accounting for nearly 23% of the total
variance, is dominated by total sodium, which accounts for abbut 51% of the
variance in that component, The third component is dominated by total
nitrogen, which accounts for about 71% of the variance in that component.
The first and second component values are plotted in Figure 19 with the
minimum spanning tree in 3 dimensions superimposed.

4.5 Solls, principal component analysis, 1951 and 1974 data bombined

: | :
The minima, maxima, means, standard deviations, and coeffici:its of variation

of the variables are given in Table 2. As at Bedgebury (Howard & Howar
1984b), pH shows least variation (CV 5%), and extractable phosphorus an
calcium are the most variable, with CV's of 119% and 80% respectively.

The correlation coefficients are given in Table 3. There are fewer significant
correlations than with the Bedgebury soils, mainly because of the lack gf |
significant correlations between extractable phosphorus and loss-on-ignition,
total nitrogen, extractable sodium, potasgsium, calecium, and magnesium. |Also,
unlike Bedgebury, pH is not significantly correlated with total nitrogen.
Extractable phosphorus is significantly correlated only wiht pH (r = -0,2982,

p < 0,01), Loss-on-ignition, total nitrogen, extractable sodium, calciym,

and magnesium are sll positively intercorrelated at p < 0.00%,

‘The first 2, possible 3, eigenvalues of the correlation matrix (Table 4)

may be considered to be of practical importance. The first domponent,
accounting for 56% of the total wvariance, is essentially a cdmbination of
extractable calcium, loss-on-ignition, total nitrogen, extractable magnesium
and sodium (Table 5). The second component, accounting for 18% of the total
varliance, is essentially a contrast between pH and extrhctable phosphorus,
these 2 variables account for about 83% of the variance in tHis component.
The third component, accounting for 11% of the total variancd, is dominated
by extractable potassium, which accounted for about 57% of the variance 1in
this component.




The first and second component values are plotted in Figure 20. The soil
layers are separated on the first axis, but some overlap is caused by tinme
and gpecies. Apart from Picea abies 0-5 cm, which showed a decrease in
first component value with time, and Larix decidua 0-5 c¢m which showed
little change, there is a general increase in first component values with

time, ie a trend to lower loss-on-ignition, total nitrogen, extractable
calcium, magnesium and sodium.

Most soils showed a small decrease in second component value with time, ie a
trend to lower pH and greater extractable phosphorus, especially in the

upper soll layers. In the lower layers there was mostly little change, or

a small increase, notably under Larix decidua. Except for Picea abies 65-70 cm,
there was a general decrease in third component value with time, ie a trend

to lower content of extractable potassium., Soil layers under Quercus robur
showed large decreases, especlally at 0-5 cm.

For the 1974 data only, the orders of the species plots on the first
components at the different depths are given in Table 6, The variables which
make an important contribution to the first axis vary with depth, only
loss-on-ignition and pH are constantly important at all depths. Extractable
calcium, magnesium and phosphorus are important at all depths to 20 cm and
extractable calclium and magnesium at 65-70 cm,

The first and second component values of the 1974 0-5 ¢m soil layer data
are plotted in Figure 21, The first axis accounts for 77% of the total
variation, and the order of the species plots summarizes their relative
positions ina general way, although the second axis reveals & difference
between Quercus robur and Castanea sativa.

DISCUSSION

The pH of surface layers of woodland soils is widely assumed to be strongly
influenced by the nature of the leaf litter falling on them., In 1951, the
most acid 0-5 em soils occurred under Larix decidua (pE 4.1), Pinus nigra
(pH 4.14), and Picea abies (pH 4.18). The least acid were under Quercus
robur (pH 5.28) and Castanea sativa (pH 5.17). By 1974, the pH of the

Q. robur 0-5 cm soil had fallen to 4.51, and to 3.82 under Picea abies.

All the speciles except Pinus nigra showed a significant decrease in pH

at 0-5 cm. The largest decrease was under ., sativa (0.53 units), the
smallest significant decrease was under L. decidua (0.2 units). By contrast,
at Bedgebury only Quercus peirqec showed a significant change in pH at this
depth, a small increase (Howard & Howard 1984b). Here, Fagus sylvatica
showed a decrease in pH down to 15 cm, and Picea agbies down to 20 cm and

at 25-30 cm.

In 1974, the mean pH of soil under the hardwoods was significantly greater
than that under the coniferous species at all depths. HoweveT, therée were-
not always significant differences between individual coniferous and hardwood
species. Also in 1974, under all species, there was a slightly increased
acidity of solls down to 30 cm compared with those at greater depths, This
effect was more pronounced than in 1951 (Ovington 1953). The smallest
difference occurred under Castanea sativa (0.02 pH units) and the greatest
under Picea abies (0.34 pH units).
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In trying to find an ecological interpretation for these results, it is
‘useful to recognize 2 groups of variables, (a) those concerned with the
'quality end quantity of soll organic matter (LOI, N, P) and with change

‘4in them which are brought about by physiological activities 0f soil organisms,
‘and (b) elements of the soil exchange complex (Na, K, Ca, Mg) which can be
removed by leaching and can be replaced by weathering of soil mimerals pr, in
the upper soil leyers, by tree litterfall. pH is influenced by both (ab and
(b).

In 1974 there was a significant difference between species ih total nitrogen
content only at 5-10 cm. From 1951 to 1974 there were signiticant decreases
at 0-5 cm under Quercus robur, Fagus sylvatica, Castanea sattva, Abies grandis
and Pinus nigra. By contrast, at Bedgebury at this depth the only significant
change was a gain under Larix eurolepis, Other depths showed nitrogen losses
of similar magnitudes at both sites. ;

In 1974, at 0-5 cm, there was no difference between species| in extractaeble
potassium except for Quercus robur. There was no difference| between species
‘at 5-10 cm. Below 10 cm, there was no difference between specles except
‘for Pinus nigra. From 1951 to 1974, extractable potassium showed significant
‘increases between 15 cm and 50 cm under Larix decidua, Picea abies, Pinus ;
nigra and Quercus robur, and there were increases at some other depths under !
other species., Changes were broadly similar at Abbotswood and Bedgebury :
and may result from increased mineral weathering.

Initial extractable calcium contents at Abbotswood (0-5 cm) #ere in the range
10.5 to 23.1. At Bedgebury, the range was 17.2 to¢ 53.4. It is clear that,

in general, the Bedgebury plots were higher in extractable calcium in 1951,
especially under Pinus nigra. In deeper layers, the differences between the
sltes were less obvious, except for the Pinus nigra plot at Bedgebury. At
Abbotswood there were significant losses of extractable calclum in the surface

layers under most species, but Lariz decidua showed a signitlcant loss only
at 15-20 cm,

i
At Abbotswood, as at Bedgebury, there were significant decreases in
extractable magnesium under most species at most depths,

In 19851, extractable phosphorus contents at Abbotswood (0-5 ¢m) were in §
‘the range 0.48 (Fagus sylvatica) to 3.16 (Larix decidua). In 1974, the

‘range was 0.36 (Fagus sylvatica) to 2.89 (Picea abies). By contrast, 0~5 cm
soil at Bedgebury was genmerally poorer in extractable phosphorus, the range

in 1951 being 0.20 (Nothofagus obliqua, Larixz eurolepis) to 0.37 (Chamaecyperis
lawsoniana), and in 1974, 0.39 (Nothofagus obliqua, Quercus rubra) to 0.67 ;
(Quercug petraea). At all depths studied, soil at Abbotswood had a much

greater content of extractable phosphorus than soil at Bedgobury, under all
species,

Comparison between Abbotswood and Bedgebury is made difficult by the fact
that the sites had only 2 tree species in common, Pinus nigrd and Picea abies.
Data for these 2 species at 0-5 cm are given in Table 7. Under both species
at that depth, there was not much difference in 1951 between the 2 sites with
respect to loss-on-ignition, total nitrogen, or extractable gnesium, | At
Abbotswood, 0-5 cm soils had slightly less extractable sodium, about half as
‘much extractable potassium, and about § to 6 times as much extractable
:phosphorus.
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Over the period 1951 to 1974, 0-5 cm soil under Piceq abies showed e
greater loss of extractable magnesium at Bedgebury than at Abbotswood, and
4 greater gain in extractable sodium and phosphorus. There was a slight
(non-significant) gain in extractable calcium at Abbotswood as opposed to
8 small (non-significant) loss at Bedgebury. Under Pinue nigra, changes
at Abbotswood and Bedgebury were of a similar order, leaving aside the
anomalous calcium content at Bedgebury in 1951, except for a small but

significant loss of extractable potassium at Bedgebury and a small but
significant gain in extractable phosphorus.

As the first component is the axis of maximum variation, the species plots
are arranged in the order of theilr first component values at the different
depths in Table 6. The directions of the first component axes are influenced
by high or low values for the listed variables, but these are trends only

and not all will be expressed in any one species. The contributions of the
variables to the first components were not the same as for the Bedgebury data,
notably pH made a more important contribution at Abbotswood. Table & shows
that at each depth at Abbotswood the 3 species plots with the largest first
component values were all conifers, and down to 30 cm depth they included
Picea abies and Pinus nigra. Castanea sativa had the lowest or second lowest
first component velue at all depths. If, as seems likely, any effect of
species will be most pronounced at the surface, the order of the species

on the first principal component axis at 0-5 cm in 1974 can be taken to
indicate, in a general way, the relative effects of the species.

Taking the results of the principal component analysis and the analysis of
variance together, the main changes at Abbotswood from 1951 to 1974 are
summarized in Table 8. The species under which most leaching occurred are
to the left of the table, although it is extremely difficult to put a strict
order on the changes.

Although the results are not clearly defined, they suggest that s0il under
Quercus robur showed most leaching as well as the largest decrease in pH

at 0-5 cm (0.77 units). This species has a deep tap-root and tends to have
an above-average uptake of calclum, potassium, and phosphorus (Rennie 1955).
Earkanis (1975) found that of € hardwood species studied, the soil phosphorus
content increased most under §. robur. The litter of this species seems to
be relatively rapidly attached by soil animals and micro-organisms, Karkanis
found that 73% of the litter disappeared in the first year. Here, . robur
litter had the largest total calcium and magnesium contents in both years,
and the largest potassium content and the second largest phosphorus content
in 1974. 1In the scil, only extractable potussium increased from 1951 to 1974,

It is well known that the effect of Fagus sylvatica depends upon the site,
forming mull on calcareous soils and mor on bhase-deficient solls (eg Brown
1953). At Abbotswood, F. sylvaiica seems to have had a greater effect on

soil leaching than did the 4 coniferous species.

Not much seems to be known about the effects of Abiee grandis and Castanea
sativa, although Gloaguen and Touffet (1976) found that A. grandis needles
are fairly rich in calcium, potassium, magnesium, and phosphorus.

The position of Pinus nigra in Table 8 is not entirely consistent with its

known properties. Its litter is poor in calcium, potassium, and phosphorus
(Gloaguen & Toullet 1976), and Bonneau et al. (1979) found that on a sandy

site it rapidly accelerated the loss of total soil elements, especially
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potassium, manganese, and sodium, and increased the organic nitrogen
content. However, its effects on available elements were complicated. The
position of Pinus nigra at Bedgebury (Howard & Howard 1984b) was also
somewhat anomalous, but that plot was initially richer in cﬂlcium than any
other at that site.

|
Picea abies is generally regarded as a soil-deteriorating sJecies, and [it
18 often found naturally on podzols with raw humus (Bonnevie-Svendson i
Gjems 1957). However, this is not always the case. Von Miehlich (1971) ;
found little evidence of soil compaction, nitrogen losses, or serious nutrient
depletion in the so0il of a 25 year-o0ld second generation Sp#uce stand qn a
loess-pseudogley, which had been under the species for 120 years, compared
with the soil of a near-natural oak-beech stand. He concluded that at that
site any effects on the nutrition of the spruce were small, At Bedgebury
(Howard & Howard 1984b) the smallest losses of nitrogen and mineral elements
occurred under P. gbles. At Abbotswood, at 0-5 cm, there wds a significant
increase in loss-on-ignition (from 7.5 to 10%) and a decrease in pH (4.16 to
3.82) under P. agbfes, but in general this species appears t0 have had a smaller
influence on leaching of soil minersls than did most of the |other species.
P. ables may be like Fagus sylvatica in that its effect on goils depends on
the type of soil on which it grows.

- Larch species have a mixed reputation concerning their effeqts on soil
Larch is often regarded as a beneficial type of tree with & nutrient-rich
litter (Bonnevie-Svendson & Gjems 1957) or as a soil-deteridrating tree and
a producer of poor humus (Viro 1956). The difference may be related to
species (Schober 1953), or site, or both. More detalled studies are needed
or larch species. '

It is clear that different tree species have different etfe#ts on soils,
and that for a given species the effects may depend on local conditions.
Changes in the amounts of elements in soils serve to illustrate these effects
in & general way, but are difficult to interpret. For the !uture, & greater
emphasis on so0il processes is needed,

SUMMARY

(1) Because there were no significant differences between years in the
L layer total nitrogen contents of GQuercus robur, (Castanea sativa and
Larix decidua, decreases in the total nitrogen conternts of their

F/H layers may reflect changes in biochemical activities in the

forest floor. : |

(ii) From 1951 to 1974, the range of total potassium in the L layers :

narrowed, due chiefly to decreases in the larger values. The decreases -

were significant under Castanea sativa, 4. robur, Abies grandis 5

and Pinus nigra. Piceq abies litter showed a significant increase. |

In the F/H layers there were significant increases under Q. rob )
P. nigra, and Larix decidua.

(11i) There was a slight narrowing of the range of total calcium in both
the L and F/H layers from 1951 to 1974. ;




(iv)

(v)

(vi)

(vii)

(viti)

(1x)

(x)

(xi)
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In both the L and F/H layers, the 4 coniferous species showed
significant increases in total phosphorus from 1951 to 1974.

In 1974, the mean total calcium, magnesium, and phosphorus contents
of the hardwood L and F/H layers were significantly greater than
those of the conifers. For total potassium this difference was
gignificant only for the litters,

There was a significant decrease in pH in the 0-5 cm soil under

all species except Pinus nigra, and at 5-10 cm under all species
except P. nigra and Abiles grandis. 1In 1974, at all depths, the mean
pH of soil under the hardwoods was significantly greater than that
under the conifers. However, there were not always significant
differences between individual conifer and hardwood species. Also

in 1974, under all species, the difference in acidity between the
upper and lower mineral soils was more pronounced than in 1851, The
smallest difference occurred under Castanea sativag, the greatest under
Picea abies. '

There were significant decreases in total nitrogen at 0-5 cm under all
species except Larix decidua and Picea abies, under all species at
5~10 and 15-20 cm, and under some species at greater depths. Only
at 5-10 c¢m was there a significant difference between species in 1974,

From 1951 to 1974 there were significant increases in extractable
potassium under all species at 15-20 cm, and under Larix decidua,
Picea abies, Pinus nigra, and Quercus robur at 25-30 cm and 45-50 cm.
In 1974 there was no difference between species at §-10 cm. At

0-5 c¢m there was no difference if . robur was excluded, below 10 cm
there was no difference if Pinus nigra was excluded.

There were significant decreases in extractable calcium under all
species at 156-20 cm and under many specles at other depths. Only at
65-70 cm was there a significant difference between species in 1874,

There were significant decreases in extraétable magnesium under all
species down to 30 cm and under most species helow 45 cm.

As any effect of species is likely to be most pronounced at the
surface, the order of the species on the first principal component
axis at 0-5 cm in 1974 can be taken to indicate, in a general way,
the relative effects of the species.
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Table 1 Ovington's sites resampled in 1974 at Abbotswood, Gloucestershire
(Forest of Dean)

Species Planted
Larix decidua Mill, 1906
Picea abies Karst 1905
Pinus nigra var maritima _ 1906

(Ait.) Melv

Abies grandis Lindley 1928
Fagus sylvatica L. 1913
Quercus robur L. 1805

Castanea sativa Mill. 1905




Table 2. Minima, maxima, means, standard deviations, and coefficients
of variation of the variables for the Abbotswood so?is

{1951 plus 1974). | :

‘ i

! ' ‘

Min. Max. Mean s.D. C.Vi%
pH 3.82 5.28 4.45 0.24 : 5
i a
LOI % OD 1.00 10.00 3.88 2.08 | 54
Total N % OD 0.01 0.28 0.10 0.07 67 !
Extractable Na Q.20 2,00 0.83 0.34 41
Extractable K 1.90 12.04 4.66 2.23 | 48
|
Extractsble Ca 1.00 23.10 5.90 4.74 80
| |
Extractable Mg 0.50 10.50 2.95 2.31 1 78
Extractable P 0.07 7.63 1.10 1.32 . 119

|
|
‘Extractables are given as mg/100 g OD soil ‘ ‘




Table 3 Correlation half-matrix for the Abbotswood so0ils (1951 plus 1974)

pH LOI N Na K Ca Mg
pH 1
1OI % OD -.276 * 1
Total N ¢ OD -.005 L9311 HAk 1
Extractable Na  -.428 #%%* . 756 *¥* L 708 **x 1
Extractable K .054 . 483 **k* . 443 kkx% . 305 ** 1
Extractable Ca  ~-.081 L819 ok D30 *xk .714 *¥% 469 *xx 1 | .
Extractable Mg .044 LTBT k% .86.5 ek 628 *k¥ .185 . 886 *%k 1
Extractable P -.202 ** .019 -.071 .138 -.114 -.001 .016
* P < 0,06
*»* P < 0,01
#%k P < 0,001




Table 4 Eigenvalues of the correlation matrix of the Abbots#ood
80il data (1951 plus 1974)

Component Eigenvalue Percentage of the variability
Component Comulative

1 4,51 56.4 | 86,4

2 1.44 18.0 | 74.4
3 _' 0.86 10.8 85.2
4 0.74 . 9.2 94.4 ;
5 0.26 3.2 97.6
6 0.09 1.1 98.7
7 0.06 0.8 | 99.5

8 0.04 0.5 1100.0




Table 5 Eigenvectors of.the first three components of the correlation
matrix of the Abbotswood scill data (1951 plus 1974)

Variable Eigenvector for component
1 2 3

pH 0.10 0,68* 0.37
LOI % 0D -0,45% -0,03 ~-0.07
Total N % 0D -0.45% 0.10 0.08
Extractable Na -0.39% -0.26 ~0.08
Extractable X -0,23 | 0.28 ;0.75*
Extractable Ca -0,45% 0.09 0.10
Extractable Mg -0,41%* 0.10 0.46
Extractable P -0.01 -0.61* 0.23

*Absolute value greater than 0,75 times the largest absolute value




Table 6

0-6 cm
High LOI, Mg, Ca
Low pH

Picea abtes

Lariz deecidua

Pinus nigra

Quercus robur

Abies grandis

Fagus sylvatica

Castanea sativa

Low LOX, Mg, Ca
NP
High pH

Picea abies

Pinus nigra

Quercus robur
Fagus sylvatica

Abies grandis

Castanea sativa

Low LOI, N, Na,

Ca, Mg, P
High pH

5-10 em 15-20 cm
High LOI, N, Na, High LOI, Mg, P,
———Ca; Mg, P- ~-—-——Ca, Na
Low pH Low pH
Larix decidua Picea ables

Pinus nigra
Larix decidua
Ehgus.sylvatica
Abies grandis
Guercus robur

Castanea sativa

Low LOI, Mg, P,
Ca, Na
High pH

25-30 cm

High LOI, Na, P

Low pH

Picea abies
Abies grandis
Pinus nigra

Fagus sylvatica

Lartz deetdua

Castanea sativa

Quercus robur

Low LOI, Na,
P
High pH

45~50 .cm
High Na, N, LOI

Low pH
Pieea abies
Larix dectidua

Abies grandis

Fagus sylvatica

Pinus nigra

Castanea sativa

Quercus robur

Low Na, N, LOI

High pH

The order of the Abbotswood species plots on the first components at the differemt depths, 1874

85-70 com
High LOI, Na, K

- Cay-Mgy N— -
Low pH

Pinus nigra

Abies grandis
L - de .Z

Fagus sylvatica

Picea abies

Quercus robur

Caetanea sativa

Low LOI, Na, K,
Ca, Mg, N
High pH
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Table 7 Data for 0-5 cm msoil under Picea abies and Pinus nigra at Abbotswood and Bedgebury, 1951 and 1974.

pH 101 N Na K Ca Mg P
P, aqbies, 1951
Abbotswood 4.16 7.50 0.18 1.4 3.6 10.5 6.9 1.80
Bedgebury 3.94 8.44 0.18 1.9 6,2 17.1 5.9 0.28
P. abtes, 1974
Abbotswood 3.82 10.00 G.21 1.5 8.3 14.9 4.7 2.89
Bedgebury 3.99 11.00 0.20 3.2 5.6 13.7 0.8 0.55
P, abies, change '
Abbotswood =0, 34%%% +2,5% +0.03 +0.10 +2,.7* +4.,4 =2, 2%% +1.09%*
Bedgebury +0.05 +2,8%% +0,02 +1,30%*x* -0.6 -3.4 ~5,3%%% +0, 27%**
P. nigra, 1951
Abbotswood 4,14 8.19 0.22 1.5 6.8 17.9 9.0 1.46
Bedgebury 4,43 9.54 0.25 2.8 12.7 53.4 9.7 0.24
P. nigra, 1974 )
Abbotswood 4.05 7.80 0.17 1.2 7.8 14.8 3.3 1.07
Bedgebury 4.24 9.60 0.20 2.0 9.7 15.9 3.0 0.40

P. nigra, change :
Abbotswood -0,09 ~0.89 -0,056% -0.3 +1,0 -3.1 o I b -0.39
Bedgebury -0.19 +0.08 -0.05 -0.6 -3.0* ~-37.5%%% -6, TH*¥ +0.16%*




Table 8 The main changes in the Abbotswood plots, 1851 to 1974.
Layer Quercus robur Fagus sylvatica Abies grandis Castanea sativa Pinus nigra Picea abies Larix decidua
N P N P 4 Ca P +Ca P
L .
4K ‘K Ca +E Mg +Na K Mg
c 1K Mg 4Na P 4Na K P 1P 4Na K P
F/H
+N Ca +N Mg +N
$K P
0-5cm _
+pH N Ca Mg +pH N Ca Mg +pH N Ca Mg 4pH N Ca Mg +N Mg +pH Mg +pH Mg P
1K
5-10cm
+pH N Na Ca +pH N Mg +N Na Ca Mg +pH N Na Ca Mg N Na Ca Ug +pH N Na tpE N Na Mg P
Mg Ca Mg
+K 1K 1K 1K P 1tk P t8a K P +K
15-~20cm ' :
+tN Na Ca Mg N Ca Mg N Na Ca Mg ¥N Ca Mg +N Ca Mg +pH N Ca N Ca Mg P
Mg
1K 4Na 1Na "4pH Na K P 4K P 1K P . 4K
25-30cm
+N Mg Mg IN Mg +Ca Mg N Mg +pH Ca Mg 4N Mg P
+pH K +pH 1K +K tpH K
45-50cm
Ca Mg {Ca Mg +Ca Mg +Na Ca Mg +Ca Mg Mg P
+4pH Ca 1Ca 4K Ca +pH
65-70cm
+R Na Mg 4N Na Mg +N Mg +Na. Mg P
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Figure 1, pH at different depths under different species in 1951 and 1874,

Differences significant at p- <0,056 are hatched.
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Figure 6. Changes in total nitrogen between 1951 and 1974 under different
species (names shbreviated) at different depths, significant at p <0.05 —~--
p <0.01 — —, p <0.001 . The vertical lines link species not
significantly different in 1974 {Tukey's HSD p <0,05).
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Figure 8, Changes in sodium between 1951 and 1974 under different species
(names abbreviated) at different depths, significant at p <0,085 -—=a

p <0.01 — —, p <0,001 . The vertical lines link species not
significantly different in 1874 (Tukey's HSD p <0.05).
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in 1951 and 1974, Differences significant at p €0.05 are hatched.
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Figure 12, Changes in cslcium between 1951 and 1974 under different

species (names abbreviated) at different depths, significant at p <0,05 ————
p <0,01 — —, p <0.001 . The vertical lines link species not
significantly different in 1974 (Tukey's HSD p <0.05).
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Figure 14. Changes in megnesium between 1951 and 1974 under different
species (names abbreviated) at different depths, significant at p <0.05 w-—
P <0,01 — —, p <0.001 . The vertical lines link species not
significantly different in 19574 (Tukey's HSD p <0.05).
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Differences significant at p <0.05 are hatched.

igure 15, Extractable phosphorus at different depths under different species
in 1951 and 1974. et
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Figure 16. Changes in phosphorus between 1951 and 1974 under different
species (names abbreviated) at different depths, significant at p <0.05 ——
p <0.01 — —, p <0,001 . The vertical lineg link species not
significantly different in 1874 (Tukey's HSD p <0.05).
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Figure 17. First and second compoments of the correlation
matrix for the L ¢ )} and F/H (--=~) layers under different
species (names abbreviated), showing changes from 1951 to 1974.
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Figure 18. First and second components of the correlation matrix
for the 1974 L layers under different species with the minimum
spanning tree in 3 dimensions superimposed.
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3 dimensions superimposed, :
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Appendix 1

Chemical methods 1951

1974
LOI % OD* (all samples) 2 hrs at 800°C 2 hrs at 550°C
Total N 4 0D (L and F/H) Kjeldahl with CuSoO Peroxide/Sulphuric acid
catalyst, followed digestion method, colori-
by distillation, metric determination with
indophenel blue.
Total N soil Ditto Kjeldahl with HgO catalyst,
1951 mg/100 g OD ¢olorimetric determination
1974 %4 OD with indophencol blue.
Total Nitric/Perchloric/ Peroxide/sulphuric acid
(L and F/H)
minerals 1951 100 oD Sulphurie acid digest followed by:
mg/ E digestion followed
1874 4 OD By
v
Na)EEL flame
X gphotometer %EEL flame photometer
Ca-EDTA with murexide Atomic absorption with
lanthanum to suppress
Mg~-Titan vellow
interference
P-Molybdenum blue Mo blue
Extractables (soil) Extracted for 2 . As 1851 but for 1 hour.
1951 and 1974 hours with 2.59%
mg/100 g OD acetic acid, 25
parts to 1 part
AD soil (2 mm
sieve),
Na) flame
K ; photometer Flame photometer
Ca~EDTA with Atomic absorption with
murexide lanthanum to suppress
Mg-Titan yellow interference.
P-Molybdenum blue Mo blue
* 1951 oven dry 80°¢

1974 oven dry 105%C

Correction factors

L and F/H Total N 1951 equivalent 1974 N x 0.882

H

1974 N x 0.707
1974 K x 1.564

soil N 1851 equivalent
K 1951 equivalent

pH* 1951 equivalent for Bedgebury add 0.3 pE units
for Abbotswood add 0,49 pH units
for West Tofts add 0.31 pH units

* pH corrections M, Anderson, pers. -comnm.

1974 chemical analyses were performed by the Chemical Service at Merlewood.
1974 pH measurements were supplied by M, Anderson.
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AEEendix 2

1974 data for L and F/H layers and soils,

The data are means of 5§ profiles per plot, but there were not always

5 L or F/H layers per plot.




1974 data

Va;:;glo L. decidua P. abies P. nigra A, grandis P, sylvatica Q. robur €. satima
Lol L 8.3 90.4 86.5 92.4 88.9 21.5 84.0
F/H 80.0 82.0 80.0 87.0 73.0 70.0 81.0
Total N L 1.87 1.73 1.35 2.37 1.85 2.07 2.03
/R 1.85 1,83 1.83 1.74 1.58 1.66 1.81 .
Total Na L 0.018 0.032 0.012 0.020 0.017 0.024 0.019
F/H 0.023 0.018 0.022 0,031 0.016 0.020 0.017
Total K L 0.13 o.M 0.13 0.17 0.20 0.27 0.18
F/R 0.15 0.14 0.17 0.24 a.21 0,29 0.22
Totel Ca L 0.41 0.58 0.60 0.59 0.69 1.03 0.80
: F/MH 0.37 0.29 . D.30 0.34 0.50 0.82 0.88
Total Mg L 0.073 0.072 0.052 0,004 0.100 0.160 0.120
FH 0.089 0,049 0.060 0.120 0.110 0.200 0.150
Total P L G.130 0.130 0,085 0,160 0.130 0.170 0.180
F/MH 0.098 0,100 0.110 0.130 0.120 0.140 0.150
Varisble Sampling
depth (cm)
pH 0- 5 3.41 2,33 3.56 3,69 3.78 4,02 1,15 .
5-10 3.52 3.45 3.76 J.68 3.85 . 4.08 1.10
10-15 3.66 3.54 3.87 3.88 3., 4.11 4.17
15-20 3.83 3.67 3.02 3.89 3.93 4.009 4.18
20-25 3.88 3.74 3.96 3.80 3.96 4.12 4.15
25-30 3.91 3.78 4.00 3,90 3.88 4.13 4.268
45-50 3.88 .89 4.00 3.96 4.04 4,189 4.21
65-70 4.03 3.95 3.97 3.01 4.00 4,26 4.17
LoI 0- 5 9.5 14.0 T.5 5.4 5.8 6.6 5.4
% 0D 5-10 5.8 5.3 1.5 3.5 3.9 1.1 4.0
1015 4.4 4.8 4.1 3.2 4.0 3.3 3.4
15-20 4.0 4.0 1.0 2.9 3.7 3.2 3.0
20-25 3.4 3.7 3.7 3.1 3.7 2.7 2.9
25-30 2.5 2.9 2.6 2.5 1.9 1.0 3.1
45-50 2,9 2.5 2.1 2,1 2.2 1.7 1.7
65-T0 2.1 1.5 2.1 1.9 1.9 1.4 0 1.3 :
Total N 0~ 5 0.30 0.30 0,24 0.18 0.1% 0.25 ¢.20
% 0D 5-10 0.20 0.18 0.14 0,12 0.16 0.15 0.15
10-15 0.14 0.14 0.13 0,10 0.13 0.12 0.11
15-20 0.12 0.12 0.12 0.089 0.13 0.11 0.10
20-2s c.11 0.10 .09 0.07 0.12 0.09 0.08
25-30 0.09 I ¥ 0.10 0.10 0,13 0.08 0.09
45-50 0.08 0.08 0.04 .08 0.05 0.04 0.04
85-70 g.08 0.04 o.04 0.04 0.04 0.02 0.02
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