


Introduction

Sycamore was introduced into Britain more than four hundred years age and is
now widespread. It is possible that it was present before glaciation, as the
pollen is not readily preserved in sediments {which could =zccount for the
absence of ‘Tecords), but it is generally regarded as an exotic species and,
therefore, of little value {or nature conservation;. and in some places it is
regarded as a positive threat to conservation, because of its ability to
colonise aites where other tree species would be preferred,

Previous work (Helliwell, 1965), indicated that, although sycamore seeds will
gerninate under almost any condltions, succesaful regeneration requires an
absence of dense ground vegetation, a relatively high level of available
phosphorus, and a soil pH greater than 4, It is Jikely, therefore, to be
leas of a nuisance then many people suppose, although it may give cause for
concern on the more fertile soils, especially in those parts of the country
which lie outside the matursl range of beech,

(On the continent of Burope, sycamore is widespread in mountainous areas, but
is rarely very nuzerous, The gituation in Britain differs to some extent,

in that silver fir is absent as a native species, and beech occurs naturally
only in Southern Britain; hence there is rarely any major species present
which is more snade-tolerant than sycamore, giving greater opportunity for the
'latterqﬁo regensrate yhenever soil and climate are favourabls ),

The earlier work referred tc (Helliwell, 1965) investigated a range of factors,
ineluding light intensity, moisture stress, and soil chemistry in a number

of different woodland soils, and there were strong indications that the phosphate
content of the soil was of critical importance in many cases where the pH value
lay between 4.0 and 5.5. Succeszsful regensration of sycamore has not, to the
author's knowledge, been recordsd on any seil with a pH walug less than 4.0
and on s0ils with a pH value greater than 5.5 regensration is usually copious
unless the soil is subjent to drought. (Some work ig being carried out at
University College, London, on the growth of sycamore and ash (Frazinus
excelsior) seedlings on soils with relatively high pH values, and the results
should be published shortly.)

" In order to examine this matter further, the abundance of sycamore, expressed
as a percentage of msal area in 6 sample plots, was correlated with chemical
date Trom &4 bulked soil sample for each of 47 woodlands in the English lake
District¥, Ho significant correlations were obtained with any of the soil
variables, which included total phosphate and phosphate extractable in 2, Fas
acetic acid, Harrison (1974) has found, however, that a much better
correlation with the growth of nettles (Urtica Zioica) can be obtained by
measuring the labile scil phosthate, using a radiocactive tracer (sz).

Selection of sample soills

13 woodland soils were selected, including 5 in North Wales which had been
studied to some extent in the earlier study and 8 from sites which had been
visited during studies in the English Lake District (Harrison, 1971, and
Helliwell, 1973). ol values ranged from 3.9 to 5.5 and loss-on-ignition from
10.1% to 44.8%. Sycamore was present at 7 of these sites and absent from

the other 6é. g :

* (Data kindly loaned by Dr. R, (. 1. Runee)




Soil from each woodland was brought to Herlewood at the end of March 1972, any

stones over Z.cm were removed, and eight 25 cm. diameter black plastic plant-
pots were £illed with. each. soil.

Soil apalyses

Three samples of each soil were taken soen after collection and the amount of
labile phesthate was measured using Farrison's method., Additionsl samples
were also taken on'?th November to check that no major changes had occurred.

Air-dried 2mm, sieved samnles were also prepared and were analysed f'or total
phosphate content, total nitrogen content, and amount of extractable P, K, and
Ca, using 2.5% acetlc acid 25 extractant,

The results of these analyses are given in Table 1.

The labile P measurements were fairly consistent within any one scil, though

a few samples varied by as much as 50%, but the values cbtained in November

were not very cle-e to those obtained in Merch, the coefficient of the
correlation between the two sets of valuesbeing only 0.45 . The correlation
between the labile P per unit weight in November had, hOﬁLVCP a correlation
coefficient of 0,73 with the labile F in March per unlt volume, (The conversion
from unit welight to unit volume was made by use of Jeffrey & conversion table,
based on loss-on-ignition (Jeifery, 1970)). Even this, however, acomunts for
orly 509 of the variation between the two sets of data.

Growth of seedlings

1971 was & very poor year in this part of the country for sycamore seed
production, but a tree was located from which about 600 apparently sound seeds
were 0011ﬂcted. These wore stored in the usual way and stratified in moist
sand for 8 weeks before sowing at a density of 5 seeds per pot. Germination
wag fairly even, but, contrary to expectation, was nowherc near 100%, and

- only about 135 seeds germinated,

In view of the small numbers of seedlings, therefore, only one fertilizer
treatment was given, plus a control, in place of the intended three treatments,

In addition to the sycamore seedlings (and numerous weed species, which were
removed ), a number of birch seedlings grew in some of the nots, The pots
Montaining scil from Eron Eifion produced several hundred such seedlings, and
some of these were transplanted a few weeks after gemination to each of the
other soils, to zive a total of L plants per pot, {sycamore and/or birch), thus
giving some unexpected but useful information on the growth of this speoles,
(The birch in this case wasz thought to be of the species Betule varrucoua Bhrh,)

The number of sycamore seedlings in sach soil varied from 5 to 14, but the
number was not significantly correlated with apy of the s0il variables measured,
and the variation appsared to be random.

Treatment

The one treatmert which was given involved the addition o 3 gm. of KaHzp
P0j -2HP0 tc half the pots; at random, containing each of the 13 scils.




% gm. was added on 31st May and a further 23 gm, on 17th July, as the zarlier
anount had not rsasulted ir any obvious increase in growth, although there were,
by this time, noticeable diff'erences between the different soils.

ﬁesults

The mean height growt! of the sycamore seedliings .on 30th August was 92.6 mm.,
without added phosphate, and 128.3 mm. with added phosphate; the birch being
h5.1 mm, and 65.5 mm, respectively,

The mear figurcs for each soil are given in Table 2, together with the dry
weights when the seedlings were harvested on 42th September, and the root/
shoot ratios.

The correlations between soil variables and weignt of seedlings are given in
Table 3. The rool/shact ratios were not significantly correlated with any

of the s0il variables, and the corrdlations with height growth were similar

to those for dry weight. {The correlation coefficient between height growth
and dry veight was G,89 in ithe case of sycamore and €,97 in the case of birch.)

Orthogonalized regressions were carried out on these soil variables, in
rzlation to the various plant variables, amd significant correlations were
obtained with a number of the cigenvalues in the case of mear weight and mean
weight increment in beth species.

Multiple regression squaticns were calculated using 211l of the soil variables
and with soxe omitted, und these are diccussed below:-—

1s Mean weight of sycamore scedlings (without added P)

Imcluding 211 & scil variables, the regression accounted for &8,2% of the
variability in seedling weight.

If pH is omitted from the calculation, 87.9% is accounted for, and the omission
of total N similarly makes relatively 1ittle difference.

If labile P is alsc omiited, 73.2% of the variation is accounted, and it is
evident from Table 3 that labile P is corrclated to some extent with the growth
of sycamore seedlings,

The predicted and cctual values for the 13 soils are given in Fig. 1, based

on all the soll wariables except pii, for whicn the regression eguation is

Wt. of seedling = 0.1176 =(total ¥ (per mi.) x 6.841)
+{total P x 30.4)+(labile P x 0.0186)—iloss-on-ignition X
0.033 1+ (extractable P x 0.497)+(ext. Ca x 0,0019)
+{ext, X x 0.055)

Fig. 2 shows the predicted and actual values based on 5 soil variables, and

it can be scen that, in three cases, the predictability is much poorer, but in

the other 10 cases it remains much the same. The regression equation in this
case ia :

Wv. of ssedling = -1.7786 +(total P x 28.31) - (loss~on-ignition x 0.026)
+(ext. P ox 0.0946)+ {ext. Ca x 0.00454)+ lext. K x 0,0562)




=

2. Mean weight of birch scedlings (without added P)
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The S soi} varisbles accounted for 77.3% of the variability in seedlings weight,
anq 5'varlables (omitting labile P, pl, and total N) accounted for 75.7%, the
cmission of the labile P measurements making little difference in this case.
The regression squation for the 5 variables is
Wt. of: seedling = =0.19195 +{W¥xt. K x 0.01117)x xt. P x 0.6069)

+ (botal P x 1.5257)- (loss-on~ignition x 0.004349)

-(ext. Ca x 0.000845)

Tig. 3 shows the predicted and asctual values for the 13 soils.

3« Mean weight increment of sycamore scedlings with added P

The 5 s0il variables zccounted for 89.0% of the variability in this case, the

regression equation being

Wt. increase = 2.043 +(ext. Ca x 0.00375 )k (ext. P x 2.29L)+
(loss-on-ignition x 0,0315)}- fotal P x 25,56)-(ext. K x 0.060)

A1l 8 soil vaerizbles sccounted for $5.45% of the variability.

ho  Mean weight increment of birch seedlings with added P

In this case, the 5 s0il variables accounted for only 28.0% of the variability,
although &1l 8 accounted for 59.1%. Bven the higher of these figures is too
low to be of very much practical use, although the orthegonalized regression
shows o siznificant correlation with the 5th eigenvalue, which is strongly
related to total P and labile P,

Discussion

The value of the labile P measurements was less than hod been expected,
although it did help tc explain tc some extent the variation in the growth
of sycamore seedlings in the different soils and in explaining the response
of birch seedlings to added phosphate. Harrison's (1971 ) work with nettles
was carried out on soils cevering a wider range of pH values (up to 7.8),
and it may be that the method iz of more use in studies of 2 wide range of
s0il types than in a study such as this which was deliberately restricted to
a limited pH range.

Tt is obviecus that, as had been expected, soil phosphate, in one form or another,
is very important in the growth of seedlings of both species. The response

of sycamore to a2dd.d phosphate is correlated closely with the calcium level

(and, therefore, the pH value) of the soil and to the "extractability" of
phosphate. The response of birch to added phcsphate is more obscure, arnd may,
possibly, have boen influenced by interference from sycakore scedlings growing
in the same plant-pot.

The amount of variability explained by the regressions for the grogth of
sycamore and birch seedlings acpearsto be sufficient to predict with some-
degree of accuracy the likely rate of growth of these species, given adeguate
light, moisture, and freedom from root competition, Purther verification,
using a larger number of soile, would be desirable, however, before too much
reliance is placed on these regressions,
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Such infomation might help to indicate the likely competitive status of these
species. It would appear, from field observation at the 13 woodland sites from
which the soils were taken, that sites which produced seediings of less than

1 gm. mean dry weight are unlikely to contain many sycamore trees, whereas
birch will grow on almost any soil if the area is suitably managed.

The sites at Gorswen and Bron Eifionmake an interesting comparison.  Both
appear to be just capable of growing sycamore seedlinggy adequately, and both
give increased growth if there is & localized increase in phosphatic meterial,
but Bron Eifion appears to be an excellent site for the growth of birch whereas
Gorswen is one of the poorest sites for this species, RBron Eifion wood is,

in fact, almost pure birch; and the Nature Conservancy have been busy removing
sycamore at Coed Gorswen. t¢ prevent it taking the place of oak and other fres
species, as it bas been cclonizing this wood very rapidly.

The fact that the regression eguations given above draw onda number of soil
variables, but give a single answer, could mean that they would Torm a useful
means of expressing these scil variables in a form which could be more easily
used in site assessment, For example, it may be easier to carry out =2n
analysis on this 1ist of data:-

1. ©polential of site for growth of sycamore
2. potential of site for growth of birch

3. altitude

L. Bslope

5. depth of soil

than on this list:-

1. 108s on ignition of s0il
2, Total P content

3, Extractable X

e Extractable Ca

5. Extractable P

6. pH

7. soil depth

8. altitude

9. slope

and the results may be easier to interpret, It is intended to investigate
this aspect further.

(It is possible that seedlings of sycamore and/or birch do not behave in the
same way as mature trees with regerd to s=oil nutrients, A gquick exsmination
of sample roots showed that fungal hyphae were present in both species in all
soils, but these were not definitely known to be mycorrhizal. The probability

is, however, that they were mycorrhizal and were likely %o behave in a similar
manner to mature tree roots.)




Summa ry

By using standard analytical techniques for loss-on-ignition, total phosphate,
and extractable P, Cz and K it was possibla to obtain regression equations
which accounted for 73.2% of the variability in the growth of sycamore seedlings
in soils taken from 13 different woodland sites, and 75.7% of the variability
in the growth of birch seedlings.

The use of a method of assessing labile soil phosphate increased the amount

of variability explained in the case of sycamore by a further 10%, but by less
than2% in the case of birch, and the method contributed less information than
had heen sxpected, over the range of soils used in this study. It may be more
useful, however, in soils covering a wider range of pH values and other
properties, :

It is suggested that the regression equations for the .growth of sycamore and
birech seedlings, based on 5 soil variables, may give a pair of parameters which
would be more useful in the assessment of the gualities of a site for supporting
vegetative growth than would the original ansalytical data.
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