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INTRODUCTION

Because the United Kingdom imports about 92% of the timber that it uses,
a congiderable expansion of the afforested area appears to be inevitable
(Centre for Agricultural Strategy 1980). A study of the effects of tree
specles on soils i1s 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 soils,

J. D. Ovington sampled soils in plots of coniferous and deciduocus species
on 5 sites., His papers (Ovington 1953, 1954, 1955, 1956a, 1956b, 1958a,
1958b) did not present a statistical analysis of the data. 1In 1974, plots
at Bedgebury, Abbotswood, and West Tofts which had not been felled and
replanted were resampled by ITE and Forestry Commission staff to define
changes in soil 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 Pinus nigra at all 3 sites and for
the species at Bedgebury and Abbotswood were given in Howard and Howard
{1983 a, b and ¢). This paper presents the results for species planted at
West Tofts (Norfolk).

SITES AND SAMPLING PLOTS

The West Tofts area, altitude 30-46 m, is flat, and the soil, except for
the underlying chalky boulder clay, is sandy throughout, The lowermost
light yellow chalky clay, at an average depth of 70 c¢m, is compact and

few roots penetrate it. Ovington (1853) stated that, except for the
lowermost reddish layer, the sandy soil had no clearly-defined horizons, but
showed a gradual change from greyish-brown above to a yellowish-brown

and finally = yellow colour below, Chalk particles and flints were present
throughout the profile., The pH varied with depth from 5 to 8.5. This

area was formerly part of the Breckland heath; it was ploughed and

planted in 18230, Ovington noted that ozk regeneration occurred in all

the plots except that planted with Pseudotsuga menziesit .

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 gampling depths commen to
both years for the soil 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 1851 and 1974 samplings were |
L and F/H layers: loss-on-ignition, total nitrogen, total sodium, potassium,
calcium, magnesium, phosphorus.. Soil: pH, loss-on-ignition, total
nitrogen, extractable sodium, potassium, calcium, magnesium, phosphorus,|
There were some differences in the chemical methods used in 1951 and 1974,
which made it necessary to apply conversion factors to some of 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 anbther purpose
Each species occurred only once at each site.

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 samples,
although this is not altogether satisfactory.

To obtain a pooled 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 ¥/H
layer) and chemical element, separately. If there is heterogeneity of
variance between plots (Bartlett's test), the pooled within-plots estimate
of the variance cannct be used to compare: between years. In such cases,
transformation may remove heterogeneity. In cases where tranBformation
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 tramsformption, comparisons
were made between the plot (species) means for the 1951 and 1974 samplings
using Tukey's honestly significant difference. That test was hlso used to

look for differences among plot (species) means in 1974. For|the L and F/H
leyers, on the 1974 sampling; there were not always 5 replicates per plot

and so Dunnett's (1980) modification for unequal sample sizes|was used.

Scheffé's (1953) method was used to test for differences betwken means for
broadleaves and conifers in 1974,

on the correlation matrix of the data for the 7 chemical varipbles (means
of plots) for both years for the L and F/H layers together. similar
analysis was carried out on the 8 chemical varisbles (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
separately. Components with eigenvalues greater than unity were accepted
as being of practical importance. Eigenvector elements ‘equal| to, or greater
than, 0.75 times the largest value (absolute) showed the varihbles which
contributed most to the components, In each case the minimum spanning tiree

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

Principal component analysis: A principal component analysis Eas carried out




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. In the second type,

for each soil depth, the mean values of the plots (species) are ordered on
2 single axis for each year. The second type illustrates more clearly
than the first type the magnitudes of the differences between years, the
relative values of the species in either year, and the signficant
differences, or lack of differences, between species in 1974,

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

Loss-on-ignition: Pinus nigra litter had the greatest loss-on-ignition
(lowest ash content) in both 1951 and 1974 (Figure 4). Alnus incana litter
showed a significant decrease in loss-on-ignition from 1951 to 1974, and
had the lowest value (greatest ash content) in 1974. Original manuscript
tebles at Merlewood gave a different loss-on-ignition of the F/H layer under
A. tneana from that published (Ovington 1954). The original value (92.64%)
is used here. The A. incana F/H layer had the greatest loss-on-ignition

in 1951, but it decreased significantly to become the second lowest in 1974,
The F/H layer under Larix leptolepis had the greatest loss-on-ignition in
1974, although in that year there was no significant difference between
species. In 1974, the lowest F/H layer loss-on-ignition was under Betula
alba, which showed a significant decrease from 1951,

Nitrogen (total): In 1951 and 1974, in both L and F/H layers, Pinus nigra
had the smallest total nitrogen content and Alnus incana the largest (Figure 6).
The ranges were similar in both years but the maximum and minimum values
were greater in 1974. In 1974, the mean total nitrogen content of the
hardwood litters was significantly (p < 0.00l) greater than that of the
coniferous litters. However, taking the species individually there were
significant differences in L layer total nitrogen between all species except
Pseudotsuga menziesii and Betula alba , while in the F/H layer it was
significantly greater under Alnus Zncana than under all the other species
except Larix leptolepis. Between 1951 and 1974 there were significant
increases under all gpecles in the L layer, and under all species except
Betula alba in the F/H layer,

Sodium (total): In 1951, the L layers undexr Pinus nigra and Larix leptolepis
had the lowest total sodium content. Under Pseudotsuga menziesii, both

the L and F/H layers had the greatest total sodium content in bLoth 1851

and 1974 (Figure 8). In 1974, the P. menziesii L layer had a significantly
greater total sodium content than that under any species except L. leptolepis.
Alnus incana had the smallest total sodium content in the L layer in 1974,
and in the F/H layer in both years. In 1974, the mean extractable sodium
content of the F/H layers under the hardwood specles was significantly

(p < 0.01) lower than that under the coniferous species. However, taking

the species individuzally, there was no significant difference between the

3 coniferous species, or between Betula alba, Larixz leptolepis and, P. nigra,
or between L. leptolepig, B. alba, and A. incana. There was no significant
difference between years in the L layers. In the F/H layers, there were
significant decreases under P. nigrg and B. alba.




Potassium (total): Betula alba L and F/H layers had the greatest total
potassium content in 1951 and 1974 (Figure 10). In 1974, the total
potassium content of the L layer under B. albg was significantly greater
than that under all the other species except Pseudotsuga meniiesit, and in
the F/H layer under B. alba it was significantly greater thay that under all
the other species. There were significant decreases between|1951 and 1974
in the L layers under B. alba and Alnus incana, but no significant changes
were found in the F/H layers. In the L layers the range of total potassium
velues was smaller in 1974 than in 1951,

Calcium (total): In the L layer, Betula aldba and Alnus inc
significantly greater total calcium contents than the conife
in both years (Figure 12) but there were significant differe
coniferous litters. In the F/H layer, B. alba had the great
caleium content in both years, and in 1974 it was gsignifican
than that of any other species except A. tncana. There were
differences between the individual hardwood or coniferous sp | _
A, incana F/H layer was not significantly different from those of Pseud$tsuga :
menaiesii and Larix leptolepis. Between 1951 and 1974 thereiwere signi!icant
decreases in total calcium in the L layers under B. alba, 4. |incana, and

Pirus nigra, In the F/H layers there were significant decre*ses under a11
species except Larix leptolepis.

st total |
ly greater
no signifi ant

Magnesium (total): L and F/H layers under Betula alba had the greatest total
magnesium contents in both years, the content in the F/H layér in 1874

being significantly greater than those under all other species (Figure 14).
Larix leptolepis and Pinus nigra had the smallest total magneésium contents

in the L layers in both years, and in the F/E layer in 1974. ' L. leptolepis
also had the lowest content in the F/H layer in 1851. In 1974 the mean

total magnesium contents of the L and F/H layers under the hardwood species
was significantly (p < 0.01) greater than that under the coniierous species.
However, taking the species individually, B. alba litter was not significantly
different from that of Pseudbtsuga menziesit, and there were no significant
differences between Alnus ineana and the 3 coniferocus specieﬁ. B. alba

F/H layer was significantly greater than that of any other sﬁecies, and there
were no significant differences among the remaining species. There were
significant decreases between years in the L layers under B. alba, 4. incana,
and P. nigrg, but there were no significant differences in the F/H layers.

The L layers showed a narrowing in the range of total magnesium values from
1951 to 1974,

Phosphorus (total): L and F/H layers under Betula alba had the greatest
total phosphorus contents in both years, and those under Pirnus nigra had
‘the lowest (Figure 16). In 1974, the mean total phosphorus ¢ontent of the
hardwood litters was significantly (p < 0.01) greater than that of the
coniferous litters. However, taking the species individually, there were

no significant differences between the L layers of the hardwood species| and
Pseudotsuga menziesii, or between Alnus incana and L. leptolépis, or between
L. leptolepis and P. nigra. In the F/H layers the coniferous species were not
significantly different from each other or from A. incana, 4d there wab no
significant difference between the 2 hardwood specles and P. menziesit. and

L. leptolepis. Omly B. alba and P. nigra differed significamtly. The only

significant difference between years was a decrease in total phosphorus in
litter of B. alba.




4,2 8Soils, analysis of variance

pH; The means are shown plotted against depth in Figure 1. In Figure 2,
for each s0il layer, the mean values of the plots (species) are ordered
on a single axis for each year. 1In 1974, soll under Alnus incana was the
most acid at all depths except 65-70 cm, whereas soil under Pinus nigra
was the least acid at all depths except 0-5 cm. Between 1951 and 1974
there was a significant decrease in pH in soil above 20 cm depth under

A, incana, and an increase at all depths below 25 cm under P, nigra.
There was a significant increase at 65-~70 c¢m depth under all specles, and
at 45-50 cm under all species except 4. trneara.

Loss-on-ignition: The means are shown plotted against depth in Figure 3.

In Figure 4, for each soil layer, the mean values of the plots (species)

are ordered on a single axis for each year. Soil at 0-5 cm and 5-10 em
depth under Alnus incana had the greatest loss-on-ignition in both years.

In 1974, soil under Pinus nigra had the lowest loss-on-ignition at all depths
down to 30 cm. At 0-5 cm the mean loss-on-ignition under the hardwood
species was significantly (p < 0.001) greater than that under the coniferous
species. However, taking the species individually there was no significant
difference between species if 4. incana was removed (Figure 4). Between

1951 and 1874 there were significant decreases in loss-on-ignition at 5-10 cm,
15-20 cm, and 25-30 cm depth under P. nigra and Larix leptolepis.

Nitrogen (tosal): The means are shown plotted against depth in Figure 5.

In Figure 6, for each soil layer, the mean values of the plots (species)

are ordered on a single axis for each year, In both 1951 and 1974, soil
under Alnus incana had the greatest total nitrogen content at 0-5 cm and
5-10 cm, and in 1974 at 0-5 cm it was significantly greater than under any
other species. At 0-5 cm and 5-10 ¢m the mean total nitrogen content was
significantly (p < 0.001) greater under the hardwood species than under the
coniferous specles. However, taking the species individually there was no
significant difference at 0-5 cm if A. i7ncana was removed, and at 5-10 cm
Betula alba was not significantly different from Pseudotsuga menziesii
(Figure 6). By contrast with Bedgebury and Abbotswood (Howard & Howard
1984b, c) there were few statistically significant changes from 1851 to 1974,
and they were small and occurred only at one or two depths for each species.
The only significant change at 0-5 cm was a small increase under 4. incanda.

Sodium (extractable): The means are shown plotted against depth in Figure 7,
In Figure 8, for each soil layer, the mean values for the plots (species)
are ordered on a single axig for each year. In 1974, there was one
replicate with a very high level of extractable sodium at 45-50 cm and
65-70 cm under both Alnus incana and Lariz leptolepis. However, the mean
values for those soils were not significantly different from the mean
values at the same depths under the other species. The only significant
differences between species in 1974 occurred at 5-10 cm, 15-20 cm, and
25-30 cm. There was a significant decrease in extractable sodium at 5~10 cm,
15-20 cm, and 25-30 cm under Pinus nigra, at 5-10 cm and 25-30 cm under
Lariz leptolepis, and at 0-5 cm and 5-10 cm under 4. <necana.

Potassium (extractable): The means are shown plotted against depth in
Figure 2. 1In Figure 10, for each soil layer, the mean values for the plots
(species) are ordered on a single axis for each year. There were no
significant differences between species at any depth in 1974, but soil
under Betula alba had the greatest, and under Pinus nigra the smallest,
content of extractable potassium down to 20 c¢m depth. There were only 2
statistically significant changes, an increase under B. alba at 25-30 cm
and an increase under Alnus incana at 45-50 cm.




Calcium (extractable): The means are shown plotted against depth in
Figure 11, In Figure 12, for each soil layer, the mean values of the plots
(species) are ordered on a single axis for each year, In 1974, there was
one replicate with a very high level of extractable calcium at 45-50 ¢m

and one at 65-70 cm under both Alnus incana and Larix leptolepis, but the
only signiticant difference between species in 1974 was betwe?n Pinus nigra
and 4. incana at 5-10 cm depth. There were significant decrease at

0~5 c¢cm under L. Zeptolepzs and 4. incana, sand at 5-10 cm, 15-20 cm, and
25-30 cm under P. nigra, and a significant increase at 45-50 ¢m under
A. ineana.

Magnesium (extractable): The means are shown plotted against Lepth in
Figure 13. In Figure 14, for each scil layer, the mean values for the plots
{species) are ordered on a single axis for each year, In 1974 there was
one replicate with a very high level of extractable megnesium| at 45-50 cm
and one at 65-70 cm under both Alnus incana and Larix leptolepis. 1In 1974,
the mean extractable magnesium content of soil at 0-5 cm depth was
gignificantly (p < 0.01) greater under the hardwood species than under the
coniferous species. However, taking the species individually|, there was| no
gignificant difference if Betula alba was removed (Figure 14)t There were
significant decreasesat 0-5 cm, 5-10 cm, and 15-20 cm, under hll 5 species,
and at 25-30 cm under all specles except B. alba. ‘

Phosphorus (extractable): The means are shown plotted against?depth in
Figure 15. In Figure 16, for each soil layer, the mean values of the plots
{species) are ordered on a single axis for each year. There Wwere no
differences between species below 15 cm. At 0-5 cm there was no difference
between species if Pinus nigra was removed, and at 5-10 cm there was no
difference if Alnus incana was removed (Figure 16). From 1951 to 1974 there
was a significant increase at 0-5 cm under Pseudotsuga menziestiti, and there
vere significant decreases at 15-20 cm under P, nigra and Larix leptolepis.

|
4.3 Land¥/H layers, principal component analysis, 1951 and 1974 data
combined

As at Bedgebury and Abbotswood (Howard & Howard 1884b, c¢), loas—on-igniﬁion
has the lowest coefficient of wariation, here 17%. Potassiuszhowed most
variation (CV 84%). As at Abbotswood, total potassium, calcium, magnesium,
and phosphorus are all positively intercorrelated (p < 0.01), but unlikq

the Abbotswood data, there were no other significant correlations.

|

The first 3 eigenvalues of the correlation matrix are likely to be of
practical importance, together they account for 86% of the total variance.
The first component, accounting for 50% of the total variance is, like that
of the Abbotswood samples, dominated by total potassium, megnesium, calcium,
and phosphorus. The second component, accounting for 19% of the total 1
variance, is dominated by total scdium, which accounts for almost 60% oﬁ the
variance in that component {cf Abbotswood). The third componbnt, accouﬂting
for 16% of the total variance, is dominated by total nitrogen, which accounts
for about 63% of the variance in that component, The first and second
components are plotted im Figure 17, :

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

As in the Bedgebury and Abbotswood L layers, loss-on-ignition had a very

low coefficient of variation (3%). The coefficlents of variahion of the
other variables range from 28% for total phosphorus to 53% zob total calcium,
Unlike Bedgebury and Abbotswood, there are no significant correlations.



Only the first 3 components are of practical importance, together they
account for 96% of the total variance. The 3 zerc eigenvalues are due

to the fact that there are only 5 sets (species) but 7 variables., The
first component, accounting for 37% of the total variance, is dominated
by total magnesium, calcium, phosphorus, and nitrogen. The second
component, which accounts for almost 233% of the total variance, is chiefly
due to a combination of total sodium and loss-on-ignition. The third
component, accounting for 17% of the total variance, is mainly due to a
contrast between total sodium and total potassium. The first and second
component values are plotted in Figure 18, with the minimum spanning tree
in 3 dimensions superimposed.

In the F/H layers,as in the L layers, loss-on-ignition has the smallest
coefficient of variation, but here it is larger (16%). Total calcium has
the greatest coefficient of variation (50%).

Total phosphorus is significantly correlated with total magnesium (r = §,948)
and total potassium (r = 0,885), and total magnesium is significantly

correlated with total potassium (r = 0.934) (cf Abbotswood, Howard &
Howard 1984c).

Only the first 2 eigenvalues are of practical importance, together they
account for 91% of the total variance. As with the L layer data, there
are 3 zero eigenvalues due to there being 7 variables but only 5 data sets,
The firat component, accounting for 66% of the total variance, is chiefly
a contrast between total magnesium, celcium, phosphorus, and potassium

on the one hand, and loss-on-ignition on the other. The second component,
which accounts for 25% of the total variance, is due chiefly to total
nitrogen, which accounts for 53% of the variance in that component. The
first and second component values are plotted in Figure 19.

4.5 Soils, principai component analysis

The means, standard deviations, and coefficlents of variation of the
variables for the soils are given in Table 2, As at Bedgebury and Abbotswood,
pH showed least variability (CV 14%)., However, unlike those 2 sites,
extractable phosphorus does not show greatest variastion (here CV 33%), theat

is shown hy extractable calcium (CV 205%). Total nitrogen is also very
variable (CV 104%).

The correlation half-matrix is given in Table 3, The pattern of significant
correlations is not similar to those at Bedgebury and Abbotswood.

The first 2, possibly 3, eigenvelues of the correlation matrix may be
considered to be of practical importance, the first 2 account for 74% of the
total varlance, the first 3 account for 83% (Table 4). The first component,
accounting for 44% of the total vaeriance, is essentially a contrast

between pH on the one hand, and total nitrogen, loss-on-ignition and
extractable potassium on the other (Table §). The second component,
accounting for 30% of the total variance, gives large positive weightings

to extractable calcium, sodium, and magnesium. The third component,
accounting for 9% of the total variance, is dominated by extractable
phosphorus, which accounts for about 77% of the variance in that component.

The first and second components are plotted in Figure!. 20, The positions
of the pcints on the first axis are due chiefly to horizon and species,

and there are no large changes with time. The lowest first component
values are for Alnus ineana 0-5 cm (1951 and 1974), and for all soil depths




this species has low component values relative to those of other species
at the same depth. There is a decrease in second component value for

all species in the upper soil layers, but A. incana and Lariz leptolepis
show large increases for 45-50 om and 65-70 depths. L. leptoléepis showed
a decrease in third component value for all depths, the largesh decrease
being for 65-70 cm depth. Most other species showed increases| in third
component values with time. i

For the 1974 data only, the order 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 axes vary wilth depth,
no variable is consistently important at all depths. At one :ﬁpth 2
variables may be associated, but at another they may form a coptrast, ;
og loss-on-ignition and extractable calcium at 5-10 cm and 15-20 cm. The
important variables are different from those at Bedgebury and Abbotswood.
thably, at Bedgebury total nitrogen and extractable potassi were
iimportant at all depths, at Abbotswood loss-on-ignition and pH were
contantly important at all depths.

The first and second component values of the 1974 0-5 cm soil [layer data|
are plotted in Figure 21. The first axis accounts for 50% of the total
variation, and the order of the species plots on it summarizes their
relative positions in a general way, although the second axis, which
accounts for a further 40% of the variation, reveals differences between
Alnus tneana and Betula alba and the remaining species associated with
high loss-on-ignition, total nitrogen, and extractable potassium in the
former. ‘

DISCUSSION

The pH of surface layers of woodland soils iz widely assumed ﬁo be strongly
influenced by the nature of the leaf litter falling on them. |In 1951,

the pH range at 0-5 cm was 5.05 (Pseudotsuga menziesii) to 6.58 (larix
leptolepis)., By 1974, the pH under L., leptolepis had decreased (significantly)
to 4,89, while that under P. memziesii had not changed significantly. i
There were significant decreases in pH under Alnus incana at 0-5 cm,
8~10 cm, 10-15 cm, and 15-20 cm, and the range at 0-5 cm in 1574 was
4,23 (4. incana) to 6.08 (Betulaq alba). Franklirn et al. (1968) found
that soil calcium and magnesium were lower under Alnus rubra than under
P, mensiesii, and attributed this to greater leaching losses under Alnus
agsociated with fixation of nitrogen and production of nitrate. Crocker
and Major (1955) commented on the remarkable acidifying effect of Alnus
erispa on morainic debris. The pH of the uppermost (0-5 cm) doil horizons
fell from 8.0 or more to 5.0 within 35 to 50 years, and leaching of = |
calcium carbonate was rapid. Bormann acd De Bell (1981) found the pH of
mineral soil to be lower under red alder (A. rubra) than undex P. menziesit.

In 1974, all plots showed increased acidity of the 0-15 cm mineral soil
compared with that below 30 c¢m, and this effect was more prongunced than
in 1951 (Ovington 1953). Betula alba showed the smallest pH difference
(1.23 units) and A. incana the largest (2.69 units) between tﬂe upper and
lower soils. The central zone of maximum pH found in 1951 wad not present
in 1974, due to increases in pE below 30 cm. '




Loss-on-ignition was greatest under 4. Zncqrng in both years at 0-5 cm

and 5-10 cm. It appears that organic matter tends to accumulate under .
Alrus species., In a study of mixed hardwood sites in Poland, Karkanis
(1875) found that the organic matter content was greatest under 4. glutinosa.
Bormann and De Bell (1981) found that under A. rubrag the organic matter:
content of the mineral soil was 20% greater, and the pH and bulk density
much lower, than beneath adjacent P, menziesii stands. Franklin et gl.
(1968) found that Aj] horizons of 40-year-old Red alder (4. rubra) stands.
averaged one third greater organic matter content than those under

P. menztesii, presumably because of greater acidity under 4. rubra as a
result of nitrogen fixation and nitrification.

In both 1951 and 1974, A. Zncana had the largest total nitrogen content

in both L and F/H layers. Boellen and Lu (1968) found that nitrification
was especially rapid in the F layer beneath A. rubra despite a very low pH.
In 1851, at 0-5 cm, the range of total nitrogen comtents was ©.03
(Pseudotsuga menziesii) to 0.12 (A. incana), the latter showing a significant
increase to 0.16 in 1974, 1In 1951, at 5-10 cm, the range wasg 0,02

(Betula alba) to 0.05 (A. incana). Because of the ability of Alnus species
to fix atmospheric nitrogen, soils under them usually have high nitrogen
contents. For example, Franklin et gl. (1968) found that total nitrogen
content was one-third greater in the A;) horizon under 40-year-old 4. rubra
stands than under a coniferous stand of mainly P. menziesii (see also

Cole & Johnson 1981), From 1951 to 1974 at 5-10 cm there were significant
increases under P. menziesi? and B. gqlba. There was a significant decrease
under Pinus nigra at 15-20 cm, and under A, incana at 25-30 cm. In general,
the changes in total npitrogen were not as large as those at Bedgebury and
Abbotswood.

Karkanis (1975) found that soil potassium content increased under Alnus
glutinosa. Here, under A. incana, there was a significant increase from
1951 to 1974 only at 45-50 cm. By contrast with Bedgebury and Abbotswood,
there were very few increases in extractable potassium between 15 cm and
'50 cm only under B. alba at 25-30 cm and 4. Zncanag at 45-50 cm.

In 1951 at 0-5 cm, the range of extractable calcium contents was 26.1.
(Pseudotsuga menziesii) to B1.8 (Alnus incana), and soil under P. menztesii
had the lowest extractable calcium content down to 30 c¢m depth. The high
value for soil under A. Zncang at 0-5 cm in 1951 does not agree with the
propensity of that species, noted above, to encourage acidification and
leaching. However, it may be related to within-plot variation and the
presence 0f the underlying chalky boulder clay. From 1951 to 1974, the
only significant changes at 0-5 cm were losses under 4. irneana and

L. leptolepis.

In 1951, at 5-10 cm, the range of extractable calcium values was 40.4
(Pseudotsuga menziesii) to 286.8 (Pinus nigra). Soil under Larix leptolepis
also had a large extractable calcium content (159.6)., The only significant.
change by 1974 was a decrease under P, nigra. At 15-20 cm, the 1951

range was larger, 117 (P. menziesii) to 588.7 (P. nigra), with soil undexr
most species having quite large values (Betula alba 166.5, Alnus incona
173.8, L. leptolepis 478.4). Again, the only significant change by 1974 was
a decrease under P, nigra. At 25-30 cm in 1951, the range was smaller,

78.5 (P. menaiesit) to 377.7 (P. nigra), and again there was a significant
decrease under P, nigra.
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The large extractable calcium values in 1974 under Larix leptolepis and
A. incana at 45-50 cm and 65-70 cm suggest that in those plots the chalky
boulder clay came closer to the surface than in the other plots, and
probably also than in the same plots in the 1951 samples, so sensible
comparisons cannot be made at those depths. '

Soil under all species showed significant losses of extractable nagnesium

at 0-5 cm, 5-10 cm, and 15-20 cm, and under all except Betula alba at

25-30 cm. In 1951, the range of extractable magnesium contents at 0-5 cm
was 4.0 (Pinus nigra) to 9.6 (Larix leptolepis). In 1974, the range was
0.858 (P. nigra) to 2.56 (B. alba). The smallest decrease occurred under

P. nigra and the largest under L. leptolepis. In 1951, at 5-10 cm, the
range was 2.8 (P. nigra) to 4.5 (L. leptolepis), in 1974 the range was

0.86 (4. ineana) to 1.68 (Pseudotsuga menziesii). The smallest loss, again,
was under P. nigrq and the largest under L. leptolepis. At 15-20 cm, in
1951, the range was 2.4 (B. alba) to 4.0 (L. leptolepis). In 1974, the|
range was 1,22 (B. alba and P, nigra) to 1,98 (L. leptolepis). The smallest
loss occurred under B. alba and the largest under P. menziesii and

L. leptolepis.

In 1951, at 0-5 cm, the range of extractable phosphorus contgnts was 1.15
(Pseudotsuga menziesii) to 2.94 (Larix leptolepis). The only significant
change was a2 gain under P, mensziesii?. At 5-10 cm, the range 'was 1,32
(Alnus incana) to 3.37 (Pinus nigra). There were no signifidant changes
at this depth. At 15-20 cm, the 1951 range was 2.35 (P. menaiesii) to
4.08 (P. nigra), and there were significant decreases under P. nigra and
L. leptolepis.

As the first component is the axis of maximum variation, the:species plots
are arranged in the order of their first compoment values at the different
depths in Table 6. The directions of the first component ax¢s are
influenced by high or low values for the listed variables, byt these are
trends only and not all will be expressed in any ocne species* Comparisons
of the orders of the species plots at the various depths are not helpful as
they have different important wvariables, and they are not co+parable with
these at Bedgebury and Abbotswood, | ‘

‘Taking the results of the principal component analyses and the analysis| of
‘'variance together, the main changes at West Tofts from 1951 to 1974 are
summarized in Table 8, It is difficult to put the species in order of the
intensity of leaching of the soils under them, Soil under Pfnus nigra
‘showed npo significant change in pH down to 20 cm, although there was &
signiticant decrease in extractable calcium at 5-10 cm, 15-20 cm, and.
25-30 cm. No other species had sgignificant losses at those fepths. At
0-5 cm and 5-10 cm, P. nigra had the smallest decrease in extractable
magnesium. Bonneau et ql, (1979) found that on a sandy site'P. nigra
rapidly accelerated the loss of total soil elements, especially potassium,
panganese, and sodium, and increased the organic nitrogen cohtent,
However, its effects on available elements were complicated. Results
obtained from Bedgebury and Abbotswood (Howard & Howard 1984a, b, c) were
not consistent with the reputation of P. nigra for accelerating soil
acidification and leaching of bases. ' |

801l under Alnug incana and Larixz leptolepis showed a significant decrease
in pHE (1.7 units) at 0-5 cm, and a significant decrease in extractable
calcium, Franklin et al. (1968) found that soil under 4. ra had lower
caleium and magnesium contents than under Pseudotsuga menziesit, and
attributed this to leaching of bases under alder associated with nitrogen
fixation and nitrate production. Duchaufour and Bonneau (1961) found

losses of calcium, potassium, and magnesium and a decrease pE of 0.# unit,
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at 0-10 cm under P, menziesii compared with soil under oak-hornbeam.
Larch species have a mixed reputation concerning their effects on soil.
Larch is often regarded as a beneficial type of tree with a nutrient-rich
litter (Bonnevie-Svendsen & Gjems 1957) or as & soil-deteriorating tree
and a producer of poor humus (Viro 1956). The difference may be related
to species (Schober 1953), or site, or both. More detailed studies are
needed on larch species.

Alnus incana, Pinus nigra, and Betula alba all showed significant decreases
in total calcium in the L and F/H layera which, if it is not simply due

to spatial variation between the 2 years' samplings, means a reduction

in the return of nutrients to the soil surface and suggests a trend

towards a decrease in extractable calcium in the upper horizons, unless

it can be replaced by weathering. If this is so, it is unusual that it
should happen under B, alba as birch species are usually considered to be
good at returning bases, especially calcium, in their litter,

Anderson (1950) considered all the species studied at West Tofts, except
Pinus nigra , to be valuable as soil improvers.

The only tree species in common at Abbotswood and West Tofts is Pinus nigra
(Howard & Howard 1984a), The data for 0-5 cm under P. nigra and

Pseudotsuga menziesii which both occur at West Tofts and Bedgebury are

given in Table 7, The pH at West Tofts was about 1 unit higher than at
Bedgebury under both species in both years. Loss-on-ignition, total nitrogen
and extractable sodium were 3 to 7 times lower at West Tofts than at
Bedgebury. Under P. menziesti extractable potassium was 5 times lower at
West Tofts than at Bedgebury but under P, nigra it was 9 to 11 times lower
and there was a significant decrease between years at Bedgebury. At West
Tofts extractable calcium was lower under both species in 1851 but higher

in 1874 following increases at West Tofts but significant decreases at
Bedgebury. Extractable magnesium was up to 5 times lower at West Tofts

than at Bedgebury and there were significant decreases at both sites under
both species between years. Extractable phosphorus was 3 to 5 times greater
at West Tofts than at Bedgebury and the only significant change between
vears was an increase under P. menstesii at West Tofts.

It seems clear that different tree specles have different effects on scils
and that for a given species the effects may depend upon local conditions.
Changes in the amounts of elements in soils serve to illustrate these
effects in a general way, but are difficult to interpret. For the future,
a greater emphasis on soil processes is needed.

SUMMARY -

i) Alnus incana L and F/H layers had the greatest total nitrogen contents
in both years, although in the F/H layer it was not significantly
different from that of Larix leptolepis. Between 1951 and 1974
there were significant increases in total nitrogen content in the
L layers under all species, and in the F/H layers under all species
except Betula alba. The ranges were similar in both years, but the
maximum and minimum values were greater in 1874,
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iii)

iv)

v)

vi)

vii)

viii)
ix)
x)
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|
Betula alba L and F/H layers had the greatest total potassium, !
cglcium, magnesium, and phosphorus contents in both yearns, althougﬁ
in 1974 they were not always significantly greater thanlunder
any other species.

The range of total potassium and magnesium contents in the L layers
narrowed from 1951 to 1974, due chiefly to significant decreases
under Betula alba and Alnus incana. There was also a narrowing
in the range of L layer total phosphorus contents, due to a
significant decrease under B. alba and a non-significant increase
under Pinus nigra. : |

|
From 1951 to 1974 there were significant decreases in L and F/H
layer total calcium content under Betula alba, Alnus incana, and
Pinus nigra, and in the F/H layer under Pseudotsuga menziesit.

Between 1951 and 1874 there was a significant decrease in pH in
soil down to 20 cm depth under Alnus incana, and at 0-5 cm under
Larix leptolepis. 1In 1974 soil under A. incana had the |lowest pH
at all depths except 65-70 cm, although only at 5-10 cmiwas it
significantly different from soil under any other specie¢s. In 1974
soil under P. nigra was the least acid at all depths except 0-8 cm,
although its pH was not significantly greater than that of soil
under some other specles.

Soil at 0-5 cm and 5-10 cm depth under Alnus incana had the greatest
loss-on-ignition in both years, and this is no doubt cohnected with
its low pH as in (v). Nitrification under Alnus species, consequent
upon nitrogen fixation, may be responsible for soll acifification and
hence organic matter accumulation., In 1974, soil under| Pinus nigra
had the lowest loss-on-ignition at all depths down to 30 cm.

In both 1951 and 1874, soil under Alnus incanq had the greatest
total nitrogen content at 0-5 cm and 5-10 c¢m. By contrEst with
Bedgebury and Abbotswood, there were few statistically bigniricant
decreases from 1951 to 1974,

In 1974 at 0-53 cm depth, soil under Betula alba had the greatest (but
not significantly) extractable potassium, calcium, and megnesium
contents.

The soils here, unlike those at Bedgebury and Abbotswood, showed few
significant increases in extractable potassium or decrehses in
calcium.

Soils under all species showed significant decreases in extractable
magnesium content down to 20 cm depth, and under all encept Betula
alba at 25-30 cm. i

As the first component is the axis of maximum varistion, and any effect
of species is likely to be most pronounced at the surtdce, the

order of the species on the first component at 0-5 cm may be taken

to indicate, in a general way, the relative effects of the specles.
Comparisons of the orders of the species at the various depths are .
not helpful as they have different important variables.
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Table 1, Ovington's sites resampled in 1974 at West Tofts,
Norfolk (Thetford Chase)

Species Planted
Pseudotsuga menziesii (Mipb,) Franco 1930
Pinus nigra var maritima (Ait.) Melv. 1930
Larix leptolepis (Sieb & Zucc.) Gord. 1950
Alnus ineana (L.) Moench, 1930

Betula alba (nomen ambiguum) 1930




Table 2. Minima, maxima, means, standard deviations, and coefficients
of variation of the variables for the West Tofts soils
(1951 plus 1974)

Min, Max. Mean - 8.D. Cc.V.%
pH 4.23 8.47 7.39 1.06 14‘
LOI % OD 0.40 4,91 1.24 0.84 68
Total N % OD 0.01 0.186 0.03 0.43 104
Extractable Na 0.10 3.50 1.04 0.45 62
" K 0.50 3.30 1.33 0.48 4
" Ca 26,10 2486,00 226.74 465,92 205
" Mg 0.20 9.60 2,32 2.33 96

" P 1.00 4.90 2,39 0.79 33

Extractables are given as mg/100 g OD soil




Table 3. Correlation half-matrix for West Tofts

pH

L0I % OD

Total N % OD

Extractable Na
" K
" Ca
" Mg

17" P

pH

1
~ BB THxk
- T11H*%
. 396%*
~,436%%x
.267*
~-.216

LA32%%%

LOI

1

. 943%*%x

-.152

B36***

-.168

LA55%k*

-, 279*%

N Na
1
-.196 1

.680*x%x - 076

-.158 .856%*x*
. 287* 241 Ex
-.287* . 393%*

1

.115

L 426%%%

-.137

soil data (1951 plus 1974)

Ca

1

+A58%%%

.364**

Mg

1

.108




Table 4. Eigenvalues of the correlation matrix of the West
soil data (1951 plus 1974)

@ofts

Component Eigenvalue Percentage of variability
Component Cumulative

1 3.50 43.8 43.8

2 2,41 30.2 74.0

3 0.72 9.0 82.9

4 0.49 6.2 89.1

5 0.42 5.3 94.4

6 0.34 4,3 98.7

7 0.08 1.0 99.7

8 0.03 0.3 100.0

Table 5. Eigenvectdrs of the first three components of theé

correlation matrix of the West Tofts soil data
(1951 plus 1974)

Variable

1 2
pH 0.45% 0.04
LOI % OD -0.49%* ©0.15
Total N % OD . =0.,49% 0.11
Extractable Na 0.23 0.53*%
.. K : ~0.37%* 0.25
" Ca 0.18 0,55%
" Mg -0.16 0.50%
" P 0.26 0.26

*Absolute value greater than 0.75 times the largest absolute

Eigaenvector for component

1=0.24

3

0.12

0.12 .
0.16 :
-0.24
0.20

-0.12
' 0,88+

‘value




Table 6. The order of the West Tofts species plots on the first componenta at the different depths, 1874

0-5 cm 5-10 cm 15-20 cm 25-30 cm 45-50 cm
High Ca, pH, P, Na High pH, Ca, Na, Mg, P High N, LOI, Ca, Mg High Na, LOI, Mg High Mg, Ca, Na, P, K
Low LOI, N Low P Low pH .
Betula alba Pinus nigra Larix leptolepis Pseudotsuga Alnus incana
menziesit

- Larix leptolepis
Pseudotsuga menziesii  Pseudotsuga menziessi Pseudotsuga menziesst Larix leptolepis

Larix leptolepis
Larix leptolepis Betula alba Alnus ineana Pseudotsuga menziesii

Betula alba

Pinus nigra Alnus ineana Betula alba Pinus nigra
Alnus incana Alnus incara Pinus nigra Pinus nigra Betula alba.
Low Ca, pH, P, Na Low pH, Ca, Na, Mg, P Low N, LOI, Ca, Mg Low Na, LOI, Mg Low Mg, Ca, Na, P, K

High LOI, N High P High pH




Table 7. Data for 0-5 cm soil under Pseudotsuga menziesii and Pinus nigra at Bedgebury and West Tofts, 1851 and 1874

N
e e . e o N
pH LOI N Na K Ca Mg P _ N
P. menztesii, 1951 _ ' o -
West Tofts 5.05 1.65 0,03 0.6 1.8 26.1 7.3 1.15
Bedgebury 4.16 9,72 0.22 2.9 8.2 32.2 7.9 0.35
P. menziesii, 1974
West Tofts 5.28 1,98 0.06 a.8 1.81 58.4 1.1 2,44
Bedgebury 4.13 9.20 0.21 2.8 8.9 18.4 3.3 0,50
P. menziesii, change _
West Tofts +0.23 +0.33 +0.03 +0,2 +0.01  +32.3 -8 .2%%% 4] ,20%
Bedgebury -0.03 -0.52 -0.01 -0.3 -0.3 -13.8% ~4.6%%% 10,15
P. nigra, 1951
West Tofts 5.98 2.05 0.04 0.6 1.2 32.8 4.0 1.31
Bedgebury 4.43 9.54 0.25 2.6 12,7 53.4 8.7 0.24
P. nigra, 1974
West Tofts 5,17 1.42 0.04 0.6 1.1 35.4 0.6 0.98
Bedgebury 4,24 8.60 0.20 2.0 9.7 15.9 3.0 0.40

P. nigra, change
West Tofts -0,.81 -0,63 0 0 -0.1 +2.6 =3.4%%*x _0,33
Bedgebury -0.19 +0,086 -0.056 -0.6 «3,0% 37, 5%%% -6, T**%x +0,16



The main changes in the West Tofts plots, 1851 to 1974,

Alnus incana Larix leptolepis Pinus nigra Pseudotsuga menziesit Betula alba

+N +N +N P +N

25-30 cm
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Differences significant at p < 0.05 are hatched,
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Differences aignificant at p < 0.05 are hatched.
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First and second components of the correlation matrix for the

L (
showing changes from 1951 to 1974.

—) and F/H (- - ~ -) layers under different species (naﬂés abbreviated),
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Appendix 1

Chemical methods 1951 1874
LOI % OD* (all samples) 2 nrs at 800°% 2 hrs at 550°C
Total N % OD (L and F/H) Kjeldahl with CuS0 Peroxide/Sulphuric acid
catalyst, followed digestion method, colori~
by distillation. metric determination with
indophenol blue,
Total N soil Ditto Kjeldahl with HgO catalyst,
1951 mg/100 g OD colorimetric determination
1974 ¢ OD with indophenol blue,
Total Nitric/Perchloric/ Peroxide/sulphuric acid
(L and F/H) .
minerals 100 Sulphuric acid digest followed by:
1951 mg/ g oD digestion followed
1874 % OD by :
Na;EEL flame gEEL flame photometer
K )photometer
1 with
Ca-EDTA with murexide}?tORic absorption w
Mg-Titan yellow lanthanum to suppress
g interference
P-Molybdenum blue Mo blue
Extractables (soil) Extracted for 2 As 1951 but for 1 hour.
1951 and 1974 hours with 2.59%
mg/100 g OD acetlc acid, 25

parts to 1 part
AD so0il (2 mm

sieve),
Na) flame
t t
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%°%

Correction factors

L and F/H Total N 1951 equivalent

1974 N x 0.882

soil N 1951 equivalent
K 1951 equivalent

1974 N x 0.707
1974 K x 1.564

pH* 1951 équivalent for Bedgebury add 0.3 pH units
for Abbotswood add 0.49 pE units
for West Tofts add 0.31 pH units

* pH corrections M, Anderson, pers. comm.

1974 chemical analyses were performed by the Chemical Service at Merlewood.

1974 pH measurements were supplied by M, Anderson,




Aggendix 2

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

The data are means of 5 profiles per plot,
5 L or F/H layers per plot,

but there were jhot always




1974 data

Variable P. menziegti P. nigra L. leptolepis A. incana B. alba
% 0D
LOI L 92.9 96.6 ) 89.4 84.9 89.0
F/H 64.0 69.0 ' 78.0 55.0 54.0
Total N L 1.86 0.96 1.37 2,36 1,77
F/H 1.31 1,19 1.53 1.79 1.28
Total Na L 0.023 0.009 0.014 0.008 0.012
F/H 0.024 0.019 0.018 0.012 0.013
Total K L 0.100 0.090 0.094 0.080 0.180
F/H 0.055 0.054 0.034 0.047 0.110
Total Ca L 0.97 0.59 0.42 1.60 1.60
F/H 0.40 0.31 0.36 0.84 0.90
Total Mg L 0.057 0.031 0.036 0.055 0,093
r/H 0.038 0.032 0.036 0.043 0.083
Total P L 0,150 0.074 0.098 0.120 0.150
F/H 0.083 0.063 0.069 0.080 0.110

Variable Sampling

depth
{cm)

pH 0~ 5 4,97 4.86 4.58 3.92 5,77
5-10 6.52 7.46 6.91 4.93 6.69

10-15 7.41 8.13 7.82 6.26 7.74
15-20 T.78 8.18 8.03 7.01 7.95
20-25 7.78 8.15 7.93 7.36 7.91
25~30 7.75 . 8,08 7.85 7.43 7.92
45-50 7.79 8.04 7.83 7.58 7.98

€5-70 7.76 8.08 8.00 7.88 7.95

LOI 0- 5 2.0 1.4 1.7 4.8 2.3
% OD 5-~10 1.4 0.9 1.2 2.0 1.2
16-15 1.2 1.0 1.2 1.2 1.0

15-20 1.1 0.7 1.0 0.9 0.9

20-25 1.1 0.6 0.9 0.9 0.8

25-30 1.2 0.7 1.0 1.0 0.8

45--50 0.7 0.7 1.0 0.8 0.6

65-70 0.5 0.6 0.7 0.5 0.4
Total N 0~ 5 0.08 0.06 0.07 0.23 0.10
% 0D 5-10 0.08 0,02 0.01 0.08 0.06
10-15 0.03 0.03 0.03 0.03 0.03

15-20 0.04 0.02 0.04 0.03 0.04

20-25 0.03 0.04 0.05 0.03 0.02

25-30 0.02 0.02 0.02 0.01 0.01

45-50 - 0,02 0.02 0.02 0.02 0.01
65-70 0.01 0,01 0.01 0.01 0.01
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