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1 INTRODUCTION 

Because the United Kingdom inports abotit 92% of the timber that it uses, 
a 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 soils, 
J. D. Ovington sampled soils in plots of coniferous and deciduous species 
on 5 sites. His papers (Ovington 1953, 1954, 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 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 niqra at all 3 sites and for 
the species at Bedgebury were given in Howard and Howard (1984 a,b). This 
paper presents the results for species planted at Abbotswood. 

2 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 clay 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 said to have carried previously a fafrly 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 soil variables were 0-5, 5-10, 15-20, 25-30, 45-50 
and 65-70 cm. 



3 METHODS 

3.1 Chemical analyses I 
I 
I 

The analyses which were common to both the 1951 and 1974 Sam lings were 
L and F/H layers: loss-on-ignition, total nitrogen, total so ium, potas ium, 
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 951 and 19 4, 

values to produce a 1951 equivalent (Appendix 1). 

I :  
which made it necessary to apply conversion factors to some df the 1974 

3.2 Statistical analyses 

Ovington's plots were not part of a designed experiment, thic) was an 
opportunistic sampling of plots which had been planted for adother pUrpQSe. 
Each species occurred only once at each site. I 

I 
Analysis of variance: Ovington's papers did not give any ind 
variance within plots. In order to compare plot (ie species 
years, we need an estimate of the within-plot variance. In 
work, the only course open to us was to assume that the with 

although this is not altogether satisfactory. 
variances in Ovington's samplings were the same as those in tihe 1974 sarhples, 

To obtain a pomled within-plots estimate of the variance, we.did a one-way 
analysis of variance of the 1974 data for each soil depth (oi L or F/H 
layer) and chemical element, separately. If there is hederogeneity of 
variance between plots (Bartlett's test), the pooled within-*lots estimate 
Of the variance cannot be used to compare between years. In such cases, 
transformation may remove heterogeneity. In cases where tra sformation was 

using Fisher's randomization test. 

4 
not effective, the means of individual plots in 1951 and 197 were com*ared 1 I 
m e r e  heterogeneity did not occur,or was removed by transfo 
were made between the plot (species) means for the 1951 and 
using Tukey's honestly significant difference. That test wad also usedto 
look for differences among plot (species) means in 1974. Fox! the L and F/H 
layers, on the 1974 sampling; there were not always 5 replicates per plot, 
and so Dunnett's (1980) modification for unequal sample sized was used. 
Scheffe's (1953) method was used to test for differences betleen means for 
broadleaves and conifers in 1974. 

I 

Principal component analysis: A principal component analysis was carried out 
on the correlation matrix of the data for the 7 chemical var 
plots) for both years for the L and F/H layers together. A 
was carried out on the 8 chemical variables (means of plots) 
for all the soil layers common to both samplings. A third s 
kas carried out on the 1974 data alone, treating each layer 
Components with eigenvalues greater than unity were accepted 
practical importance. Eigenvector elements equal to, or 

practical importance. 

times the largest value (absolute) showed the variables whicli contributbd 
most to the components. In each case the minimum spanning tiee of the 
Pythagorean distances was computed from the components considered to be of 



4 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 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 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: Lark d e ~ i d ~ a  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 nigm 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 litter (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 Picea abies.  In both layers there was 
a narrowing in the range of loss-on-ignition values from 1951 to 1974, 
resulting in no significant differency between species in 1974. 

Nitrogen (total): Pinus nigra litter had the lowest total nitrogen content 
in both years, in spite of a significant increase from 1951 to 1974 (Figure 6). 
Abies grandis litter also showed a significant increase, and had the greatest 
total nitrogen in 1974. In the F/H layers, there were significant decreases 
under Castanea sat iva,  Quercus robur, and L& 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 betweenplots in 1974. 
Abies grandis F/H layer had the greatest total sodium content in both years. 
In the F/H layer, Abies grandis, Larix decidua, and Pinus 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<0.01) greater than that of 
the coniferous species. However, there was no significant difference 
between the individual species if the value for Quercus robur was removed 
(Figure 10). Castanea sa t iva ,  Quercus robur, Abies grandis, and Pinus nigra 
litters showed significant decreases from 1951 to 1974, while abies 
litter showed a significant increase. The range of total potassium values 
in the litters decreased from 1951 to 1974. In the F/H layers, there were 
significant increases under Quercus robur, Pinus nigra, and decidua. 



Calcium ( t o t a l ) :  Quercus robur L and F/H layers  had the grea tes t  t o t a l  
calcium contents i n  both years. Larix decidua had the lowest t o t a l  calcium 
i n  l i t t e r  and Picea abies the lowest content i n  F/H. In  1974. the  mean 
t o t a l  calcium contents of the  l i t t e r  and F/H layers  of the hiardwood species 
were s ign i f ican t ly  (p < 0.001) greater  than those of the con 
However, comparing the individual species,  l i t t e r s  of some c 
species were not s ign i f ican t ly  d i f f e r en t  from those of some 
In the F/H layers ,  there  was no s ign i f ican t  difference betwe 
~ y z v a t i c a  and the coniferous species (Figure 12). There was a s l i g h t  
narrowing of the  range of t o t a l  calcium values i n  both L and F/H layers  
from 1951 t o  1974. Abies grandis l i t t e r  showed a s ign i f i cau t  decrease from 
1951 t o  1974, and Picea abies and Larix decidua l i t t e r s  sho-ded s ign i f i can t  
increases.  

Magnesium ( t o t a l ) :  In 1974, the mean t o t a l  magnesium 
Ffl layers  of the hardwood species were s ign i f ican t ly  
than those of the coniferous species.  However, 
species,  Quercus robur l i t t e r  had a 
content than any other  l i t t e r ,  and i n  both L and F/H layers  some coniferous 
species were not s ign i f ican t ly  d i f f e r en t  from some hardwood species (Figure 14) 
Ca~tUnea SatiVa l i t t e r  showed a large decrease i n  t o t a l  magaesium, and 
Pinus nigra l i t t e r  a small but s ign i f ican t  decrease, from 1951 t o  1974. The 
Ffl  l ayer  under Picea abies showed a s ign i f ican t  decrease i 
and t h a t  under Que~cus robur a s ign i f ican t  increase,  from 1 

I 

Phosphorus ( t o t a l ) :  Castanea sativa L and F/H layers  had thd grea tes t  I o t a l  
phosphorus content i n  both years. Pinus nigm l i t te r  had the  lowest t Q t a l  
phosphorus content i n  both years,  and its F/E layer  had the  lowest content 
i n  1951, but i n  1974 Larix decidua F/E had the lowest t o t a l  phosphorus 
content. In  1974, the mean t o t a l  phosphorus contents of the  L and F/H layers  
of t he  hardwood speciesaere  s ign i f ican t ly  <p < 0.01) greate* than thosle of 
the coniferous species. However, comparing the individual 
coniferous species were not s ign i f ican t ly  d i f fe ren t  from so  
species (Figure 16) . Abies gpandis , Picea abies , Larix dec 
7 I @ m  l i t t e r s  and F/E layers  showed s ign i f ican t  increases f 

4.2 So i l s ,  analysis of variance 

pH: The mean values f o r  each p l o t  (species) a r e  shown plot t+d against  depth 
i n  Figure 1. In Figure 2, fo r  each s o i l  depth, the mean va ues of t h e  p lo t s  
(species) a r e  ordered on a s ing le  axis  for  each year. In  1 5 1 ,  down t 
25 cm depth, s o i l s  under the 3 hardwood species had the gre t e s t  pH va ues. 
In 1974, the  mean pH of s o i l  under the hardwoods was s ignif  i t cantly (p 0.0011 
greater  than tha t  under the coniferous species a t  a l l  depths. However, 
there  were not always s ign i f ican t  differences between individual conifierous 
and hardwood species (Figure 2). So i l  under Castanea sat ivq had the 
grea tes t ,  and under Picea abies the  smallest ,  pH a t  a l l  depths down t o  50 cm. 
There was a s ign i f i can t  decrease i n  pH a t  0-5 cm depth undek a l l  speciBs 
except Pinus nigra, and a t  5-10 cm under a l l  species except 
Abies grandis. Below 10 cm, there  were some changes i n  pH, 
no c l e a r  trend. The l a rges t  decreases i n  pH were a t  0-5 cm 

P .  n i p  
but they 
under 

robur (-0.77 uni ts)  and Castunea sat iva (-0.53 un i t s ) .  ~ l l  the other 
changes were l e s s  than 0.5 un i t s .  



L ~ ~ ~ - ~ n - i g n i t i o n :  The mean values f o r  each p lo t  (species) are  shown p lo t ted  
against  depth i n  Figure 3. In Figure 4, fo r  each s o i l  depth, the mean 
values of the p lo t s  (species) are ordered on a s ingle  axis  fo r  each year. 
In 1974, a t  0-5 cm, loss-on-ignition of s o i l  under Quercus robur was not 
s ign i f ican t ly  d i f f e r en t  from tha t  under Picea d i e s ,  Lar ix  decidua and 
Pinus nigra, and loss-on-ignition of s o i l  under Abies grandis was not 
Signif icant ly  d i f fe ren t  from tha t  under the 3 hardwood species. A t  a l l  the 
other depths, s o i l  under some individual coniferous and hardwood species 
did not have s ign i f ican t ly  d i f fe ren t  loss-on-ignition. From 1951 t o  1974, 
a t  0-5 cm depth, there  was a s ign i f ican t  increase i n  loss-on-ignition under 
Picea d i e s  (from 7.5% t o  lo%), and a t  the same depth there  was a s ign i f ican t  
decrease under Abies gmndis (8.6% t o  5.4%). Also a t  t ha t  depth, the range 
of loss-on-ignition values had increased by 1974 (cf Bedgebury, Howard k 
Howard 198413). Smaller, but s ign i f i can t ,  decreases occurred a t  various 
depths under Picea d i e s ,  Abies grandis, Fagus sylvatica, Quercus robur 
and Castunea sativa. 

Nitrogen ( to t a l ) :  The mean values f o r  each p lo t  (species) are shown p lo t ted  
against depth i n  Figure 5. In Figure 6 ,  f o r  each s o i l  depth, the  mean 
values of the p lo t s  (species) are ordered on a s ing le  axis  for  each year. 
In 1974, only a t  5-10 cm was there  any s ign i f ican t  difference between p lo t s  
i n  t o t a l  nitrogen content. A t  tha t  depth, s o i l s  under some of t he  coniferous 
species were not s ign i f ican t ly  d i f f e r en t  from those under some of the 
hardwood species. From 1951 t o  1974, s o i l s  under a l l  species except Lmix  
decidm and Picea abies showed decreases i n  t o t a l  nitrogen content a t  0-5 cm, 
and there  were decreases under a l l  species a t  5-10 cm and 15-20 cm. Under 
Pinus n i p  there  were s ign i f ican t  decreases a t  a l l  depths except 45-50 cm, and 
under A x e s  grardis down t o  30 cm. There were also s ign i f ican t  decreases 
a t  various depths under other species.  

Sodium (extractable) :  The mean values f o r  each p lo t  (species) are  shown 
p lo t ted  against  depth i n  Figure 7. In  Figure 8 ,  fo r  each s o i l  depth, the 
mean values of the  p lo t s  (species) a r e  ordered on a s ing le  axis  for  each 
year. The mean extractable  sodium contents of s o i l s  under the hardwood 
species were s ign i f ican t ly  (p < 0.05) smaller than those under the coniferous 
species a t  a l l  depths except 25-30 cm. A t  a l l  depths, s o i l s  under some 
individual hardwood and coniferous species were not s ign i f ican t ly  d i f f e r en t .  
So i l  under Castunea sativa had the lowest content of extractable  sodium a t  
a l l  depths fo r  both years down t o  30 cm. From 1951 t o  1974, there  were 
s ign i f ican t  decreases a t  5-10 cm under a l l  species except Fagus S ~ Z V Q ~ ~ C ~ .  
A t  greater  depths some species showed no s ign i f ican t  change, some showed 
gains and others  losses .  

Potassium (extractable) :  The mean values fo r  each p lo t  (species) are  shown 
p lo t ted  against  depth i n  Figure 9. In Figure 10, fo r  each s o i l  depth, t he  
mean values of the p lo t s  (species) are ordered on a s ing le  axis  f o r  each 
year. So i l  a t  0-5 cm and 5-10 cm depth under Quercus robur had the grea tes t  
content of extractable  potassium i n  1974, but below 15 cm the content was 
greater  under Pinus nigra i n  both years (cf Bedgebury, Howard & Howard 
1984b). In  1974, the mean extractable  potassium content of 0-5 cm s o i l  under 
the  hardwood species was s ign i f ican t ly  (p < 0.01) greater  than tha t  under 
the  coniferous species.  However, comparing the individual species ,  there  
was no s ign i f i can t  difference between the remaining species i f  Quercus mbur 
was removed. A t  0-5 cm and 5-10 cm, s o i l  under Q. robur had the grea tes t  
extractable  potassium content i n  1974, but below 15 cm the content was 
greater under Pinus nigra i n  both years (cf Bedgebury, Howard 81 Howard 1984b). 



There was some evidence of an increase i n  
t o  1974 a t  most depths under several  of the species,  and i n  
below 15 cm depth the increases were s t a t i s t i c a l l y  

Calcium (extractable):  The mean values f o r  each p lo t  (species1 are  shown 
plot ted against  depth i n  Figure 11. In Figure 
mean values of the p lo t s  (species) are  ordered 
year. I t  i s  in t e r e s t i ng  tha t  s o i l  under Pinus 
qalcium content a t  most depths i n  both years,  its content 
a t  5-10 cm i n  1951, a t  15-20 cm i n  1974, a t  25-30 cm i n  
i n  1951, and a t  65-70 cm i n  1974. In  1974, the only signific&nt differebce 
between species with regard t o  s o i l  extractable  calcium contemt was a t  
65-70 cm depth, where s o i l s  under some of the  coniferous species were not 
s ign i f ican t ly  d i f fe ren t  from s o i l s  under some of the hardwoodspecies 
(Figure 12). So i l s  a t  0-5 cm depth under Abies grandis, Fa 
Quercus robur and Castanea sativa showed s ign i f ican t  losses  
aalcium between 1951 and 1974. Under a l l  those species 
losses  down t o  20 cm except F.  sylvatica 5-10 cm. Under 
losses  were s ign i f ican t  down t o  50 cm, and under Picea 

Q .  robur there were s ign i f ican t  Increases a t  65-70 cm. 

from 5 t o  50 cm. So i l  under a l l  species except Larix decidua and Quercus 
robwl showed losses  a t  45-50 cm. Under Pinus nigra, Fagus sytvatica and 

Magnesium (extractable) :  The mean values f o r  each p lo t  (speci 
p lo t ted  against depth i n  Figure 13. In Figure 14, fo r  each s 
mean values of the p lo t s  a r e  ordered on a s ing le  axis  fo r  eac 
under Castanea sativa had the lowest extractable magnesium 
depths below 5 cm i n  1974, and a t  5-10 cm and 15-20 cm i n  1951. I n  1974, 
the mean extractable  magnesium content i n  the  s o i l s  between 5 and 25 cm 
depth under t he  hardwood species was s ign i f ican t ly  (p < 0.01) smaller than 
tha t  under the  coniferous species. However, a t  most depths s b i l s  under some 
individual hardwood species were not s ign i f ican t ly  d i f f e r en t  
w d e r  some coniferous species (Figure 14). There were s ignif  
a t  a l l  depths under a l l  species except Quercus robur 45-50 cm 
and under Pinu8 nigra and Fagus sylvatica a t  65-70 cm. The 
the changes decreased with increasing depth. 

Phosphorus (extractable) :  The mean values f o r  each p l o t  (specties) are  shown 
p lo t ted  against depth i n  Figure 15. In Figure 16, f o r  each s p i l  depth, the  
mean values of the p lo t s  a r e  ordered on a s ing le  axis  f o r  
under Larix deciducl had an unusually large extractable  
i r l l  depths i n  1951, the  amount increasing with depth. 
had the  grea tes t ,  m d  under Fagus syzvatica the 
phosphorus content a t  a l l  depths i n  1974. A t  0-5 cm the extr'actable phdsphorus 
content of s o i l  under Picea c~bies was s ign i f ican t ly  grea te r  man tha t  under 
any o ther  species.  In  1974, the mean extractable  phosphorus content of 
s o i l s  under the hardwoods was s ign i f ican t ly  smaller than tha  
conifers  a t  0-5 cm (p < 0.001), 5-10 cm (p < 0.05), 10-15 cm 
15-20 cm (p < 0.05) and 25-30 em (p < 0.05). However, takin 
individually,  a t  a l l  depths one (or  more) hardwood species c 
which was not s ign i f ican t ly  d i f fe ren t  from one o r  more conif 
From 1951 t o  1974 there  were s ign i f ican t ,  and large,decreasea i n  extractable  
phosphorus content a t  a l l  depths under Larix  decidua, re la ted  t o  i ts  high 
content i n  1951. There were s ign i f i can t  increases a t  some ddpths under some 
species,  but with no evidence of a c l ea r  trend. 

I 



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

Loss-on-ignition (CV 11%) and nitrogen (CV 18%) showed l i t t l e  var ia t ion,  
while t o t a l  potassium (CV 53%) showed most var ia t ion.  Nine of the  21 
correla t ion coeff ic ients  a r e  s ign i f i can t ,  the la rges t  being between t o t a l  
potassium and magnesium ( r  = 0.813, P < 0.001). The pa t te rn  of s ign i f ican t  
correla t ions  is d i f fe ren t  from tha t  a t  Bedgebury (Howard & Howard 1984b). 
Total potassium, calcium, magnesium, and phosphorus a r e  a l l  in tercorrela ted 
a t  p < 0.001. Total nitrogen i s  correla ted with t o t a l  phosphorus a t  
p < 0.001, and w i t h  calcium and magnesium a t  p < 0.05. Loss-on-ignition 
and t o t a l  sodium were not correla ted with any of the  other variables.  

The first 3 eigenvalues of the correla t ion matrix may be considered of 
p rac t ica l  importance, together they account for  83% of the t o t a l  variance. 
The first component, accounting fo r  49% of the t o t a l  variance, is chief ly  
a combination of t o t a l  phosphorus, calcium, potassium, and magnesium. The 
second component accounts fo r  17% of the  t o t a l  variance, and i s  dominated 
by t o t a l  sodium, here given a negative weighting. The th i rd  component, 
accounting fo r  17% of the t o t a l  variance, i s  dominated by loss-on-ignition. 
These components are  not the same as the f i r s t  3 components of the  
Bedgebury L and F/H layers  (Howard & Howard 1984b). The f i r s t  and second 
component values a r e  plot ted i n  Figure 17. Unlike the corresponding 
Bedgebury p l o t ,  t h i s  shows no divis ion between L and F/H layers  on the f i r s t  
component axis.  Castunea sativa and mercus robur l i t t e r s ,  which have la rge  
posi t ive  f i r s t  component values fo r  1951 ( i e  large oalues for  one o r  more 
of t o t a l  phosphorus, calcium, potassium, and magnesium), showed a decrease 
with time. On the other hand L&x decidua l i t t e r  and Pinus nigra F/B layer, 
which had low f i r s t  component values i n  1951 ( i e  low values for  one o r  more 
of calcium, potassium, and magnesium) showed an increase with time. Smaller 
increases were shown by L .  decidua F/H, P .  n i p  l i t t e r ,  and both layers  
under Picea abies. 

On the second component axis  (Figure 17),  L layers  under Picea d i e s ,  
Fagus syZvatica, and to  some extent Quercus robur, show decreases i n  second 
component values ( i e  increases i n  t o t a l  sodium) with time. The remaining 
l i t t e r s  show the reverse e f f e c t .  Pinus nigra and Abies grandis l i t t e r s  
show considerable increases i n  second component values with time. A l l  the 
F/H layers ,  except t ha t  under Picea d i e s ,  show decreases i n  second component 
values with time, the la rges t  decrease occurring under L a r i x  decidua. 

On the th i rd  component ax i s ,  there  is a divis ion between L layers ,  which 
have la rger  t h i rd  component values ( i e  greater  LO1 and consequently lower 
ash),  and F/H layers  which have smaller or  negative th i rd  component values 
(ie. lower LO1 or  greater  ash content) .  A l l  the  L layers ,  except those 
under Pinus nigm and Abies grandis, show increases i n  t h i rd  component 
value from 1951 t o  1974. The l a rges t  increase i n  t h i rd  component value i s  
shown by Picea abies F/H, under Quercus robur there is a s imilar ly  la rge  
decrease. 

4.4 L and F/A layers ,  pr incipal  component analysis,  1974 data only 

A s  with the Bedqebury L layers  (Howard & Howard 1984b), loss-on-ignition 
showed l e a s t  var ia t ion (CV 3%) and t o t a l  magnesium most (CV 37%). The 
pat tern of s ign i f ican t  cor re la t ions  i s  d i f fe ren t  from tha t  for  the Bedgeburg 
L layers ,  notably i n  the lower correla t ion between t o t a l  phosphorus and 
potassium, and the greater  correla t ions  between t o t a l  calcium and potassium. 
t o t a l  nitrogen and magnesium, and nitrogen with potassium. 



The f i r s t  2 ,  possibly 3, eigenvalues o f  the correlation matrix for the 
L layers may be considered t o  be o f  practical importance. The f i r s t  
component, accounting for 56% o f  the total  variance, i s  essentially a 
combination of  total  magnesium, phosphorus, potassium, and calcium. This 
d i f f e r s  from the f i r s t  component o f  the Bedgebury L layer, mainly i n  
giving a lower weighting t o  total  nitrogen. The second compoaent, accounting 
for 22% o f  the total  variance, i s  mainly a contrast between lgss-on-ignition 
and total  sodium. The third component, accounting for about $2% O f  the 
total  variance, i s  dominated by total  nitrogen. The second &d third 
components d i f f e r  from those obtained from the Bedgebury L laper correlation 
matrix. The f i r s t  and second component values are plotted inFigure 18, with 
the minimum spanning tree ( 3  dimensions) superimposed. 1 

In the F / H  layers, unlike the values for Bedgebury (Howard & 
total nitrogen shows least variation (CV 6 % ) ,  but at both s i t  
magnesium shows most variation (CV 47% a t  Abbotswood). The p 
riignificant correlations d i f f e r s  from tha t , for  the Bedgebury 
a t  Abbotswood there were significant positive inter-correlati 
total  potassium, calcium, magnesium, and phosphorus. 

The f i r s t  3 eigenvalues o f  the correlation matrix for the F f l l aye r s  are o f  
practical importance, together they account for 96% o f  the total  varianc . 
The f i r s t  component, accounting for some 58% o f  the total  varliance, i s  
essentially a combination o f  total  potassium, magnesium, calclium, and 

1. 
phosphorus, these 4 variables account for about 83% o f  the variance i n  that 
component. The second component, accounting for nearly 23% o f  the total  
variance, i s  dominated by total  sodium, which accounts for abbut 51% o f  the 
variance i n  that component. The third component i s  dominated by total  
nitrogen, which accounts for about 71% o f  the variance i n  that component. 
The f i r s t  and second component values are plotted i n  Figure 18, with the 
minimum spanning tree i n  3 dimensions superimposed. 

4.5 Soi ls ,  principal component analysis, 1951 and 1974 data kombined 

The minima, maxima, means, standard deviations, and c o e f f i c i  
o f  the variables are given i n  Table 2 .  As at Bedgebury (How 
1984b), pH shows least variation (CV 551, and extractable ph 
calcium are the most variable, with CV's o f  119% and 80% res 

The correlation coe f f i c ien t s  are given i n  Table 3. There ar 
Correlations than with the Bedgebury so i l s ,  mainly because o 
significant correlations between extractable phosphorus 
to ta l  nitrogen, extractable sodium, potassium, calcium, 
unlike Bedgebury, pH i s  not s ignif icantly correlated with t o  
Extractable phosphorus i s  s ignif icantly correlated only 
p < 0.01). Loss-on-ignition, total  nitrogen, extractable sodium, calcidm, 
and magnesium are a l l  positively intercorrelated at p < 0.001. 

The first 2 ,  possible 3,  eigenvalues o f  the correlation matrix (Table 4 )  
may be considered t o  be o f  practical importance. The f i r s t  aomponent, 
accounting for 56% o f  the total  variance, i s  essentially a combination o f  
extractable calcium, loss-on-ignition, total  nitrogen, extracitable magnesium 
and sodium (Table 5 ) .  The second component, accounting for 18% o f  the total  
variance, i s  essentially a contrast between pH and extractable phosphorus, 
these 2 variables account for about 8% o f  the variance i n  t q i s  component. 
The third component, accounting for 11% o f  the total  varianc4, i s  dominated 
by extractable potassium, which accounted for about 57% o f  tiie variance i n  
th i s  component. I 

I 



1 The f i r s t  and second component values are  plot ted i n  Figure 20. The s o i l  
I layers  are  separated on the f i r s t  axis, but some overlap is caused by time 

and species. Apart from Picea abies 0-5 cm, which showed a decrease i n  
f i r s t  component value with time, and L&x decidua 0-5 cm which showed 
l i t t l e  change, there  is a general increase i n  f i r s t  component values with 
time, i e  a trend t o  lower loss-on-ignition, t o t a l  nitrogen, extractable  
calcium, magnesium and sodium. 

Most s o i l s  showed a small decrease i n  second component value with time, i e  a 
trend t o  lower pH and greater  extractable  phosphorus, especially i n  the 
upper s o i l  layers .  In the lower layers  there was mostly l i t t l e  change, o r  
a small increase,  notably under Laz-ix decidua. Except f o r  Picea d i e s  65-70 cm, 
there was a general decrease i n  t h i rd  component value with time, i e  a trend 
t o  lower content of extractable potassium. So i l  layers  under Quercus robur 
showed largedecreases,  especially a t  0-5 cm. 

For t he  1974 data only, the orders of the species p lo t s  on the f i r s t  
components a t  the  d i f fe ren t  depths are  given i n  Table 6.  The var iables  which 
make an important contribution t o  the  f i r s t  axis  vary with depth, only 
loss-on-ignition and pH a re  constantly important a t  a l l  depths. Extractable 
calcium, magnesium and phosphorus a r e  important a t  a l l  depths to  20 cm and 
extractable  calcium and magnesium a t  65-70 cm. 

The f i r s t  and second component values of the 1974 0-5 cm s o i l  l ayer  data 
are  plot ted i n  Figure 21. The f i r s t  axis  accounts f o r  77% of the t o t a l  
var ia t ion,  and the order of the species p lo t s  summarizes t h e i r  r e l a t i v e  
p o s i t i o n s i n a  general way, although the second axis  reveals a difference 
between Quercus robur and Castunea sa t iva .  

5 DISCUSSION 

The pH of surface layers of woodland s o i l s  is widely assumed t o  be strongly 
influenced by the nature of the leaf  l i t t e r  f a l l i n g  on them. In  1951, the 
most acid 0-5 cm s o i l s  occurred under L&x decidua (pH 4.1), Firms nigra 
<pH 4.14), and Picea d i e s  (pH 4.16). The l e a s t  acid were under &uercus 
robur (pH 5.28) and Castunea sat iva (pH 5.17). By 1974, t he  pH of the 
&. robur 0-5 cm s o i l  had f a l l e n  t o  4.51, and t o  3.82 under PiCea d i e s .  
A l l  the species except Pinus nigra showed a s ign i f ican t  decrease i n  pH 
a t  0-5 cm. The l a rges t  decrease was under C .  sativa (0.53 u n i t s ) ,  the  
smallest s ign i f ican t  decrease was under L .  decidua (0.2 un i t s ) .  By contras t ,  
a t  Bedgebury only Quercus petraea showed a s ign i f ican t  change i n  pH a t  t h i s  
depth, a small increase (Howard & Howard 1984b). Here, Fagus syzvatica 
showed a decrease i n  pH down t o  15 cm, and Picea d i e s  down t o  20 cm and 
a t  25-30 cm. 

I n  1974, the  mean pH of s o i l  under the  hardwoods was s ign i f ican t ly  grea te r  
than t h a t  under the  coniferous species a t  a l l  depths. Howevef;.the~e-wk3e 
nof always s ign i f i can t  differences between individual coniferous and hardwood 
species.  Also i n  1974, under a l l  species,  there  was a s l i g h t l y  increased 
acidi ty  of s o i l s  down t o  30 cm compared with those a t  greater  depths. This 
e f f ec t  was more pronounced than i n  1951 (Ovington 1953). The smallest 
difference occurred under Castunea sat iva (0.02 pH uni ts)  and the grea tes t  
under Picea d i e s  (0.34 pH uni t s ) .  



In  t ry ing  t o  f ind an ecological in te rpre ta t ion  f o r  these reL 
uaeful t o  recognize 2 groups of var iables ,  (a) those 
qua l i ty  and quanti ty of s o i l  organic matter (LOI, N ,  
i n  them which are  brought about by physiological 
and (b) elements of the s o i l  exchange complex 
removed by leaching and can be replaced by 

(b) . 
the upper s o i l  layers ,  by t r e e  l i t t e r f a l l .  pH is inf luencedby both cab and 

In 1974 there  was a s ign i f i can t  difference between species i n  t o t a l  n i t ~ o g e n  
content only a t  5-10 cm. From 1951 t o  1974 there  were s ign i f ican t  decreases 
a t  0-5 cm under @ereus robur, Fagus sytoatica, Castunea sat$va, Abies grandis 
and  I US n i p .  By cont ras t ,  a t  Bedgebury a t  t h i s  depth thb  only s ign i f i can t  
change was a gain under Larix emote&. Other depths showed nitrogen losses  
of s imi la r  magnitudes a t  both sites. 

In  1974, a t  0-5 cm, there  was no difference between 
potassium except f o r  Quermcs robur. 
a t  5-10 cm. Below 10 cm, there  was 
for  Pinus nigra. From 1951 t o  1974, extractable  
increases between 15 cm and 5O cm under Larix 
nigm and Quercus robur, and there  were 
other species.  Changes were broadly 
and may r e su l t  from increased mineral weathering. 

I n i t i a l  extractable  calcium contents a t  Abbotswood (0-5 cm) Were i n  t h e  range 
10.5 t o  23.1. A t  Bedgebury, the r a g e  was 17.2 t o  53.4. I t  is c l ea r  t h a t ,  
i n  general, t he  Bedgebury p lo t s  were higher i n  extractable  c81cium i n  1051, 
especial ly  under Pinus n i g ~ a .  In  deeper layers ,  the dif ferences  between the 
s i t e s  were l e s s  obvious, except f o r  the  Pinus nigra p l o t  a t  Bedgebury. A t  
Abbotswood there  were s ign i f i can t  losses  of extractable  calcium i n  the  surface 
layers under most species,  but Larix decidw showed a s i g n i f ~ c a n t  loss  only 
a t  15-20 cm. 

A t  Abbotswood, as a t  Bedgebury, there  were s ign i f ican t  decre 
extractable  magnesium under most species a t  most depths. 

I 

In  1951, extractable  phosphorus contents a t  Abbotswood (0-5 
the range 0.48 (Fagus sylvat ica)  t o  3.16 (Larix dec idw)  . I 
range was 0.36 (Fagus sytvat ica)  t o  2.89 CPicea d i e s ) .  By 
s o i l  a t  Bedgebury was generally poorer i n  extractable  
i n  1951 being 0.20 (Nothofagus obtiqua, Zariz 
h s o n i a a ) ,  and i n  1974, 0.38 (Nothofagus obtiqua, Quercus Mra) t o  01.67 
(&uermcs petraea). A t  a l l  depths studied,  s o i l  a t  Abbotswood had a much 
grea te r  content of extractable  phosphorus than s o i l  a t  Bedgebury, under a l l  
species.  

Comparison between Abbotswood and Bedgebury is made d i f f i c u l t  by the f a c t  
t ha t  the  sites had only 2 t r e e  species i n  common, Pinus nigr@ and Picea abies.  
Data f o r  these 2 species a t  0-5 cm are given i n  Table 7. Un#er both species 
a t  t h a t  depth, there  was not much difference i n  1951 betweenithe 2 sitee with 
respect t o  loss-on-ignition, t o t a l  nitrogen, o r  extractable  
Abbotswood, 0-5 cm s o i l s  had s l i gh t ly  l e s s  extractable  sod1 
much extractable  potassium, and about 5 t o  6 times a s  much 
phosphorus. 



Over the period 1951 to 1974, 0-5 cm soil under Picea abies showed a 
greater loss of extractable magnesium at Bedgebury than at Abbotswood, and 
a greater gain in extractable sodium and phosphorus. There was a slight 
(non-significant) gain in extractable calcium at Abbotswood as opposed to 
a small (non-significant) loss at Bedgebury. Under Pinu8 nigZ't2, 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 
~ignificant gain in extractable phosphorus. 

As the first component is the axis of maximum variation, the species plots 
are arranged in the order of their 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 6 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 Pintcs nigra. Castunea satitla had the lowest or second lowest 
first component value 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 soil under 
% U ~ P C U S  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 calcium, potassium, and phosphorus (Rennie 1955). 
Karkanis (1975) found that of 6 hardwood species studied, the soil phosphorus 
content increased most under Q. 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, Q. 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. In the soil, only extractable potassium increased from 1951 to 1974. 

It is well known that the effect of Fagus syzvatica depends upon the site, 
forming mull on calcareous soils and mor on base-deficient soils (eg Brown 
1953). At Abbotswood, F. syzvatica 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 Abies gMndis and Castrmea 
8at<va, although Gloaguen and Touffet (1976) found that A .  p?ndis 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 & Touffet 1976), and Bonneau e t  az. (1979) found that on a sandy 
site it rapidly accelerated the loss of total soil elements, especially 



potassium, manganese, and sodium, and increased the organic DitIWgen 
content. However, its e f f ec t s  on avai lable  elements were cqmplicated. The 
posit ion of Pinus nigra a t  Bedgebury (Howard & Howard 1984b) was a l so  
somewhat anomalous, but t ha t  p l o t  was i n i t i a l l y  r icher  i n  c lcium than any 
other a t  t ha t  s i t e .  

Picea abies is generally regarded as  a soi l -deter iorat ing sdecies,  and i t  
i s  often found natural ly  on pbdzols with raw humus (Bonnevi -8vmdson 
Gjems 1957). However, t h i s  is not always the case. Von M i  h l ich (197 ) 
found l i t t l e  evidence o i  s o i l  compaction, nitrogen losses ,  r ser ious  i u t r i en t  
depletion i n  the s o i l  of a 25 year-old second generation S p h e  stand a 
loess-pseudogley, which had been under the species f o r  120 f ea r s ,  compared 
with the s o i l  of a near-natural oak-beech stand. He concluded tha t  a t  t h a t  
s i t e  any e f f ec t s  on the nu t r i t ion  of t he  spruce were small. A t  Bedgebury 
(Howard & Howard 1984b) the smallest  losses  of nitrogen and mineral elements 
occurred under P. ab-ies. A t  Abbotswood, a t  0-5 cm, there  wris a sigmificant 
increase i n  loss-on-ignition (from 7.5 to,lO%) and a decreade i n  pH (4.16 t o  
3.82) under P. ab-ies, but  i n  general t h i s  spec5es appears t have had a smaller 
influence on leaching of s o i l  minerals than did most of the other species.  
P. abies may be l i k e  Fagus syZvatica i n  tha t  i t s  e f f e c t  on o i l s  depends on 
the type of s o i l  on which i t  grows. I 

Larch species have a mixed reputation concerning t h e i r  e f f e  
Larch i s  of ten regarded as  a benef ic ia l  type of t r e e  with 
l i t t e r  (Bonnevie-Svendson & Gjems 1957) o r  as  a 

on la rch  species.  

a producer of poor humus (Viro 1956). The difference may be re la ted  t o  
species (Schober 1953), o r  s i t e ,  o r  both. More de ta i led  s tud ies  are  needed 

I t  is c l ea r  t ha t  d i f fe ren t  t r e e  species have d i f f e r e n t  e f f ed t s  on s o i l s ,  
and tha t  fo r  a given species the e f f ec t s  may depend on locall conditions. 
Changes i n  the amounts of elements i n  s o i l s  serve t o  i l l u l t ~ a t e  these e f f ec t s  
i n  a general way, but are  d i f f i c u l t  t o  i n t e rp re t .  For the uture,  a g t ea t e r  
emphasis on s o i l  processes is needed. 1 I 

i 

(1) Because there  were no s ign i f ican t  differences between years i n  the 
L layer  t o t a l  nitrogen contents of @emus robur, Cadtunea sat iva and 
Larix decidua, decreases i n  the t o t a l  nitroaen contedts of t h e i r  
F/E layers  may r e f l e c t  changes i n  biochemical ac t iv id i e s  i n  the  
fo re s t  f l oo r .  I 

! 

(11) From 1951 t o  1974, the range of t o t a l  potassium i n  
narrowed, due chief ly  t o  decreases i n  the l a rge r  
were s ign i f ican t  under Castanea sat iva,  Q. robur, 
and Pinus nigra. Picea abies l i t t e r  showed a 
In  the FAi layers  there  were s ign i f ican t  
P .  nigra, and Larix decidua. I 

(111) There was a s l i g h t  narrowing of the  range of t o t a l  calcium i n  both 
the L and FAi layers  from 1951 t o  1974. 



( iv)  I n  both the L and F/H layers ,  the  4 coniferous species showed 
s ign i f ican t  increases i n  t o t a l  phosphorus from 1951 t o  1974. 

(v) In 1974, the mean t o t a l  calcium, magnesium, and phosphorus contents 
of the hardwood L and F/H layers  were s ign i f ican t ly  greater  than 
those of the conifers.  For t o t a l  potassium t h i s  difference was 
s ign i f ican t  only for  the l i t t e r s .  

(vi)  There was a s ign i f ican t  decrease i n  pH i n  the 0-5 cm s o i l  under 
a l l  species except Pinus nigra, and a t  5-10 cm under a l l  species 
except P. nigra and Abies grandis. In 1974, a t  a l l  depths, the mean 
pH of s o i l  under the hardwoods was s ign i f ican t ly  greater  than tha t  
under the conifers.  However, there  were not always s ign i f ican t  
differences between individual conifer and hardwood species. Also 
i n  1974, under a l l  species,  the difference i n  ac id i ty  between the 
upper and lower mineral s o i l s  was more pronounced than i n  1951. The 
smallest difference occurred under Castanea sat iva,  the greates t  under 
Picea abies. 

( v i i )  There were s ign i f ican t  decreases i n  t o t a l  nitrogen a t  0-5 cm under a l l  
species except Larix decidua and Picea abies, under a l l  species a t  
5-10 and 15-20 cm, and under some species a t  greater  depths. Only 
a t  5-10 cm was there a s ign i f ican t  difference between species i n  1974. 

( v i i i )  From 1951 t o  1974 there were s ign i f ican t  increases i n  extractable  
potassium under a l l  species a t  15-20 cm, and under Larix decidua, 
Picea abies,  Pinus nigra, and Quercus robur a t  25-30 cm and 45-50 cm. 
In  1974 there  was no difference between species a t  5-10 cm. A t  
0-5 cm there  was no difference i f  Q. robur was excluded, below 10 cm 
there was no difference i f  Pinus nigra was excluded. 

(1x1 There were s ign i f ican t  decreases i n  extractable calcium under a l l  
species a t  15-20 cm and under many species a t  other depths. Only a t  
65-70 cm was there a s ign i f ican t  difference between species i n  1974. 

(x) There were s ign i f ican t  decreases i n  extractable  magnesium under a l l  
species down t o  30 cm and under most species below 45 cm. 

(xi) A s  any e f f e c t  of species is l i ke ly  t o  be most pronounced a t  the 
surface,  the order of the species on the f i r s t  pr incipal  component 
ax is  a t  0-5 cm i n  1974 can be taken t o  indicate ,  i n  a general way, 
the r e l a t i v e  e f f ec t s  of the  species. 
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Table 1 Ovington's sites resampled i n  1974 a t  Abbotswood, Gloucestershire 
(Forest of Dean) 

Species 

Larix  decidua M i l l .  

Picea abies Karst 

Pinus nigra var &tim 
( A i t . )  Melv 

Abies grandis Lindley 

Fagus sylvatica L. 

Quercus robur L .  

Castanea sativa M i l l .  

Planted 



Table 2 .  Mlnima, maxima, means, standard deviations,  and coell i icients 
of var ia t ion of the variables f o r  the Abbotswood s o t l s  
(1951 plus 1974). I 

Min. Max. Mean S.D. C.Vr% 

PH 3.82 5.28 4.45 0.24 5 

I 
LO1 R, OD 1.00 10.00 3.88 

Total N % OD 0.01 0.28 0.10 0.07 ' 67 
2.08 

Extractable Na 0.20 2.00 0.83 0.34 41 

Extractable K 1.90 12.04 4.66 2.23 48 

Extractable Ca 1.00 Z3.10 5.90 4.74 80 

I 

Extractable Mg 0.50 10.50 2.95 2.31 78 

Extractable P 0.07 7.63 1.10 1 ..32 119 

Extractables a r e  given as  mg/100 g OD s o i l  



Table 3 Correlation half-matrix for  the  Abbotswood s o i l s  (1951 plus 1974) 

Total N % OD - .085 .931 *** 1 

Extractable Na -.426 *** .756 *** .708 *** 1 

I Extractable K .054 .483 *** .443 *** .305 ** 1 

I Extractable Ca - . O B I  . e l 9  *** .030 *** .714 *** .469 *** 1 

Extractable Mg .044 .787 *** .865 *** .628 *** .I85 .886 *** 1 

I Extractable P -.202 ** .019 - .071 . I38 -. 114 -. 001 .016 



Table 4 Elgenvalues of the correlation matrix of the Abbots+oOd 
s o i l  data (1951 plus 1974) I 

Component Eigenvalue Percentage of the var iab i l i ty  
Component COmulative 



Table 5 Eigenvectors of  the f i r s t  three components o f  the correlation 
matrix o f  the Abbotswood s o i l  data (1951 plus 1974) 

Variable Eigenvector for  component 
1 2 3 

pH 

LO1 % OD 

Total N % OD 

Extractable Na 

Extractable K 

Extractable Ca 

Extractable Mg 

Extractable P 

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



I Table 6 The order of the Abbotswood species p lo ts  on the  f i r s t  components a t  the d i f fe rent  depths, 1074 

0-5 cm 
High LOI, Mg, Ca 
- - N, p - - 

Low pH 

Picea abies 

k&x decidua 

Quercus robur 

Abies grrmdis 

5-10 cm 
High LOI, N,  N a ,  

. p  - 
Low pH 

.k&z decidua 

Picea abies 

&uercus robur 

Fagus syZvatica 

Abies grandis 

15-20 c m  
High LOI, Mg, P, 

a, 
Low pH 

Picea abies 

Fagus sy Zvatica 

Abies grandis 

Quermrs robur 

a6-ao cia 
High LOI, Na, P 

Low pH 

Picea u s e s  

Axes grandis 

=nu8 nigra 

Fagus 8yZvatica 

Zamamx decidua 

Castunea sativa 

46-60 u 
High Na, N, LO1 

L a  pH 

Picea abies 

L A  decidua 

Abies grandis 

Fagus syZvatica 

Pinus nigm 

Castanea sativa 

65-70 cm 
High LOI, N., K 

b r  ilg,+C- - PH 

Pinus nigra 

Fagus syltvatica 

Picea abies 

Quercus mbur 

Castanea sativa Castanea sativa Castanea sativa &usroue robur Quercus mbur Castanea sativa 

LOW M I ,  Mg, Ca Low M I ,  N ,  Na, Low L O I ,  Mg, P, Low LOI, Na, Low Na, N ,  LO1 Low LO1 , Na, K ,  
N P Ca, Mg, P Ca, Na P Ca, Mg, N 

High pH High pH High pH High pH High pH High pH 



../ 

Table 7 Data tor 0-5 cm soil under Picea abies and Pinus nigra at Abbotswood and Bedgebury, 1951 and 1974. 

P. abiee,  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. abies,  1974 
Abbotswood 3.82 10.00 0.21 1.5 6 .3  14.0 4.7 2.89 
Bedgebury 3.99 11.00 0.20 3 .2  5.6 13.7 0 .6  0.55 

P. abies,  change 
Abbotswood -0.34*** +2.5* +0.03 +0.10 +2.7* +4.4 -2.2** +l. 09* 
Bedgebury +0.05 +a.6** +O .02 +l. 30*** -0.6 -3.4 -5,3*** +O. 27*** 

P.  nigru, 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 2.6 12.7 53.4 9 .7  0.24 

P. nigra, 1974 
Abbotswood 4.05 7.50 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 -0.69 -0.05* -0.3 +1.0 -3.1 -5.7*** -0.39 
Bedgebury -0.19 +O. 06 -0.05 -0.6 -3.0* -37.5*** -6.7*** +O. 16* 



Table 8 The main changes i n  the Abbotswood p l o t s ,  1951 t o  1874. 

Layer Querrms robur Fagus sylvatica Abies g r a d i s  Castanea sat iva Pinus nigra Picea abies Larix decidua 

+pH K +pH t K  t K  +pH K 
45-50cm 

+Ca Mg SCa Mg tCa Mg +Na Ca Mg CCa Mg + M s  P 



Figure 1. pH at dif ferent  depths under d i f f erent  s p e c i e s  i n  1951 and 1974. 
Difrerences significant a t  p <0.05 are hatched. 



Figure 2 .  Changes i n  pH between 1951 and 1974 under different species 
(names abbreviated) a t  different depths, s ignif icant  a t  p <0.05 ----, 
p <0.01 -- , p <0.001- . The vert ical  l ine s  l ink species not 
s ignif icantly  different i n  1974 (Tukey's HSD p <0.05).  
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Flgure 19. Flrst ald secoad coryo!€lts ol th€ cortelatl,oD Detrlx lor the

3 dheaslotts supollnposed.
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Appeudlx 1

CheElcal Eethods

LOI % ODrt

Tota l  N % 0D

Total N

Totsl
niBera,ls

(a l l  saDples )

(L and F/H)

s o 1 1
19s1 ngl100 g
L97 4 % oD

(L ard F/E)
1951 ng,z100 g
t974 % oD

1951

2 hrs at SOOoC

Dlt to

P-MolybdetuD blue

Extracted fo!  2
hours wl  tb .  2 .5%
acet  ! ,c  ac1d,  25
par ts  to  1 par t
AD sol1 (2 nl[
6 t e v e ) .

NBI tl are
K ) pbotoloeter

Ca-EDTA wtth
nurexlde

Mg-Tlta! yellos

P-Molybdenun blue

KjeIdahl  wl th  CuSoo perox l  de lSulpbur l  c  ac ld
c a t a l y s t ,  f o l l o w e d -  d l g e s t l o n  D e t h o d .  c o l o r i _
b y  d l s t i t l a t l o n .  n e t r l c  d e t e l n h a ; l o n  y l t b

lDdophenol  b lue.

OD

OD

E:trsctables (sol I )
1951 a:rd 1924
ugl100 g OD

* 1951 oven dry = 80cC
19?4 ove! dry = IOEoC

N 1951 equlvalent
tr 19t1 equivsleEt

pE* 1951 equlraleD.t for Bedgebury sdd
lor Abbotstrood add
for West Tolts add

= 1.974 N x  0 .8E2

x  0 .707
x  1 .564

1974 N
1974 K

O.3 pE u l t ts
0,  49 pE u l l tg
0.  31 pB uaLta

+ pE col lect to t rs  M.  ADderson,  pers. .coaE.

by the Chenlcal S€rvr.cc
L[. Aadetsoa.

st

Co!!€ct1on tactors

L srd l',/S

so11

Tots l  N 1951 equlvElent

1974 cbeElcsl Elr's,lyses were perlolDed
L97 4 p\ Eeasurenelts vere supplled by

wlth lndopbelol blue.

Nitri.c/Perchlorlc,/ Pero:1de./sulphurlc acld
Sulphur le aeld d lgest  fo l loved by i
di.ges t 1on folloved
b y :
Ne)EEL f lane
K )  photometer l f r r .  

f f " r .  photonete!

ca-EDTA v i th  nurex ldelAtoElc absorpt lon wl th

l r lg-T l tan yel low J l 'anthalun 
to suppress

-  
)  ln ter terence

L97 4

2 hrs at  550oC

KJ€ldahl  wLth SgO cate lyst ,
colorlDetric dete!81t1at10!

Mo blue

As 1951 but for t hou!.

Flar!€ pbotoDeter

)Atollc absorptlon f,tth

)faatbanuE to supplesa
)  1ute! terence.

Mo blue

Mellerood.



Appeldlr 2

1974 dsta fo! L erd F/E 1ay€rs aDd soils.

The data are neans ot O proflles per plot,
5 L o! F/8 layers pe! plot,

but ther€ wele bot alvays
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