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1 INTRODUCTION 

Because the  United Kingdom imports about 9L?% of t h e  timber t h a t  it uses ,  
a  cons iderable  expansion of t h e  a f f o r e s t e d  a rea  appears t o  be i n e v i t a b l e  
(Centre f o r  Agr icu l tu ra l  S t r a t egy  1980). A s tudy of t h e  e f f e c t s  of t r e e  
spec ies  on s o i l s  is the re fo re  timely and of p r a c t i c a l  importance, because 
it is d e s i r a b l e  t o  be forewarned of changes l i k e l y  t o  r e s u l t  from t h e  
establ ishment  of t r e e s ,  s o  poss ib ly  be ing  able  t o  d i r e c t  those changes by 
s e l e c t i n g  the  most s u i t a b l e  t r e e  spec ies  f o r  conserving and improving 
s o i l  f e r t i l i t y ,  an aspect  of p a r t i c u l a r  importance t o  poor marginal land 
where most of t h e  expansion is l i k e l y  t o  occur. 

I n  1951, t o  gain an i n s i g h t  i n t o  the  e f f e c t s  o f  t r e e s  on s o i l s ,  
J. D. Ovington sampled s o i l s  i n  p l o t s  of coniferous and deciduous s p e c i e s  
on 5 sites. H i s  papers (Ovington 1953, 1954, 1955, 1956a, 1956b, 1958a, 
1958b) d id  not  p resen t  a  s t a t i s t i c a l  ana lys i s  of the  da ta .  I n  1974, p l o t s  
a t  Bedgebury, Abbotswood, and West Tof t s  which had not  been f e l l e d  and 
replanted  were resampled by ITE and Fores t ry  Commission s t a f f  t o  de f ine  
changes i n  s o i l  and l i t t e r  chemical p r o p e r t i e s  which might have occurred 
i n  the  in t e rven ing  per iod .  None of t h e  e x i s t i n g  p l o t s  had f e r t i l i z e r  
appl ied  e i t h e r  on p l a n t i n g  o r  subsequently,  and none has had he rb ic ide  
a p p l i c a t i o n s  a t  any s t a g e .  

The 3 s i t e s  which were resampled d i f f e r  i n  s o i l  parent  ma te r i a l  and i n  
t h e  spec ies  p lan ted .  The r e s u l t s  f o r  Pinus nigra a t  a l l  3 s i t e s  and f o r  
t h e  s p e c i e s  a t  Bedgebury and Abbotswood were given i n  Howard and Howard 
(1983 a ,  b  and c ) .  This  paper  p resen t s  the  r e s u l t s  f o r  spec ies  p l an ted  a t  
West Tof t s  (Norfolk).  

2 SITES AND SAMPLING PLOTS 

The West Tof t s  a r e a ,  a l t i t u d e  30-46 m ,  is f l a t ,  and t h e  s o i l ,  except f o r  
t h e  underlying chalky boulder  c l a y ,  i s  sandy throughout.  The lowermost 
l i g h t  yellow chalky c l a y ,  a t  an average depth of 70 cm, is compact and 
few r o o t s p e n e t r a t e  i t .  Ovington (1953) s t a t e d  t h a t ,  except f o r  t h e  
lowermost reddish  l a y e r ,  t h e  sandy s o i l  had no c lear ly-def ined  horizons,  bu t  
showed a gradual  change from greyish-brown above t o  a  yellowish-brown 
and f i n a l l y  a  yellow colour  below. Chalk p a r t i c l e s  and f l i n t s  were p resen t  
throughout the  p r o f i l e .  The pH var ied  with depth from 5 t o  8 .5 .  This  
a r e a  was formerly p a r t  of t h e  Breckland heath ;  it was ploughed and 
p lan ted  i n  1930. Ovington noted t h a t  oak regenera t ion  occurred i n  a l l  
t h e  p l o t s  except t h a t  p lanted  with Pseudotsuga menziesii . 
The tree s p e c i e s  and p l a n t i n g  yea r s  of t h e  resampled p l o t s  a r e  given in 
Table 1. F u l l  s o i l  p r o f i l e  desc r ip t ions  a r e  given i n  Ovington (1953). 
Within each p l o t ,  5  p r o f i l e s  were sampled. The sampling depths common t o  
both yea r s  f o r  the  s o i l  v a r i a b l e s  were 0-5, 5-10, 15-20, 25-30, 45-50 and 
65-70 cm. 



3 METHODS 
I 

3.1 Chemical analyses I ~ 
The analyses which were common t o  both t h e  1951 and 1974 samp ings  were 
L and F/H l aye r s :  loss-on-ignit ion,  t o t a l  n i t rogen ,  t o t a l  sod um, potasskum, 
calcium, magnesium, phosphorus. S o i l :  pH, loss-on-ignit ion,  o t a l  
d i t rogen ,  e x t r a c t a b l e  sodium, potassium, calcium, magnesium, hosphorus. 
There were some d i f fe rences  i n  t h e  chemical methods used i n  1 51  and 197 , 
which made i t  necessary t o  apply conversion f a c t o r s  t o  some o t h e  1974 
values t o  produce a 1951 equivalent  (Appendix 1 ) .  . 

I 

3.2 S t a t i s t i c a l  analyses 

Ovington's p l o t s  were no t  p a r t  of  a designed experiment, t h i s ' w a s  an 
oppor tun i s t i c  sampling of p l o t s  which had been p lanted  f o r  anbther  purporre. 
Each spec ies  occurred only once a t  each s i t e .  

Analysis of variance:  Ovington's papers d i d  not  give any i n d i c a t i o n  of t h e  
var iance  wi th in  p l o t s .  In  o rde r  t o  compare p l o t  ( i e  spec ies )  means between 
yea r s ,  w e  need an es t ima te  of t h e  wi th in-plo t  variance.  I n  t h e  present  
work, t h e  only course open t o  us was t o  assume t h a t  t h e  within-plot  
var iances  i n  Ovington's samplings were t h e  same a s  those i n  t h e  1974 samples, 
although t h i s  i s  n o t  a l t o g e t h e r  s a t i s f a c t o r y .  

To ob ta in  a pooled wi th in-plo ts  es t imate  of  t h e  var iance ,  w e  d i d  a one--way 
a n a l y s i s  of var iance  of t h e  1974 d a t a  f o r  each s o i l  depth (o r  L o r  F/H 
laye r )  and chemical element, sepa ra te ly .  If t h e r e  is heterogbneity of 
var iance  between p l o t s  ( B a r t l e t t ' s  t e s t ) ,  t h e  pooled within-pkots estimate 
of t h e  var iance  cannot be used t o  compare. between yea r s .  I n  such cases ,  
t ransformation may remove heterogenei ty .  In  cases  where tranbformation 
was n o t  e f f e c t i v e ,  t h e  means of individual  p l o t s  i n  1951 and L974 were 
compared us ing F i s h e r ' s  randomization test. 

mere heterogenei ty  did no t  occur o r  was removed by transformbtion,  comparisons 
were made between t h e  p l o t  ( species)  means f o r  t h e  1951 and 1b74 s a r p l i n g s  
using Tukey's hones t ly  s i g n i f i c a n t  d i f f e rence .  That test was l s o  used to 
look f o r  d i f f e rences  among p l o t  ( species)  means i n  1974. For t h e  L and F A  
l a y e r s ,  on t h e  1974 sampling; t h e r e  were no t  always 5 r e p l i c a  1 es per  p l o t ,  
and s o  Dunnett 's  (1980) modificat ion f o r  unequal sample s i z e s  was used. 
ScheffB's (1953) method was used t o  t e s t  f o r  d i f f e r e n c e s  between means iior 
broadleaves and c o n i f e r s  i n  1974. 

I 

P r i n c i p a l  component analys is :  A p r i n c i p a l  component a n a l y s i s  
on t h e  c o r r e l a t i o n  matrix of t h e  d a t a  f o r  the  7 chemical v a r i  
of p l o t s )  f o r  both  years  f o r  t h e  L and F/H l a y e r s  together .  
ana lys i s  was c a r r i e d  out  on t h e  8 chemical va r i ab les  (means o 
both yea r s  f o r  a l l  t h e  s o i l  l a y e r s  common t o  both samplings. 
analyses  was c a r r i e d  out  on t h e  1974 d a t a  a lone ,  
sepa ra te ly .  Components with eigenvalues g r e a t e r  than un i ty  
as being of p r a c t i c a l  importanoe. Eigenvector elements 
than,  0.75 times t h e  l a r g e s t  value (absolute)  
con t r ibu ted  most t o  the  components. In each 
of t h e  Pythagorean d i s t ances  was computed from t h e  componentsl considered 
t o  be of p r a c t i c a l  importance. 



4 RESULTS 

Two complementary types of f i g u r e  a r e  used t o  present  t h e  r e s u l t s .  One 
type i l l u s t r a t e s  the  change of each v a r i a b l e  with depth and t h e  depths a t  
which d i f f e r e n c e s  between years  a r e  s i g n i f i c a n t .  In t h e  second type ,  
f o r  each s o i l  depth,  t he  mean values of t h e  p l o t s  ( species)  a r e  ordered on 
a s i n g l e  a x i s  f o r  each year .  The second type i l l u s t r a t e s  more c l e a r l y  
than t h e  first type the  magnitudes of the  d i f f e rences  between yea r s ,  t h e  
r e l a t i v e  values of the  spec ies  i n  e i t h e r  yea r ,  and t h e  s i g n f i c a n t  
d i f f e r e n c e s ,  o r  l ack  of d i f f e r e n c e s ,  between spec ies  i n  1974. 

4.1 L and F/H l a y e r s ,  a n a l y s i s  of var iance  

pH: Not measured on L and F/H i n  1974 

Loss-on-ignition: Pinus n igm l i t t e r  had t h e  g r e a t e s t  loss-on-ignit ion 
(lowest ash content )  i n  both 1951 and 1974 (Figure 4) .  AZnus incam l i t t e r  
showed a s i g n i f i c a n t  decrease i n  loss-on-ignit ion from 1951 t o  1974, and 
had t h e  lowest value ( g r e a t e s t  ash content )  i n  1974. Or ig ina l  manuscript 
t a b l e s  a t  Merlewood gave a d i f f e r e n t  loss-on-ignit ion of t h e  F/H l a y e r  under 
A. im%m from t h a t  published (Ovington 1954). The o r i g i n a l  value (92.64%) 
is used here.  The A. i n ~ a m  F/H l a y e r  had t h e  g r e a t e s t  loss-on-ignit ion 
i n  1951, but  i t  decreased s i g n i f i c a n t l y  t o  become the  second lowest i n  1974. 
The F/H l a y e r  under L d x  zeptozepis had the  g r e a t e s t  loss-on- igni t ion  i n  
1974, al though i n  t h a t  yea r  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 
spec ies .  I n  1974, the  lowest F/H l a y e r  loss-on-ignit ion was under Betula 
alba, which showed a s i g n i f i c a n t  decrease from 1951. 

Nitrogen ( t o t a l ) :  I n  1951 and 1974, i n  both L and F/H l a y e r s ,  Pinus nigra 
had t h e  sma l l e s t  t o t a l  n i t rogen content  and AZnus incana t h e  l a r g e s t  (Figure 6 ) .  
The ranges  were s i m i l a r  i n  both yea r s  bu t  t h e  maximum and minimum values  
were g r e a t e r  i n  1974. I n  1974, t h e  mean t o t a l  n i t rogen  content  o f  the  
hardwood litters w a s  s i g n i f i c a n t l y  (p < 0.001) g r e a t e r  than t h a t  of the  
coni ferous  l i t t e r s .  However, t ak ing  t h e  spec ies  ind iv idua l ly  t h e r e  were 
s i g n i f i c a n t  d i f f e r e n c e s  i n  L l a y e r  t o t a l  n i t rogen  between a l l  s p e c i e s  except  
Pseudotsuga menziesii and BetuZa alba , while i n  the  F/H l a y e r  i t  was 
s i g n i f i c a n t l y  g r e a t e r  under AZnus incana than under a l l  t h e  o t h e r  spec ies  
except L d x  zeptozepis. Between 1951 and 1974 t h e r e  were s i g n i f i c a n t  
inc reases  under a l l  spec ies  i n  the  L l a y e r ,  and under a l l  spec ies  except 
BetuZa aZba i n  t h e  F/H l a y e r .  

Sodium ( t o t a l ) :  I n  1951, the  L l a y e r s  under Pinus nigra and Larix zeptotepis 
had t h e  lowest t o t a l  sodium content .  Under Pseudotsuga menziesii, both 
t h e  L and F/H l a y e r s  had t h e  g r e a t e s t  t o t a l  sodium content  i n  both 1951 
and 1974 (Figure  8).  In 1974, t h e  P. menziesii L l a y e r  had a s i g n i f i c a n t l y  
g r e a t e r  t o t a l  sodium content  than t h a t  under any spec ies  except  L.  ZeptOlepis. 
AZnus incana had t h e  sma l l e s t  t o t a l  sodium content  i n  t h e  L l a y e r  i n  1974, 
and i n  t h e  F/H l a y e r  i n  both yea r s .  In 1974, t h e  mean e x t r a c t a b l e  sodium 
content  of t h e  F/H l a y e r s  under the  hardwood species  was s i g n i f i c a n t l y  
(p < 0.01) lower than t h a t  under t h e  coni ferous  spec ies .  However, t ak ing  
the  s p e c i e s  i n d i v i d u a l l y ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  
3 coni ferous  s p e c i e s ,  o r  between BetuZa alba, Larix Zeptolepis and, P. n i p ,  
o r  between L. zeptolepis, B. alba, and A. incanu. There was no s i g n i f i c a n t  
d i f f e r e n c e  between years  i n  the  L l a y e r s .  I n  t h e  F/H l a y e r s ,  t h e r e  were 
s i g n i f i c a n t  decreases  under P. nigra and B. alba. 



Potassium ( t o t a l ) :  BetuZa atba L and F/H layers  had the grea tes t  t o t a l  
potassium content i n  1951 and 1974 (Figure 10). In 1974, t he  t o t a l  
potassium content of t he  L layer  under B .  atba was s ign i f icad t ly  grea te r  
than t h a t  under a l l  t he  other species except Pseudotsuga menz?iesii, and i n  
the  F/H layer  under B .  dZba it was s ign i i i can t ly  grea te r  t h q  tha t  under a l l  
the  other  species.  There were s ign i f ican t  decreases between 1951  and 1974 
i n  t he  L layers  under B .  aZba and Azms incana, but no s ign i f ican t  changes 
were found i n  the  F/E layers .  In  t he  L layers  the  range of t o t a l  potaseium 
values was smaller i n  1974 than i n  1951. I 

Calcium ( t o t a l ) :  In the L layer ,  Betuk aZba and AZnus inc 
s ign i f ican t ly  greater  t o t a l  calcium contents than the con1 
i n  both years (Figure 12) but there  were s ign i f ican t  d i f f e  
coniferous l i t t e r s .  In the  F/H layer ,  B. aZba had the  gre  
calcium content i n  both years,  and i n  1974 it was s i g n i f i c  
than tha t  of any other species except A .  incana. There we 
differences between the individual hardwood o r  coniferous 
A. im- F/H layer  was not s ign i f ican t ly  d i f fe ren t  from t 
menziesii and Idmix teptotepis .  Between 1951 and 1974 the  
decreases i n  t o t a l  calcium i n  t he  L layers  under B .  atba, A .  'incana, an# 
Pims nigra. In the F/H layers  there  were s ign i f ican t  decregses under 911 
species except Lar* Zeptotepis. 

Magnesium ( t o t a l ) :  L and F/H layers  under Betula atba had thk grea tes t  t o t a l  
magnesium contents i n  both years,  the  content in  the  F/H layer  i n  1974 
being s ign i f ican t ly  greater  than those under a l l  o ther  species (Figure 14). 
k r i x  Zeptotepis and Pims nigra had the smallest t o t a l  magnksium contents 
i n  t he  L layers  i n  both years, and i n  the  F/H layer  i n  1974. L.  t e p t o t q i s  
a l so  had the  lowest content i n  t he  F/H layer  i n  1951. In  1974 the  mean 
t o t a l  magnesium contents of the  L and F/H layers  under t he  hbdwood species 
was s ign i f ican t ly  (p < 0.01) grea te r  than tha t  under t he  coniferous species. 
However, taking the  species individually,  B. atba l i t t e r  wasnot  s ign i f i can t ly  
d i f fe ren t  from tha t  of Pseudotsuga menziesii, and there  wereno s ign i f ican t  
dif ferences  between A2mts incam and the 3 coniferous specie*. B .  atba 
F/H layer  was s ign i f ican t ly  greater  than t h a t  of any other  species,  and there  
were no s ign i f ican t  differences among the remaining spec ies . ,  There were 
s ign i f ican t  decreases between years i n  t he  L layers  under B .  IaZba, A .  ifccana, 
and P. nigra, but there  were no s ign i f ican t  differences i n  t$e F/H layers .  
The L layers  showed a narrowing i n  t he  range of t o t a l  magnesium values from 
1951 t o  1974. 

Phosphorus ( t o t a l ) :  L and F/H layers  under BetuZa a2ba had 
t o t a l  phosphorus contents i n  both years,  and those under 
t he  lowest (Figure 16). In 1974, the  mean t o t a l  phospho 
hardwood l i t t e r s  was s ign i f ican t ly  (p < 0.01) greater  t h  
coniferous l i t t e r s .  However, taking the species ind iv i  
no s ign i f i can t  differences between the L layers  of t he  
Pseudotsuga menziesii, o r  between Ahua incam and L. 2 
L. teptotepis and P .  nigra. In the F/H layers  t he  coni 
s ign i f ican t ly  d i f fe ren t  from each other o r  from A .  i 
s ign i f ican t  dif ference between the 2 hardwood species and P .  rnenaiesii.md 
L. teptotepis .  Only B .  aZba and P .  nigra differed significluhtly. The bnly 
s ign i f ican t  difference between years was a decrease i n  t o t a l  phosphorus i n  
l i t t e r  of B. aZba. 



4.2 So i l s ,  analysis of variance 

pH; The means are  shown plot ted against depth i n  Figure 1. In Figure 2, 
for  each s o i l  l ayer ,  the mean values of the  p lo t s  (species) are ordered 
on a s ing le  axis  f o r  each year. In 1974, s o i l  under Alnus incana was the 
most acid a t  a l l  depths except 65-70 cm, whereas s o i l  under Pinus nigra 
was the l e a s t  acid a t  a l l  depths except 0-5 cm. Between 1951 and 1974 
there was a s ign i f ican t  decrease i n  pH i n  s o i l  above 20 cm depth under 
A.  incana, and an increase a t  a l l  depths below 25 cm under P. nigra. 
There was a s ign i f ican t  increase a t  65-70 cm depth under a l l  species ,  and 
a t  45-50 cm under a l l  species except A .  incana. 

Loss-on-ignition: The means are  shown plot ted against depth i n  Figure 3. 
In Figure 4, fo r  each s o i l  l ayer ,  the mean values of the p lo t s  (species) 
a r e  ordered on a s ing le  axis  fo r  each year. Soi l  a t  0-5 cm and 5-10 cm 
depth under Alnus incana had the greates t  loss-on-ignition i n  both years. 
In 1974, s o i l  under Pinus had the lowest loss-on-ignition a t  a l l  depths 
down to  30 cm. A t  0-5 cm the mean loss-on-ignition under the hardwood 
species was s ign i f ican t ly  (p < 0.001) greater  than tha t  under the coniferous 
species.  However, taking the species individually there was no s ign i f ican t  
difference between species i f  A.  incana was removed (Figure 4) .  Between 
1951 and 1974 there were s ign i f ican t  decreases i n  loss-on-ignition a t  5-10 cm, 
15-20 cm, and 25-30 cm depth under P. nigra and Larix leptolepis. 

Nitrogen ( tokal) :  The means are  shown p lo t ted  against depth i n  Figure 5.  
In  Figure 6,  fo r  each s o i l  l ayer ,  the mean values of the  p lo t s  (species) 
a r e  ordered on a s ing le  axis  f o r  each year. In both 1951 and 1974, s o i l  
under AZms incana had the grea tes t  t o t a l  nitrogen content a t  0-5 cm and 
5-10 cm, and i n  1974 a t  0-5 cm i t  was s ign i f ican t ly  grea te r  than under any 
other  species.  A t  0-5 cm and 5-10 cm the mean t o t a l  nitrogen content was 
s ign i f ican t ly  (p < 0.001) greater  underthe hardwood species than under the  
coniferous species.  However, taking the species individually there was no 
s ign i f ican t  difference a t  0-5 cm i f  A.  incana was removed, and a t  5-10 cm 
BetuZa aZba was not s ign i f ican t ly  d i f fe ren t  from Pseudotsuga menziesii 
(Figure 6 ) .  By contras t  with Bedgebury and Abbotswood (Howard & Howard 
1984b, c)  there  were few s t a t i s t i c a l l y  s ign i f ican t  changes from 1951 to  1974, 
and they were small and occurred only a t  one o r  two depths fo r  each species.  
The only s ign i f ican t  change a t  0-5 cm was a small increase under A.  inCaYIa. 

Sodium (extractable) :  The means are  shown plot ted against  depth i n  Figure 7. 
In  Figure 8, f o r  each s o i l  l ayer ,  the mean values for  the p lo t s  (species) 
a r e  ordered on a s ing le  axis  for  each year. In 1974, there  was one 
rep l ica te  with a very high leve l  of extractable  sodium a t  45-50 cm and 
65-70 cm under both Atnus incana and Larix zeptozepis. However, the mean 
values f o r  those s o i l s  were not s ign i f ican t ly  d i f fe ren t  from the mean 
values a t  the same depths under the other species.  The only s ign i f i can t  
differences between species i n  1974 occurred a t  5-10 cm, 15-20 cm, and 
25-30 cm. There was a s ign i f ican t  decrease i n  extractable  sodium a t  5-10 cm, 
15-20 cm, and 25-30 cm under Pinus nigra, a t  3-10 cm and 25-30 cm under 
L u ~ ~ x  Zeptozepis, and a t  0-5 cm and 5-10 cm under A.  incana. 

Potassium (extractable) :  The means a r e  shown plot ted against  depth i n  
Figure 9.  In Figure 10, f o r  each s o i l  layer ,  the mean values f o r  the p l o t s  
(species) are  ordered on a s ing le  axis f o r  each year. There were no 
s ign i f ican t  differences between species a t  any depth i n  1974, but s o i l  
under BetuZa aZba had the grea tes t ,  and under Pinus n i p  the smal les t ,  
content of extractable  potassium down t o  20 cm depth. There were only 2 
s t a t i s t i c a l l y  s ign i f i can t  changes, an inceease under B. aZba a t  25-30 cm 
and an increase under Alnus incana a t  45-50 cm. 



Calcium (extractable):  The means are  shown plot ted against  deeth i n  
Figure 11. I n  Figure 12, f o r  each s o i l  layer ,  the  mean value$ of the  p lo t s  
(species) a r e  ordered on a s ing le  axis  f o r  each year. In  1974, there  w a s  
one r ep l i ca t e  with a very high leve l  of extractable  calcium a t  45-50 cm 
and one a t  65-70 cm under both AZnus incana and L d z  t e p t o t e i i s ,  but the  
only s ign i f i can t  difference between species i n  1974 was betwefen Pinus n i p  
and A .  i m a m  a t  5-10 cm depth. There were s ign i f ican t  decre s e  a t  
0-5 cm under L. teptotepis and A .  i n c m ,  and a t  5-10 cm, 15- t 0 cm, and 
25-30 cm under P. nigra, and a s ign i f ican t  increase a t  45-50 4 m  under 
A .  incam. i 
Magnesium (extractable) :  The means are  
Sigure 13. In Figure 14, fo r  each s o i l  layer ,  the mean value 
(species) are  ordered on a s ing le  axis  
dne rep l ica te  with a very high leve l  of 
dnd one a t  65-70 cm under both AZnua incana and 
the mean extractable  magnesium content 
s ign i f ican t ly  (p < 0.01) greater  under the 

and a t  25-30 cm under a l l  species except B .  atha. 

coniferous species.  However, taking the species individual ly  there was no 
s ign i f i can t  difference i f  B e h k  alba was removed (Figure l 4 ) t  There welre 
s ign i f ican t  decreasesat 0-5 cm, 5-10 cm, and 15-20 cm, under b l l  5 speciles, 

Phosphorus (extractable) :  The means a r e  shown plot ted against  depth i n  
Figure 15. In  Figure 16, for  each s o i l  layer ,  the  mean value@ of the p l o t s  
(species) a r e  ordered on a s ing le  axis  f o r  each year. There bere no 
differences  between species below 15 cm. A t  0-5 cm there  was no difference 
between species i f  Pinus nigra was removed, and a t  5-10 cm there  was no 
d i f f r rence  if Atnus i m a m  was removed (Figure 16). From 195h t o  1974 there  
was a s ign i f ican t  increase a t  0-5 cm under Pseudotsuga menzieirii, and there  
were s ign i f i can t  decreases a t  15-20 cm under P .  n i p  and L& teptotepis .  

4.3 LandFAi layers ,  pr incipal  component analysis ,  1951 and 11974 data  
combined 

I 
A s  a t  Bedgebury and Abbotswood (Howard & Howard 1984b, c )  , lobs-on-ignition 
has the lowest coef f ic ien t  of var ia t ion,  here 17%. Potass i  
var ia t ion (CV 84%). A s  a t  Abbotswood, t o t a l  potassium, 
and phosphorus are  a l l  posi t ively intercorrela ted (p < 
the  Abbotswood data ,  there  were no other s ign i f ican t  

The f i r s t  3 eigenvalues of the  cor re la t ion  matrix are  l i ke ly  o be of 
p rac t ica l  importance, together they account for  86% of the  t o  a1  varian e .  
The f i r s t  component, accounting f o r  50% of the t o t a l  variance is, l i k e  hat  
of the Abbotswood samples, dominated by t o t a l  potassium, magn slum, c a l  i u m ,  i i and phosphorus. The second component, accounting for  1% of he t o t a l  
variance, is dominated by t o t a l  sodium, which accounts fo r  a l b s t  60% od the 
variance i n  tha t  component (cf Abbotswood). The th i rd  componbnt, accoudting 
fo r  16% of the t o t a l  variance, is dominated by t o t a l  nitrogen1, which acdounts 
for  about 6% of the  variance i n  tha t  component. The f i r s t  ahd second 
components a r e  p lo t ted  i n  Figure 17. 

4.4 L and F D  layers ,  pr incipal  component analysis ,  1974 datin only 

A s  i n  the  Bedgebury and Abbotswood L layers ,  loss-on-ignitiom had a very 
low coef f ic ien t  of var ia t ion (5%). The coef f ic ien ts  of var idt ion of t he  
other var iables  range from 28% f o r  t o t a l  phosphorus t o  5% fdr t o t a l  calcium. 
Unlike Bedgebury and Abbotswood, there  a r e  no s ign i f i can t  codrelations.  



Only the f i r s t  3 components are  of p rac t ica l  importance, together they 
account fo r  96% of the t o t a l  variance. The 3 zero eigenvalues a r e  due 
t o  the f ac t  tha t  there  are  only 5 s e t s  (species) but 7 variables.  The 
f i r s t  component, accounting fo r  57% of the t o t a l  variance, i s  dominated 
by t o t a l  magnesium, calcium, phosphorus, and nitrogen. The second 
component, which accounts fo r  almost 23% of the t o t a l  variance, is ch ie f ly  
due t o  a combination of t o t a l  sodium and loss-on-ignition. The t h i r d  
component, accounting fo r  17% of the t o t a l  variance, is mainly due t o  a 
contras t  between t o t a l  sodium and t o t a l  potassium. The f i r s t  and second 
component values a r e  p lo t ted  i n  Figure 18, with the minimum spanning t r e e  
i n  3 dimensions superimposed. 

In the F/li layers ,as  i n  the L l ayers ,  loss-on-ignition has the smallest 
coef f ic ien t  of var ia t ion ,  but here it is la rger  (16%). Total calcium has 
the grea tes t  coef f ic ien t  of var ia t ion (50%). 

Total phosphorus is s ign i f ican t ly  correla ted with t o t a l  magnesium ( r  = 0.948) 
and t o t a l  potassium ( r  = 0.8851, and t o t a l  magnesium is s ign i f ican t ly  
correla ted with t o t a l  potassium ( r  = 0.934) (cf Abbotswood, Howard & 
Howard 1 9 8 4 ~ ) .  

Only the f i r s t  2 eigenvalues are of p rac t ica l  importance, together they 
account fo r  91% of the t o t a l  variance. A s  with the L layer  da ta ,  there  
a r e  3 zero eigenvalues due t o  there being 7 variables but only 5 data  s e t s .  
The first component, accounting for  668 of the t o t a l  variance, is ch ie f ly  
a contras t  between t o t a l  magnesium, calcium, phosphorus, and potassium 
on the one hand, and loss-on-ignition on the other .  The second component, 
which accounts fo r  25% of the  t o t a l  variance, is due ch ie f ly  t o  t o t a l  
nitrogen, which accounts fo r  5% of the variance i n  t h a t  component. The 
first and second component values a r e  plot ted i n  Figure 19. 

4.5 So i l s ,  pr incipal  component analysis  

The means, standard deviations,  and coef f ic ien ts  of var ia t ion of the  
variables fo r  the s o i l s  are  given i n  Table 2. A s  a t  Bedgebury and Abbotswood, 
pH showed l e a s t  va r i ab i l i t y  (CV 14%). However, unlike those 2 s i t e s ,  
extractable  phosphorus does not show greates t  var ia t ion (here CV 33%), t ha t  
i s  s h o w  by extractable  calcium (CV 205%). Total nitrogen is also very 
variable (CV 104%). 

The cor re la t ion  half-matrix is given i n  Table 3. The pat tern of s ign i f ican t  
cor re la t ions  is not s imilar  t o  those a t  Bedgebury and Abbotswood. 

The first  2, possibly 3, eigenvalues of the correla t ion matrix may be 
considered t o  be of p rac t ica l  importance, the f i r s t  2 account for  74% of the 
t o t a l  variance, the  f i r s t  3 account f o r  83% (Table 4 ) .  The f i r s t  component, 
accounting for  44% of the  t o t a l  variance, i e  essen t ia l ly  a contras t  
between pH on the one hand, and t o t a l  nitrogen, loss-on-ignition and 
extractable  potassium on the other (Table 5) .  The second component, 
accounting fo r  30% of the t o t a l  variance, gives large pos i t ive  weightings 
t o  extractable  calcium, sodium, and magnesium. The th i rd  component, 
accounting f o r  9% of the t o t a l  variance, is dominated by extractable  
phosphorus, which accounts for  about 77% of the variance i n  t ha t  component. 

The f i r s t  and second components are  p lo t ted  i n  Figure! 20. The posi t ions  
of the points on the f i r s t  axis  a r e  due ch ie f ly  t o  horizon and species,  
and there  a r e  no la rge  changes with time. The lowest f i r s t  component 
values a r e  for  AZnus incana 0-5 cm (1951 and 19741, and for  a l l  s o i l  depths 



t h i s  species has low component values r e l a t i v e  t o  those of o ther  species 
a t  the same depth. There is a decrease i n  second component vaaue f o r  
a l l  species i n  the  upper s o i l  layers ,  but A. incam and l h d x  ceptolepis 
show la rge  increases f o r  45-50 am and 65-70 depths. L. t ep to tep is  showed 
a decrease i n  t h i r d  component value for  a l l  depths, the  largesit decrease 
being f o r  65-70 cm depth. Most other  species showed increases  i n  t h i rd  
component values with time. 

For the  1974 data  only, the order of the  species p lo t s  on the b i r s t  
components a t  the d i f fe ren t  depths are given i n  Table 6. The kariables 

no var iable  is consis tent ly  important a t  a l l  depths. A t  one 

Nbtably, a t  Bedgebury t o t a l  nitrogen and extractable  

contantly important a t  a l l  depths. 
I 

I The f i r s t  and second component values of the 1974 0-5 cm s o i l  / layer  data 1 

are  p lo t ted  i n  Figure 21. The f i r s t  ax is  accounts f o r  5% of 'the t o t a l  
var ia t ion,  and the order of the species p lo t s  on i t  summarized t h e i r  
r e l a t i v e  posi t ions  i n  a general way, although the second axis ,  which 
accounts f o r  a fur ther  40% of the var ia t ion,  reveals dif feredces  between 
AZnus incana and BetuZa atba and the remaining species associalted with 
high loss-on-ignition, t o t a l  nitrogen, and extractable  potassiium i n  the 
former. 

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. I n  1951, 
the p~ range a t  0-5 cm was 5.05 (Pseudotsuga menziesii) t o  6.48 (Larix 
Zeptozepis). By 1974, the  pH under L. Zeptolepis had decreasdd (s ignif ibant ly)  
t o  4.89, while tha t  under P. menziesii had not changed s ign i f  
There were s ign i f ican t  decreases i n  pH under AZnus i n c a m  a t  
5-10 cm, 10-15 cm, and 15-20 cm, and the range a t  0-5 cm i n  1 
4.23 (A. incam)  t o  6.08 (BetuZa a lba ) .  Franklin e t  az. (196 
tha t  s o i l  calcium and magnesium were lower under Atnus mcbm 
P. mensiesii, and a t t r i bu t ed  t h i s  t o  greater  leaching losses  
associated with f ixa t ion  of nitrogen and production of n i t r a t  
and Major (1955) commented on the remarkable acidifying e f fec  
crispa on morainic debris.  The pH of the uppermost (0-5 cm) horizods 
f e l l  from 8.0 o r  more t o  5.0 within 35 t o  50 years,  and 
calcium carbonate was rapid.  Bormann ~d De Bell  (1981) 
mineral s o i l  t o  be lower under red a lder  (A. d m )  than undel, P. menziesii. 

I n  1974, a l l  p l o t s  showed increased ac id i ty  of the  0-15 cm mideral s o i l  
compared with t h a t  below 30 cm, and t h i s  e f f e c t  was more pronounced than 
i n  1951 (Ovington 1953). Betula aZba showed the smallest  pH difference 
(1.23 uni ts)  and A. i ncam the l a rges t  (2.69 uni ts)  between t&e upper and 
lower s o i l s .  The cen t ra l  zone of maximum pH found i n  1951 was not  present 
i n  1974, due t o  increases i n  pH below 30 cn. 



Loss-on-ignition was greates t  under A. incam i n  both years a t  0-5 cm 
and 5-10 cm. I t  appears tha t  organic matter tends to  accumulate under 
A t n u s  species.  I n  a study of mixed hardwood s i t e s  i n  Poland, Karkanis 
(1975) found tha t  the organic matter content was greates t  under A.  gtutinosa.  
Bormann and De Bell  (1981) found tha t  under A.  rubra the organic matter 
content of the mineral s o i l  was 20% greater ,  and the pH and bulk density 
much lower, than beneath adjacent P. menziesii stands. Franklin e t  a t .  
(1968) found tha t  A11 horizons of 40-year-old Red alder (A. rubra) stands 
averaged one th i rd  greater organic matter content than those under 
P. menziesii, presumably because of greater  acidi ty  under A .  rubra as  a 
r e su l t  of nitrogen f ixa t ion  and n i t r i f i c a t i o n .  

In  both 1951 and 1974, A.  imam had the la rges t  t o t a l  nitrogen content 
i n  both L and F/H layers .  Bollen and Lu (1968) found tha t  n i t r i f i c a t i o n  
was especial ly  rapid i n  the F layer  beneath A.  rubra despi te  a very low pH. 
In  1951, a t  0-5 cm, the range of t o t a l  nitrogen contents was 0.03 
(Pseudotsuga menziesii) to  0.12 (A. i m a m ) ,  the l a t t e r  showing a s ign i f ican t  
increase t o  0.16 i n  1974. In 1951, a t  5-10 cm, the range was 0.02 
(BetuZa a tba)  t o  0.05 (A. incana).  Because of the a b i l i t y  of Atnus species 
t o  f i x  atmospheric nitrogen, s o i l s  under them usually have high nitrogen 
contents.  For example, Franklin e t  at. (1968) found tha t  t o t a l  nitrogen 
content was one-third greater i n  the A11 horizon under 40-year-old A. rubra 
stands than under a coniferous stand of mainly P. menziesii (see a l so  
Cole & Johnson 1981). From 1951 t o  1974 a t  5-10 cm there  were s ign i f i can t  
increases under P. menziesii and B. a lba.  There was a s ign i f ican t  decrease 
under Pinus n i g m  a t  15-20 cm, and under A. incana a t  25-30 cm. In  general, 
the  changes i n  t o t a l  nitrogen were not as  large as those a t  Bedgebury and 
Abbotswood. 

Karkanis (1975) found tha t  s o i l  potassium content increased under Atnus 
gtutinosa.  Here, under A. incam, there was a s ign i f ican t  increase from 
1951 t o  1974 only a t  45-50 cm. By contras t  with Bedgebury and Abbotswood, 
there  were very few increases i n  extractable  potassium between 15 cm and 
50 cm only under B. a tba a t  25-30 cm and A. incam a t  45-50 cm. 

In  1951 a t  0-5 cm, the range of extractable  calcium contents was 26.1 
(Pseudotsuga menziesii) to  81.8 (Atnus i m a m ) ,  and s o i l  under P. menziesii 
had the lowest extractable  calcium content down to  30 cm depth. The high 
value fo r  s o i l  under A. i ncam a t  0-5 cm i n  1951 does not agree with the 
propensity of t h a t  species,  noted above, t o  encourage ac id i f ica t ion  and 
leaching. However, i t  may be re la ted  t o  within-plot var ia t ion and the 
presence of the underlying chalky boulder clay.  From 1951 t o  1974, the 
only s ign i f i can t  changes a t  0-5 cm were losses under A. incam and 
L ,  Zeptolepis. 

In  1951, a t  5-10 cm, the range of extractable  calcium values was 40.4 
(Pseudotsuga menziesii) t o  286.8 (Pinus n i p j ;  Soil under k v i x  teptotepis  
a l so  had a la rge  extractable  calcium content (159.6). The only s ign i f ican t  
change by 1974 was a decrease under P. n i p .  A t  15-20 cm, the 1951 
range was l a rge r ,  117 (P. menziesii) t o  588.7 (P. n i g m ) ,  with s o i l  under 
most species having qu i t e  large values (BetuZa atba 166.5, Atnus incmra 
173.8, L. teptotepis  478.4). Again, the only s ign i f ican t  change by 1974 was 
a decrease under P. nigra. A t  25-30 cm i n  1951, the range was smaller,  
78.5 (P. menziesii) t o  377.7 (P. n ig ra ) ,  and again there  was a s ign i f ican t  
decrease under P. nigm. 



I 

The la rge  extractable  calcium values i n  1974 under Lariz teptOtepis and 
A .  imana a t  45-50 cm and 65-70 cm suggest t ha t  i n  those plotb the chal* 
boulder c lay came c loser  t o  the  surface than i n  the  other  p l o t s ,  and 
probably also than i n  the  same p lo t s  i n  the  1951 samples, so  gensible 
comparisons cannot be made a t  those depths. 

So i l  under a l l  species showed s ign i f ican t  losses  of extractabhe magnesium 
a t  0-5 cm, 5-10 cm, and 15-20 cm, and under a l l  except Betukz alba a t  
25-30 cm. In  1951, the  range of extractable  magnesium contedts a t  0-5 om 
was 4.0 (Pinus nigra) t o  9.6 (Larix teptotepis)  . In  1974, t W  range was 
0.58 (P. nigra) t o  2.56 ( B .  a lba) .  The smallest decrease occkrred under 
P .  nigm and the l a rges t  under L .  teptotepis.  In 1951, a t  5410 cm, the 
range was 2.8 (P. nigm) t o  4.5 ( L .  teptotepis)  , i n  1974 the range was 
0.86 ( A .  incam) t o  1.68 (Pseudotsuga menziesii) .  The small 
was under P. n i p  and the la rges t  under L .  teptotepis.  A t  
1951, the range was 2.4 (B .  alba) t o  4.0 ( L .  Zeptolepis) . I 
!range was 1.22 ( B .  aZba and P .  nigra) t o  1.98 ( L .  
l o s s  occurred under B. atba and the l a rges t  under 
L .  Zeptotepis. 

In  1951, a t  0-5 cm, the range of extractable  phosphorus contdnts was 1. 5 
(Pseudotsuga menziesii) t o  2.94 (Larix tep to lepis ) .  The onld s i g n i f i c  t 
change was a gain under P .  menziesii. A t  5-10 cm, the range iwas 1.32 

4 
(Atnus incana) t o  3.37 (Pinus nigra) . There were no s ignif idant  changes 
a t  t h i s  depth. A t  15-20 cm, the 1951 range was 2.35 ( P .  menaiesii) t o  
4.09 ( P .  nigra) ,  and there  were s ign i f i can t  decreases under p. nigra and 
L .  leptolepis .  

A s  the  f i r s t  component is the axis  of maximum varia t ion,  the  species p l o t s  
a r e  arranged i n  t he  order of t h e i r  f i r s t  component values a t  the  d i f fe ren t  
depths i n  Table 6. The direct ions  of the f i r s t  component axes a r e  
influenced by high o r  low values for  the  l i s t e d  var iables ,  b$t these a r e  
trends only and not a l l  w i l l  be expressed i n  any one 
of the orders of the species p l o t s  a t  the  various depths helpful  as  
they have d i f f e r en t  important var iables ,  and they a r e  not 
those a t  Bedgebury and Abbotswood. 

Taking the r e s u l t s  of the pr incipal  component analyses and t e analysis of 
variance together, the main changes a t  West Tofts from 1951 o 1974 a re  
summarized i n  Table 8. I t  i s  d i f f i c u l t  t o  put the species i order of he 
in tens i ty  of leaching of the s o i l s  under them. S6i l  under P'nUs nigPa 
s h o w e c l ~ s i g n i f i c a n t  change i n  pH down t o  20 cm, although t h  r e  *as a 
s ign i t i can t  decrease i n  extractable  calcium a t  5-10 cm, 15-2 cm, and 1 
25-30 cm. No other species had s ign i f ican t  losses  a t  those 1 epths. At! 
0-5 cm and 5-10 cm, P .  nigm had the smallest decrease i n  extractable  
magnesium. Bonneau e t  a t .  (1979) found t h a t  on a sandy s i t e '  P. n i p  
rapidly accelerated the l o s s  of t o t a l  s o i l  elements, especiai ly  potassium, 
manganese, and sodium, and increased the organic nitrogen cohtent. 
However, its e f f e c t s  on avai lable  elements were complicated. Results 
obtained from Bedgebury and Abbotswood (Howard & Roward 1984b, b, c )  were 
not consis tent  with the reputation of P. nigra f o r  accelerathng s o i l  
ac id i f i ca t ion  and leaching of bases. 

So i l  under Atnus incaa and Larix ZeptoZepis showed a signifbcant decrease 
i n  pH (1.7 uni ts)  a t  0-5 cm, aud a s ign i f ican t  decrease i n  e t t r a c t a b l e  
calcium. Franklin e t  a t .  (106s) found t h a t  s o i l  under A. m had lower 
calcium and magnesium contents than under Pseudotsuga 
a t t r ibu ted  t h i s  t o  leaching of bases under a lder  
f lxa t lon  and n i t r a t e  production. Duchaufour and 
losses  of calcium, potassium, and magnesium and 



a t  0-10 cm under P. menziesii compared with s o i l  under oak-hornbeam. 
Larch species have a mixed reputation concerning t h e i r  e f f e c t s  on s o i l .  
Larch is of ten regarded as a benef ic ia l  type of t r ee  with a nutrient-rich 
l i t t e r  (Bonnevie-Svendsen & Gjems 1957) o r  as a soi l -deter iorat ing t r e e  
and a producer of poor humus (Viro 1956). The difference may be re la ted  
t o  species (Schober 19531, or  s i t e ,  o r  both. More detai led s tud ies  are  
needed on larch species. 

AZnus incana, Pinus nigra, and Betula alba a l l  showed s ign i f ican t  decreases 
i n  t o t a l  calcium i n  the L and F/H layers which, i f  i t  i s  not simply due 
t o  s p a t i a l  var ia t ion between the 2 years '  samplings, means a reduction 
i n  the return of nu t r ien ts  t o  the s o i l  surface and suggests a trend 
towards a decrease i n  extractable  calcium i n  the upper horizons, unless 
i t  can be replaced by weathering. I f  t h i s  i s  so ,  it is unusual t h a t  it 
should happen under B. alba as  birch species are  usually considered t o  be 
good a t  returning bases, especially calcium, i n  t h e i r  l i t t e r .  

Anderson (1950) considered a l l  the species studied a t  West Tofts ,  except 
Pinus nigra , t o  be valuable as s o i l  improvers. 

The only t r e e  species i n  common a t  Abbotswood and West Tofts is Pinus nigra 
(Howard & Howard 1984a). The data  for  0-5 cm under P. n i p a  and 
P~eUdotSUga menziesii which both occur a t  West Tofts and Bedgebury are  
given i n  Table 7. The pH a t  West Tofts was about 1 un i t  higher than a t  
Bedgebury under both species i n  both years. Loss-onlignition, t o t a l  nitrogen 
and extractable  sodium were 3 t o  7 times lower a t  West Tofts than a t  
Bedgebury. Under P. menziesii extractable  potassium was 5 times lower a t  
West Tofts than a t  Bedgebury but under P. nigm i t  was 9 t o  11 times lower 
and there was a s ign i f ican t  decrease between years a t  Bedgebury. A t  West 
Tofts extractable  calcium was lower under both species i n  1951 but higher 
i n  1974 following increases a t  West Tofts but s ign i f ican t  decreases a t  
Bedgebury. ~ x t r a c t a b l e  magnesium was up t o  5 times lower a t  West Tofts 
than a t  Bedgebury and there were s ign i f ican t  decreases a t  both s i t e s  under 
both species between years. Extractable phosphorus was 3 t o  5 times grea te r  
a t  West Tofts than a t  Bedgebury and the only s ign i f ican t  change between 
years was an increase under P. menziesii a t  West Tofts.  

I t  seems c l ea r  tha t  d i f fe ren t  t r e e  species have d i f fe ren t  e f f ec t s  on s o i l s  
and tha t  f o r  a given species the e f f e c t s  may depend upon loca l  conditions.  
Changes i n  the amounts of elements i n  s o i l s  serve t o  i l l u s t r 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  fu ture ,  
a greater  emphasis on s o i l  processes is needed. 

6 SUMMARY 

1) Alnus incana L and F/H layers  had the  greates t  t o t a l  nitrogen contents 
i n  both years,  although i n  the F/H layer  i t  was not s ign i f ican t ly  
d i f fe ren t  from tha t  of Lori+ zeptotepis. Between 1951 and 1974 
there  were s ign i f i can t  increases i n  t o t a l  nitrogen content i n  the  
L layers  under a l l  species ,  and i n  the F/fi layers  under a l l  species 
except Betula alba. The ranges were s imilar  i n  both years,  but the 
maximum and minimum values were greater  i n  1974. 



i i )  Betula aZba L and F/E layers  had the greates t  t o t a l  potdssium, I 

calcium, magnesium, and phosphorus contents i n  both yea*, althougd 
i n  1974 they were not always s ign i f ican t ly  grea te r  than lunder 
any other  species.  

i i i )  The range of t o t a l  potassium and magnesium contents i n  iihe L l ayers  
narrowed from 1951 t o  1974, due chief ly  t o  s ign i f i can t  decreases 
under Betula aZba and AZnus incana. There w a s  a l so  a nqrrowing 
i n  the range of L l ayer  t o t a l  phosphorus contents,  due 40 a 
s ign i f ican t  decrease under B. alba and a non-significant/ increase 
under Pinus nigra. I 

I 
iv )  From 1951 t o  1974 there  were s ign i f ican t  decreases i n  

layer  t o t a l  calcium content under BetuZa atba, Atnus 2 
Pinus n igm,  and i n  the F/H layer  under Pseudotsuga 

v) Between 1951 and 1974 there  was a s ign i f i can t  decrease 
s o i l  down to  20 cm depth under AZnus i n c m ,  and a t  0-5 
L U ~ X  Zeptolepis. In 1974 s o i l  under A .  incana had the 
a t  a l l  depths except 65-70 cm, although only a t  5-10 
s ign i f ican t ly  d i f fe ren t  from s o i l  under any other  
s o i l  under P. nig??a was the l e a s t  acid a t  a l l  

under some other  species.  
although i t s  pH was not s ign i f ican t ly  greater  than t h a t  of s o i l  

v i )  S o i l  a t  0-5 cm and 5-10 cm depth under AZnus i 1 1 c a ~  had the grea tes t  
loss-on-ignition i n  both years,  and t h i s  is no doubt coimected with 
its low pH a s  i n  (v). Ni t r i f ica t ion  under AZnus specie$, consequent 
upon nitrogen f ixa t ion ,  may be responsible fo r  s o i l  a c ib i f i ca t ion  and 
hence organic matter accumulation. In  1974, s o i l  under Pinus nigPc2 
had the lowest loss-on-ignition a t  a l l  depths down t o  30 cm. 

v i i )  In  both 1951 and 1974, s o i l  under AZnus incana had the r ea t e s t  
t o t a l  nitrogen content a t  0-5 cm and 5-10 cm. By cont r  st w i t h  
Bedgebury and Abbotswood, there  were few s t a t i s t i c a l l y  ignificanf 
decreases from 1951 t o  1974. i 

r i i i )  I n  1974 a t  0-5 cm depth, s o i l  under Betula aZba had the greates t  but 
not s ign i f ican t ly)  extractable  potassium, calcium, and agnesium 
contents.  . 

ix) The s o i l s  here ,  unlike those a t  Bedgebury and ~ b b o t s w o 4 ,  showed iew 
s ign i f i can t  increases i n  extractable  potassium o r  decrdases i n  
calcium. 

x) S o i l s  under a l l  species showed s ign i f i can t  decreases i n i  extractable  
magnesium content down t o  20 cm depth, and under a l l  except Betuk 
aZba a t  25-30 cm. 

xi)  A s  the  f i r s t  component is the  axis  of maximum var ia t ioq ,  and any e f f e c t  
of species is l i ke ly  t o  be most pronounced a t  the  surflice, t he  
order of the  species on the  f i r s t  component a t  0-5 cm day be taken 
t o  indicate ,  i n  a general way, t he  r e l a t i v e  e f f e c t s  o f t h e  species.  
Comparisons of the  orders of the  species a t  the varioud depths a r e  
not  helpful  a s  they have d i f fe ren t  important variables.  
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Table 1. Ovfugton's altes resanpl€d ltr 1974
Norfolk (Thetford cbas€)

Species

Pseudotsuga nenziesii (MlDb . ) Franco

Pinus nigra vsr maritina (Aft.) Melv.

Laz.tr LeptoLepis (Sieb & Zucc.) cord.

Alnus ittcana (L. ) Moencb,

Betula aLba (nonen enblguun)

at  W€st  Tof ts ,

PlaEted

1930

1930

1930

1930

1930



t.bl€ 2.

pfi

LOI % OD

Total N % OD

Ertrecteble Na

K

Ca

Mg

P

Ui!1n8, DaxlDe, !!€atrs, standald d€vlatloas, ald co€fllclents
of varlatloB ot tbe 

"srlabl€s 
tor tb. trest Tolte sbl1s

(1951 plus 1974)

Ml,!.

4 . 2 3

0 . 4 0

0 . 0 1

0 . 1 0

0 . 5 0

26,L0

0 , 2 0

1 .  0 0

llax,

a  , 4 7

4 . 9 1

0 . 1 6

3 . 5 0

3 ,  3 0

2446,OO

9 . 6 0

4  . 9 0

Uealr

7 .  3 9

L , 2 4

0  . 0 3

! . o 4

1 . 3 3

226.74

2 , 3 2

2 . 3 9

S.D .

r '9'
0.q4

0 .q3

o .q5

o .d8

465.tr2

2 .23

o.  ?9

t4

.68

104

'62

44

205

96

33

Extractabl.es are glven es DgllOO g OD soll



Table 3, Correlatlor half-natllx for WeEt Tofts so l l  da ta (1951 p lus 19?4)

pE LOI MgC aKNa

pH

LOI % OD

Tot6l" N % OD

Extlactable Na

1

_  . 6 9 7 * * *

- . 7 1 1 * * *

. 3 9 6 * *

- ' 436'r*:r

.267*

- . 2 L 6

.432***

1

.943** ' r

- . t 62

.6  36* * r

- . 168

.455***

- ,279*

1

- .  1 9 6

. 660**,1.

- . 1 5 8

,287*

- .28?*

tl

Ca

Ug

P

1

- . 0 7 6

.956, t  **

.441* ' r *

. 393**

1

1 t R

,426***

- . 1 3 ?

1

. 458**'1 1

.364**  .108



Table 4.

Conponent

Elgcavalues ol tbe colrelatlon natrlx of th€ fest Eotts
soll data (1951 plua 1974)

Elg€Dvaluo Perc€atag€ of

CoDpone!tt

4 3 . 8

3 0  . 2

o n

6 .2

5 .3

4 .3

1 .0

0 .3

sblL i ty

atlve

1

2

3

c

o

|'

3 .  50

2 ,4L

o ,72

0 .49

o ,42

0 ,34

0 .08

0 ,03

4 3 . 8

7 4 . O

8 2  . 9

8 9 . 1

94.4

9 A  , 7

9 9  . 7

Teble 5.

Va!1eble

pB

LOI % OD

Totel t{ % oD

Extlecteble Na
n t r

" C e
,, Mg

Eig€nvectors ot the lirst th!€€ coEpoteltts ot tbe
corlelatloD latrl.x ot the tr€st Tofts 6011 data
(1951 p lus 1974)

100 ,o

Elgattvoctor tor compoaqt

' . 2 3

0 , 4 5 *  0 . 0 4  0 . L 2

- 0 . 4 9 *  0 . 1 6  0 . L 2

-0 .40*  0 .11 ]o . r .u
o.2s 0 .53*  

]_o 
.  zn

-0. 37'r o .23 
I 

o.20
0 .  18 O,  55* 

)_O 
.24

-0 .16 o.5o*  l -o .  ra
0 .26  0 ,28  ' 0 . 88 *

*Ab6o1ute vslu€ great€r thra 0.75 tiles th€ lelB€st sbsolut€ va1ue
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1 9 5 1

10- 15 cn

t9? 4r 951

;l

20-25 cD 25-30 cd

Flgur€ 2. Cbanges 1D pH between
(Banes abbrevlated) at dlffelent
P c O . 0 1  p  <  0 , 0 0 1  -
slgnlfj.cently different fn l9?4

1 9 - 2 0  c D

65-70 ca

1951 and 1974 under diffelent Bp€cleg
depths,  s lgn i f lcant  at  p  < O.OE

, The ver t lce l  l ln€s t lnk specl€E lo t
( T u k e y ' s H S D p < 0 . O 5 ) .
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Flgure 4. Charges ln losE-on-{gn1t loD bet\r€en 1951 aad 19?4 under dlttereDt
specles (Daoes abbrevlated) at dlflerent depths, sj.gnlflcant at p < 0.05
p < 0.01 -  - ,  p  < 0,001 - .  Tbe ver t lcEl  l l res 11! tk  specles t rot
s lgnl f tcat r t ly  d l l feret l t  ln  1974 (Tukey 'g ESD p < 0.05) .
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Flgure 6. chalges ln totel nlttogett between 1951 and 1974 under dtfferetrt
apecles (nenes abbrevlated) at dlfferent deptbs, 8lglrlflcent st p < 0.05
p < 0,  01 -  - ,  p  < 0.  O01 - .  The ver t ica l  1 lnes l l t rk  specles not
s lgr l f lcant ly  d l f ferent  1n 1974 (Tukey 's  t lSD p < 0.05) .
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Flgure 8. Cbanges ln sodiun betw€en 1951 enaf 19?4 unde? dlfferent speci€s
( lames ebbrev ls ted)  at  d l f fereEt  deptbs,  s lgBi f lca l t  a t  p  < O.OE
p < O.01 -  - ,  p  < 0,  O01 - .  Tbe ver t tca l .  thes 11!k specles Eot
s lgni f lcentLy d l f fer€r t  1n 1924 (Tukey,s t tSD p < O.Ob).
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Flgure 10. Changee ln potassluE betw€€! 1981 and 1924 under dlfferent
specles (nanes abbrevls.ted) at dlfforent d€ptbs, slgniflcaut at p < 0.05
p < O,O1 < 0.001 - .  The ver t lca l  l iDes Lfutk  apecies t lo t
s lgBl f ica l t ly  d l f ferent  ! \  1974 (Tu&ey's  HSD p < 0.0S).
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figute 12. Cbanges ltl calclur betwe€n 1951 and 1924 uader dlfferent specleg
(names abbrev lated)  at  d l t feret r t  depthe,  s lgDl f tcaDt  at  p  < O.Ob
p < 0.O1 -  - ,  p  < O.O01 - .  Tb,e v€r t lca l  l1nes 1 lak species not
s ignl f icant ly  d l f fer€nt  La 1974 (Tukey 's  ESD p < O,OE).
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1 9 5 1

25-30 c!

5 - 1 0  c h

!974

L1tr .e!

15-20 cD

^,1'-".
8 .

45-60 cd 65-70 co

Flgure 14. Cbaages 1n Deguesiun betweetr 1991 ald 19?4 unaler dlfferetlt
specles (lanos abbrevlated) at dltferent depths, Etglltlcattt at p < 0,0S
p < 0,O1 -  - ,  p  < 0,001 - ,  The ver t lce l  l1nes l tnk specj .es Dot
s lgnl f lcaDt ly  d l l fer€ l r t  lD 1924 (Tuk€y,3 HSD p < O.O5).
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Flgure 16. Changes ln pbospholus betrreett 1951 and 1924 uader dlflereBt
specles (names abbrevl.ated) at dlftereDt depths, sigltlflcarrt at p < 0.05
p < 0.01 -  - ,  p  < 0.OO1 - .  the ver t lca l  l i t res l ink species not
s lg l r l t icant ly  d i f ter€ l t  in  1924 (Tukey,s gSD p < O.O5).
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Fj'gure 17. rirst rnd s€coDd colponenta ol tbe correlatLor nalrl,x for thaL (-) and F/E (- - - -) layels uttdor dlttereat sp€c1es (";;"-J;;.;rted),
sbovlng changes fron 1981 to 19?4.



Flgure 18, Flrst and second
1974 L layers under dlfferent
3 dluensions sup€rLnpos€d.

coDponetta of
spec les  r l th

the
the

correlatlon loatrlx for tbe
lll lnun spanlIng tlee i!



Ftgure 19.  F l rs t
tr,/g layers urder

end s€cond coEpotr€lta of the correLatlotr BB
dlffer€nt Ep6ctes .

-[r"to t
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Algure 20. Flrst eDd second conponentg of the correlatlon Dattlx for tbe
sotls under dlffereat specl€s (nan€s ebbreviated), showlng changes tron 1991
to L974.  0-5 cn,  -  -  5-10 cnr  -  45-50 cn,  65-?0 cn
(15-20 cn aud 25-30 cE oml t ted for  c lar l ty) .
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App€ttdlx 1

CheEl,cal Eethods

LOI % OD*

Tota l  N % oD

Tota l  N

Tota l
ElDe!a1s

Ert!act ables

(aL1 sanpl .es )

(L and r /H)

s 0 1 1
1951 ngl100 g
1974 % OD

(1, and F/Ir)
1951 ng/ /100 g
L974 % oD

OD

OD

L97 4

2 hrs at  800oC 2 h ls  at  ssooc

KJelCahl  wi . th  CuSO..  Perox l  de lSutpbur  lc  ac ld
cata lyst ,  !o1) .owed'  d lgest ton Eethod, ,  co lor ! . -
b y  d l s t i . l l a t l o n .  E r e t r l c  d e t e r n L n a t i o n  w l t h

lndoDhenol  b1ue.

Dl t ro XJeldahl  r '1 th HCO cata lyst ,
co lor lE€tr lc  detern lnat lon
v i tb  lndophenol  b1ue.

Nl ,  t  11c lPe rch lor lc , /  perox l  de lsu lphur  i  c  ac ld
Sulp l rur lc  ac ld d lgest  fo l lowed by:
d lgest lon fo l loa 'ed
t r , ,  .

Na)EEL f  lane
K )  photome ter

ca-EDTA ?1th EurexldelAtoElc absorpt lo i r  wl th

I tg-Tl ta !  yeI lov J tar thanun to suppress
-  

)  l n t e r f e r e n c e

P-Molybdenuo blue Mo blue

Extraciecl tor 2 As 1951 but for 1 i.our,
bours v l th  2.5%
acet  lc  ec l .d ,  25
par ts  to  1 par t
AD soll (2 rur
s l e v e ) ,

Na)  !1ate
K J pbotoneter

Ca-EDTA vlth
nurexlde

Mg-?1tan yel low

P-Molybdenun blue

] r r r .  
r r"r"  phot oneter

Flaa€ pbotoEeter

JAtoElc ebsorpt lon w1t ! .

I tautheau!  to  suppress
)  ln tsr tereDce.

Mo bLue

( s o 1 1 )
1951 aDd 1974
ngrz100 g 0D

* 1951 oveD d1.y = SOoC
1974 ov€! dly = tOSoC

Cor lect loa tactorg

L aad F/E Totst N l9S1 equlvalent

1951 equlvaleut
1951 equlvelett

1974 N x 0.882

1974 tl x 0. 707
19?4  K  x  1 .564

pE* 1951 equlralelt for B€dgebuly Edrt 0.3 pE uuLtg
lor  Abbotsrood add 0.49 pE u! t t !
for  l lest  Tol ts  add 0.31 pE u l l ts

t  pE correct loBs M, Aldersot t ,  pe!s.  .coDe.

cleuical aaalyses vele p€rfo::Eed by tb€ Chenlcat Selv1ce st lterlovood-pB ne3sureEeuts l9ele supplled by !d. Audersoa.

N
I

t97 4
1974



Appendl,x 2

1974 data fo! L aDd F/B lay€ls aad solls.

Tbe data are neans ot 5 protll.es p6r p1ot,
5 L or  3/g layels  per  p lot .

but tbere sele trot elweys



1974 data

Varlable
%oD

LOI

Total N

Total Na

Total E

Total Ca

Totsl Mg

Total P

Var lab le

Totel N
*oD

P. nenziesii

92,9
6 4 . O

1 . 8 6
1 . 3 1

o .o23
o .o24

o. 100
o. o55

o  . 97
0 .40

0 .057
0 .o38

0 .150
0 .o83

L. Leptolepis A.

8 9  . 4'  
? 8 . 0

L . 3 7
1 . 5 3

o.  o14
0,018

0 .094
0 .o34

o .42
0 .36

0 .036
0  .036

0 .098
0 .069

pE

L
E/n

L
F tl,

L
r/4,

I

F/E

L
Ftu

L
E/H

L
F/U

Sanpl.ing
depth
1cn)

0 - 5
5-10

10-15
15-20
20-25
25-30
45-50
e5-?0

o-5
5-10

10-15
15-20
20-26
25-30
45-50
65-?0

o-5
5- 10

10-15
15-20
20-25
25-30
45-50
65-?O

P, nigra

9 6 . 6
6 9 . 0

0 . 9 6
1  1 0

0 .009
0 .019

0 .090
0 .o54

o .59
0 .  31

0 .031
0 ,o32

o .o74
0 .063

incota

8 4  , 9
5 5 . 0

2 , 3 6
r  , 79

0 .008
0  .012

0 .080
o .o47

1  .60
0 ,84

0  .055
0 .o43

o ,L20
0 ,080

B. aLba

8 9  . 0
5 4 , 0

L  , 7 7
1  . 2 8

0  . 0 1 2
0  . 0 1 3

0 , t 8 0
o . 1 1 0

1 . 6 0
0 . 9 0

0  . 0 9 3
0 . 0 8 3

0 . 1 5 0
o . 1 1 0

5 . 7 7
6 . 6 9
7 , 7 4
7  . 9 5
7  . 9 L
7  , 9 2
7 . 9 8
7  . 9 5

2 . 3
L . 2
1 . 0
o.9
o .8
0 .8
0 .6
0 .4

0 .10
o .06
0 .03
0  .04
o .02
0  .01
0  .01
0 .01

4 , 9 7
6  , 5 2
7  . 4 L
' 7 . ? 8

7 . 7 4
7 . 7 5
7 . 7 9
7 . 7 6

2 , O

L . 2

L . 2
o.7
0 .5

o .  08
o .05
0 .03
o .04
0 .03
o .o2
o.o2
0 . 0 1

4 . 8 6
7  , 4 6
8 . 1 3
8 . 1 6
8 . 1 5
8 . 0 3
E  . 0 4
8 . 0 8

t , 4
0 . 9
1 . 0
o .7
0 .6
o .7
o ,7
0 .6

0 ,06
o .02
0 .03
0  .02
0 .04
0  .02
0  .02
0 .01

4  . 5 8
6  . 9 1
7 . 4 2
8 . 0 3
7 . 9 3
7 . 4 6
7  . 8 3
8 . O O

1 2

L . 2
1 . O
0 . 9
1 . 0
1 , 0
o ,7

0 ,07
o ,o1
0 .03
0 .04
o .05
o .  02
0 .02
0 .  01

3 . 9 2
4 , 9 3
6 . 2 6
7  , 0 L
7 . 3 6
7  , 4 3
7 . 5 8
7 , 8 8

4 . 8
2 . O
L . 2
0 . 9
0 , 9
1 . O
0 . 8
0 . 5

0 . 2 3
0  . 0 8
0  . 0 3
0 . 0 3
0  . 0 3
o . 0 1
o .o2
0  . 01

LOI
% o D



1974 dats

varlabte Saupllng P. nenzieeii
dcpth
(cn)

Leptnlepie A, inera

o .7
0 .5
0 .9
1 .6
0 .8
o .9
2 ,L
3 .5

1 .0
0 .8
o .8
1 .1
o .6
o .5
0 .9
1 .0

4!
111
256
331
191
101
425

20L6

0 .8
1 .4
2 .2
2 .O
1 .3
0 .8
3 .0
6 .0

2 .L
2 ,2
2 .4
2 .O
2 .O
1 .5
2 .5
2 ,O

Extract
-gbl.e

l.le

P. nig:tv, L.

0 .6
o .7
L ,2
1 ,4
0 .4
0 .3
0 .€
1 ?

o,7
o ,6
0 .6
o .7
0 .6
o ,7
o ,7
0 .9

35
185
464
226

85
7 l
58
44

0 . 6
L . 4
2. r
t ,2
0 .6
0 .5
0 .6
L .2

1 .0
2 ,6
3 . t
2 ,L
2 .2
2 ,5
2 .6
3 .4

Extract
-able
E

0 -5
t-10

10-15
1t-20
20-25
26-30
45-50
65-70

0 -5
5-10

10-15
15-20
20-25
26-30
45-50
65-?0

0 -5
6- 10

10- 15
15-20
20-25
25-30
45-50
65-70

0-.  5
5-10

10-15
1!-20
20-25
25-30
45-50
65-?0

0 -5
. 5- 10
10-15
15-20
20-25
25-30
45-50
65-70

0 , 8
0 . 9
1 . 2
1 . O
0 . 9
1 . 0
0 , 6
0 . 9

L . 2
0 . 8
o.9
1 .1
1 .0
o .9

v . o

1 . 1
t . 7
2 , 5
1 . 8
L , 2
1 . 1
0 . 7
0 . 6

2 . 4
2 . O
2 . 5
2 . L
L . 7
2 . L
2 . 4
3 . 2

o.7
0 .6
1 .1
o.7
0 ,8
o .6
0 .3
o .7

2 .L
L .2
L .2
i .a
o .9
1 . 1
o.9

L ,7
0 .9
0 .7
1 .0
0.9
1.9
L.q
1.1
4g
3q
81

130
76
eq

1879
2448

B. aLba

2 .4
3 .1
3 .6
2 .4
2 .4
2 .2
2 .3
2 .7

o.7

Extr1act
-r,ble

C e

58
L29
235
230

95
E9
57
40

70
LO2
324
242
177
a7
39

111

2 .6E:tract
-ab1€

Ug

E:tlact
-.b1e
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