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INTRODUCTION
The Park Grass experiment was laid down by Lawes and Gilbert in 1856 to ascertain
what were the optimum amounts and combinations of inorganic and organic fertilisers
needed to obtain maximum yields of hay. When the experiment started ““the Park had
already been under grass for certainly more than a century” (Lawes & Gilbert, 1859).
There is no record of any seeds having been sown, so the species present at the outset
represented indigenous species and strains of plants. Prior to 1851 the land was
manured with farm-yard dung, road scrapings and the like, and sometimes with guano
or other purchased manure. One crop of hay (3-5 t ha™') was removed annually, and
the second crop was always eaten off by sheep. In 1851 and 1852 sheep were fed with
turnips on part of the field but during 1853-55 it received no manure.

The experiment was in effect an extension of the work previously started with
arable crops on other fields; the lay-out resembled that on the Broadbalk winter wheat
experiment where the fertiliser treatments were applied in strips running throughout
the field. Although treatments on some plots were changed during the early years, a
few plots were split to increase the number of treatments and some were added a
little later than others, most plots have now received unchanged treatment for at least
a century. Details of the amounts of fertilisers and individual plot treatments are given
in Tables 1(a) and 1(b) respectively and a plan of the experiment (as in 1975) in
Fig. 1

The treatments can be considered within four main groups: (1) no nitrogen;

(2) nitrogen applied at three amounts as ammonium sulphate; (3) nitrogen applied at
two amounts as sodium nitrate. Within the three groups there are comparisons of P
and — with and without K Na Mg, applied as their sulphates, for some of the amounts
of N. (4) Farmyard manure since 1905, either alone, alternating with fish meal, or
with inorganic fertilisers.

Tentative applications of lime were made to different halves of the plots on two
occasions, during 1883-84 and during 1887-88, but it was not until 1903 that a regular
scheme of liming was introduced (Table 2). In 1920 more plots came into the liming
scheme and another scheme was also introduced to test two laboratory methods for
measuring the lime requirement of soils. In 1965 a new liming scheme (Warren,
Johnston & Cooke, 1965) was introduced. In this scheme each half-plot is further
divided into two, giving four sub-plots (g, b, ¢ and d) for each fertiliser treatment and
itisintended that eventually sub-plots of all plots should have soils with pHs of approx-
imately 7.0,6.0, 5.0 and 4.0 in water. A start was made during 1965-68 on the first
phase of this scheme when lime was applied to previously unlimed sub-plots ¢ in an
attempt to increase their pH to 5 and also increased rates of lime were given to pre-
viously limed sub-plots & to increase their pH to 6. Only plots given ammonium
sulphate were sufficiently acid then to require lime. In 1976 another phase of the same
scheme, viz. the raising of the pH of sub-plots @ to 7, where they are less than this, was
begun. The amounts of lime so far given to those b and ¢ sub-plots which have already
come into the new scheme are given in Table 2 and the present pHs of all sub-plots in
Table 3. The pHs on previous dates are given by Warren & Johnston (1964), Johnston
(1972) and Thurston, Williams & Johnston (1976).

The management of the plots has remained fairly constant throughout; the plots
have been cut for hay every year, usually in June, but occasionally in July. Before
1960 the yields of hay were recorded and dry matter yield often estimated on samples
of hay. Since 1960 yield has been estimated from the weight of herbage taken in
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sample strips by forage harvester and the dry matter content of sub-samples taken
immediately after cutting. Thus, dry matter yields since 1960 cannot be directly com-
pared with those before 1960. The remainder of the herbage on each plot is then made
into hay. During fifteen of the first twenty years of the experiment the aftermath was
grazed by sheep. Since 1887 all of the second cut has been carted, weighed and yield
given as hay, or since 1960, as herbage dry matter. In addition to work on the botanical
composition of the plots, chemical analyses of soil and herbage have also been made at
intervals (e.g. Lawes & Gilbert, 1900; Warren & Johnston, 1964) and recently the soil
and surface fauna have been surveyed (Edwards & Lofty, 1975; Edwards, Butler &
Lofty, 1976).

The full Latin names of species whose generic names only are given in the text
appear in Table 4. These are as in Clapham, Tutin & Warburg (1962). Also in Table 4
are the common names recommended by the Botanical Society of the British Isles
(Dony, Perring & Rob, 1974).

HISTORY OF WORK ON BOTANICAL COMPOSITION OF THE PLOTS

AND THE NEED FOR FURTHER ANALYSES

The experiment soon showed how yield could be increased by fertilisers. For example,
even in 1856 yield was trebled by P and K and the largest amount of N. Differences in
yield have persisted and become accentuated since although yields declined on most
plots they did so more on some than on others.

The treatments also soon began to change the botanical composition of the swards.
In their report of results during 1856-58 Lawes & Gilbert (1859) wrote: “Perhaps the
most remarkable and interesting of the effects of the different descriptions of manure
upon the complex herbage of which the experimental meadow was composed was the
very varying degree in which they respectively developed the different kinds of plants.
In fact, the plots had each so distinctive a character in regard to the prevalence of
different plants that the experimental ground looked almost as much as if it were
devoted to trials with different seeds as with different manures. So striking and charac-
teristic indeed were the effects produced in this respect that in 1857 and 1858 the
subject was considered to be of sufficient interest to induce us to request the examina-
tion of the plots by Professor Henfrey, to which he kindly assented™.

Lawes & Gilbert noted that the ‘character of the herbage’ was fairly uniform
throughout the field at the start of the experiment but that unfortunately little evi-
dence was obtained on the changes that occurred during the first seven years (Lawes,
Gilbert & Masters, 1882). There is, however, some information for the early years.
During the second year (1857) samples of herbage were taken for botanical analyses
from many of the plots but the results were not published. In 1858 samples of herbage
were taken from seven plots, sub-sampled and using specimen plants to aid identifi-
cation a number of boys were set to pick from the weighed sample all they could find
to correspond with the types. This left a large ‘undetermined residue of detached foliage
and undeveloped stems’ which was then separated into four or five different lots. The
separations were supervised by Dr. E. Pugh of Pennsylvania. The percentage contribu-
tion to the air dry (or hay) weight of the different fractions were then calculated (Lawes
& Gilbert, 1859). About 20 species of plants were identified in these analyses; the main
grasses were Lolium and Holcus. Further details are given when the botanical com-
position of individual plots is discussed. In 1862 a complete botanical analysis was
made of all plots and this was repeated at five-year intervals until 1877. By this time the
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method of analysis had improved. Small samples of plant material were taken from each
swath and, after careful mixing of the total sample, a sub-sample was laid out to dry.
Small handfuls were placed in front of each person and separated, as far as possible, into
species; the separations were revised by a superintendent (W. Sutherland in 1862,
R.L. Keenan in 1867, W.B. Hemsley in 1872 and W. Davis in 1877) assisted by J.J.
Willis on each occasion. Part of the undetermined residue was sorted by the superin-
tendent and the remainder “separated into portions of different character by sieves
which facilitated identification of the remaining components. These later stages were,
nevertheless, very tedious and laborious”. The 1862-77 analyses were thus more
exhaustive, and became increasingly so, than the 1858 analyses: this is reflected by the
much larger number of species (c. 50) identified in these later analyses and by the
smaller proportion of unsorted remainder. Some plots were analysed in this way in 1903,
when the four-year liming scheme was introduced, and all plots were analysed in 1914
and in 1919 and during 194849. These were supervised by Dr. W_E. Brenchley, Miss
Grace Bassil (Mrs. R.G. Warren) and Miss Heather Pellant respectively. The method of
sampling in these years was similar to that described previously and is given in detail by
Brenchley & Warington (1958). Many plots were also completely analysed in many
years between 1920 and 1946, with some plots being analysed every year between 1921
and 1935. No analyses were done between 1949 and 1973; during 1973-76 selected
plots, or sub-plots have again been analysed. In addition to the complete botanical
analyses described, partial analyses have also frequently been done on samples from the
plots, when only the three main groups of plants — grasses, legumes and ‘other species’
were separated. Except during 1895-1902, either complete or partial analyses were done
in all years between 1874 and 1948 for plots 3 (unmanured), 7 (PKNaMg) and 9
Visual surveys of the plots also have been made throughout the course of the experi-
ment. Until 1920 the copious notes frequently made of the vegetation were recorded in
the ‘White Books’. These are hand-written detailed records of all agricultural operations
and observations made on the plots. Since 1920 visual surveys of the herbage have been
made twice a year, before the hay is cut in June and in autumn, before the aftermath is
cut. At survey, all species in inflorescence on a plot are noted and ascribed a score, on a
five-point scale, for abundance. A record is also made of the species which are obvious
in the vegetative state. This method of recording grassland is relatively quick and is use-
ful to describe the larger differences between plots and major changes with time for
some species. However, comparisons of the data for hay analyses in 1947, 1948 and

1949 with the corresponding visual surveys which preceded them show that the
abundance score ascribed to a particular species is a poor indicator of the amount (or
contribution to hay weight) of that species (Table 5) since there is a very poor correl-
ation between the two. Visual surveys also, on average, detect many fewer species on
the plots than do botanical analyses of hay samples (Table 6). Furthermore, species like
Agrostis which may be abundant on some plots but do not flower until after the June
survey are inevitably underestimated. Another difficulty is that small differences in time
of survey may greatly affect the apparent relative abundance on plots dominated by two
species which differ in time of heading, e.g. Anthoxanthum and Holcus, and Alopecurus
and Arrhenatherum. Many plots are now dominated by one of these two pairs of
species.

o Botanical analyses of samples of hay from the Park Grass plots were discontinued
after 1949 for several reasons. These included the fact that the plots appeared at that

2.
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time to have reached a relatively stable state, doubts about the relevance of the experi-
ment to the practical problems of modern agriculture as well as the laborious nature of
the work and the development and expansion of other interests within the Botany
department. The experiment did, of course, continue to be of interest to a wide range of
disciplines but the emphasis had shifted from the original agricultural aspects to more
ecological ones.

During recent years there has been a resurgence of interest in the Park Grass plots
over and above their continuing value as a demonstration of how botanical composition
may be changed by fertilisers. The liming scheme introduced in 1965 (Warren, Johnston
& Cooke, 1965) has added a new dimension to the experiment. Apart from plots 13, 18,
19 and 20, this was the first change of treatment since the original liming scheme was
begun more than sixty years previously. As a result of recent lime, changes have occurred
in the botanical composition of many sub-plots; hay analyses were therefore resumed to
assess these changes in greater detail than could be done by visual survey (Williams,
1974). During these analyses it became clear that changes had also occurred on plots
with unchanged treatment and it became desirable to extend the work to analyse some
of those plots not yet in the new liming scheme. In the absence of any recent published
data on the botanical composition of the Park Grass plots it is occasionally assumed by
those not seeing the plots that this has not changed since the last analyses in 1949; less
frequently the large difference in the present day composition of some plots compared
to the 194849 data has been interpreted by those seeing the plots as a measure of the
inaccuracy of those data. In recent years the realisation that old permanent pastures
may often yield as much as sown leys and that bred varieties are not necessarily superior
to locally-adapted indigenous species under all conditions has resulted in renewed
interest and a reappraisal of the agricultural value and ecological requirements of ‘native’
species (e.g. Elliott, Oswald, Allen & Haggar, 1974; Haggar, 1976). There has also been
increased interest in amenity grasslands and the maintenance of floristic diversity (Way,
1969; Duffey, Morris, Sheail, Ward, Wells & Wells, 1974; Lowday & Wells, 1977). The
Park Grass plots provide information relevant to both interests.

Ideally, a thorough appraisal of the vegetation of all the plots would mvolve analysis
of large duplicate or triplicate samples from all sub-plots for about three successive
seasons. With the traditional method of hay analysis such a programme could occupy
about ten people trained in hay analysis about three years. This was clearly not
possible. The approach adopted during the current programme of work was, therefore,
to ask specific questions at the outset.

(1) In 1973 analyses were done to assess the effects on botanical composition of
applying lime between 1965 and 1968 to previously unlimed sub-plots ¢ by comparing
their composition with permanently unlimed sub-plots d.

(2) In 1974 analyses were done to quantify any changes brought about by giving
increased rates of lime to previously limed sub-plots » by comparing them with sub-
plots a (at that time being limed under the old scheme). Additionally, analysis of sub-
plots a was intended to provide a base for the study of any future changes on these
sub-plots when they were brought into the new scheme to raise their pH to 7. This
phase was started in January 1976 but its effects are not investigated here.

(3) In 1975 analyses were made of those plots not yet in the new liming scheme,
i.e. with unchanged treatment, to assess what changes had occurred since the previous
analyses in 1948 and 1949. Additionally, comparisons of sub-plots d in 1973 and z in
1974 with the unlimed and limed halves respectively of the same plots in 194849 also

AN
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give a measure of change during quarter of a century on the parts of the ammonium
sulphate plots which had received unchanged treatment.
(4) To obtain a measure of seasonal variation the unlimed and limed half-plots of
three of the plots sampled in 1975 were again sampled in 1976 together with two sub-
plots sampled in 1974 and one sampled in 1973. It must be stressed, however, that the
weather conditions preceding the 1975 and 1976 hay harvests differed greatly. The
1975 harvest followed an extremely wet period from autumn 1974 until May 1975
but the 1976 harvest was preceded by very dry weather from the summer of 1975 on-
wards. It is also likely that the sub-plots sampled in 1973 and 1974 would still be in a
state of change induced by the new liming scheme when sampled in 1976.
Comparisons of the effects of the treatments on the botanical composition of the
plots at particular dates have, as noted earlier, been made frequently in the past. These
elucidated certain general principles but conclusions from many of the detailed com-
parisons of the percentage composition of the species may inevitably apply only to the
specific conditions (e.g. nutrient status, pH) prevailing at a particular time and need
not necessarily apply throughout the course of the experiment. Moreover, for many
minor components it is not always possible to separate treatment effects, seasonal
effects and sampling error. Too much emphasis cannot therefore be placed on com-
parisons of minor components in particular years nor indeed on the exact magnitude
of difference of more abundant species. Comparisons over a number of years should
give a better measure of differences due to treatment when effects due to season and
sampling error are minimised. Since the major ecological ‘truths’ have been well
established it is now equally important and interesting to ascertain the successional
changes that are occurring on the plots. Less attention has been given to this, partly
because of the difficulty of assembling the vast amount of accumulated data which
extends over 120 years. During the present investigations, however, it became clear
that a realistic interpretation of the present-day flora should take account of past
changes and to this end all previous data have been put together. (See Tables 7 - 45.)
Greater detail is of course available in the original publications; for reasons given
earlier it is, however, doubtful whether these tell us much more about the herbage,
except on the total number of species on a plot.

METHOD OF SAMPLING AND PLOTS AND SUB-PLOTS
SAMPLED DURING 1973-76

Since 1960 tedding the herbage immediately after cutting has left it too fragmented to
use for botanical analysis so the method of sampling used in the past could not be
adopted. In 1973 and 1974 samples were cut by hand every 2-3 paces from the standing
crop about 0.3m to each side of the forage harvester strips (which are cut before the
rest of the crop to estimate yield), and also to each side of the centre strip cut for
access for studies of the soil and surface fauna by the Entomology department in those
years. Four strips are forage harvested on the larger and two on the smaller plots and
this enabled sampling to be done along ten transects on the larger and along six on the
smaller plots. No centre access strips were cut during 1975 and 1976 so that sampling
was done along either eight or four transects. However, the fewer transects in those
years, compared with 1973 and 1974, were partly offset by twice the area being sampled
as half-plots were sampled in 1975 and 1976 but quarter-plots in 1973 and 1974.
Samples were air-dried in a shaded glasshouse and then packed in polythene sheets in
the laboratory and analysed during the winter. Approximately 600 g of hay was

S L
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analysed from each sub- or half-plot.

The plots sampled in the four years were as follows:-

(1) 1973 — sub-plots ¢ and d of plots 1 (N, ), 4* (N,P), 9 (N,PKNaMg), 10
(N,PNaMg), 11' (N3PKNaMg), 11? (N;PKNaMgSi) and 18 (N,KNaMg), i.e
plots receiving N as ammonium sulphate.

(2) 1974 — sub-plots @ and b of plots 42,9, 10, 11" and 117 and also sub-plots 13¢
and 13d (FYM and fish meal).

(3) 1975 — unlimed (U) and limed (L) half-plots of plots 3 (unmanuredl, 7
(PKNaMg), 8 (PNaMG), 14 (N3PKNaMg), 16 (NYPKNaMg) and 17 (N7Y).

(4) 1976 — unlimed (U) and limed (L) half-plots of 3, 7, 14 and sub-plots g, b and
¢ of plot 9.

The dates of sampling in 1973, 1974, 1975 and 1976 were respectively 12, 20,9
and 9 June.

As in 1948 and 1949 about 1-2% of the samples consisted of small detached frag-
ments which were not sorted into species. Although it would have been technically
possible to do so it would have taken too much time. To maintain continuity with past
records the contribution of each species was expressed as a percentage of the total hay
(air dry) weight of the sample. However, yields since 1960 have been based on dry
weight before hay-making and it is possible that the contribution to dry weight may
differ slightly from that to hay weight. Since yields of many plots differ greatly the %
figures have nevertheless been used to calculate the weights of the different species per
unit area to provide a measure of quantitative as well as qualitative difference between
plots (see Tables 39,41, 43 and 45).

The two main aims of this paper — to present recent data on the botanical
composition of some of the main plots and at the same time to trace the major changes
that have occurred on them with time and to report on the effects of the new liming
scheme — are considered separately.

RESULTS

1. CHANGES WITH TIME
A. PLOTS NOT RECEIVING NITROGEN

1. Unmanured plots [3. 12 (since 1856) and 2 (since 1863)]

Although most treatments are neither randomised nor replicated two plots, 3 and
12, at different ends of the field have received no fertiliser from the start. However,
Lawes, Gilbert & Masters (1882) considered plot 3 to be the true ‘control’ plot since
they deduced that soil had in the past been brought in to plot 12 to level this part of
the field. The soil of plot 12 has differed in chemical composition from plot 3 and
yielded more hay for most of the duration of the experiment (Warren & Johnston,
1964). Plot 2 has received no manure since 1863 and so can now also be considered
an unmanured plot.

The botanical composition of Plot 3 in 1858 (Lawes & Gilbert, 1859), is a reason-
able indication of the flora of the whole field at the start of the experiment. About
twenty species of higher plants were identified on the plot in 1858 but during 1862
about fifty species were found “a result no doubt due to the much greater amount of
attention and labour bestowed upon the more recent separations” (Lawes & Gilbert,
1863). During 1877-1903 a decline in the number of species then occurred and between
1910 and 1948 the number of species identified averaged about 37. Thirty species
were found in 1975 and 35 in the 1976 samples, but since the range of variation for
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previous years was from 25 to 41 there is no evidence of any change in the number of
species during the last 30 years.

The relative contributions of grasses, legumes and other species have changed during
the duration of the experiment [Table 7(a)] as well as the composition of the three
main groups themselves (Table 8). Grasses contributed 76% of the yield on plot 3 at
the start and other species less than 20% and these proportions remained unchanged
for about thirty years. Afterwards % grasses decreased, averaging 53%, and other
species increased to about 40%, but seasonal variations have been large. At the same
time yields declined by about 50% so that the net amount of grass greatly decreased
but other species remained much the same. Legumes have ranged from 2 to 19% but
usually 5 to 12% and averaged 7%; they have not changed systematically with time.
The most plentiful grasses at the start were Lolium and Holcus which together contri-
buted about a third of the herbage. Arrhenatherum, Anthoxanthum, Agrostis and
Festuca all contributed at least 5%. Lolium and Arrhenatherum then declined and
since 1877 have not made a significant contribution to yield. Anthoxanthum remained
much the same but Agrostis increased as also did Festuca rubra and these have been
the two main grass species throughout. Festuca rubra has increased markedly since the
last hay analysis in 1949 and grasses now contribute more than 60% to the yield.
Amongst the legumes, Lotus has usually been the main constituent; Lathyrus was not
prevalent during 1975 and 1976 but similar results were obtained in 1938 and 1939.
(Table 8). Although a large number of other species still persists the most significant
change has been a tendency of three species to be dominant within this group. Poter-
ium, present in small amount, and Leontodon, absent at the start, have been abundant
from the beginning of the century. Plantago has also been plentiful throughout but has
fluctuated systematically from only 3% between 1872 and 1914 to about 13% from
then until 1939 and afterwards about 6%. Ranunculus species, 2-5% in the early years
have been less conspicuous since then, but Cenraurea increased from a small amount to
2-10% between 1903 and 1939 but afterwards declined. It is of interest to note that,
although the weather preceding the 1976 harvest was much drier than that preceding
the 1975 harvest, Plantago and Poterium were no more abundant in 1976 than in
1975. This contrasts with results in 1937 and 1938, with similar sequences of weather,
when the % of both species was two-three times greater in 1938 than in 1937.

Plots 2 and 12, not analysed during 1973-76, have also been analysed much less
frequently than plot 3 in the past; in general their botanical composition has been very
similar to that of plot 3 (Tables 9 and 10). One of the main differences is that both
have little Poterium.

Liming on plot 3 initially increased % grasses and decreased % other species, com-
pared with the unlimed half-plot [Table 7(a)] . However, % grasses have declined and %
other species increased with time so that there is now a greater percentage of grass but
a smaller percentage of other species on the unlimed than on the limed half-plot.
Percentage legumes was increased by lime and appeared to increase until about the
mid<40’s. The number of species has been little affected by lime; there has possibly
been a slight increase. Lime soon increased Helictotrichon and Briza and decreased
Agrostis (Table 11). Percentage Briza, although usually greater on the limed than on
the unlimed half-plot, declined from about the mid-20’s onwards and Helictotrichon
has also declined more recently. Festuca, almost as plentiful on the limed as on the
unlimed half-plot until about the mid-20’s, declined more on the limed than on the un-
limed half-plot and it has usually been more plentiful on the unlimed half-plot.

-
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Recently Festuca has also increased on the limed end. Trifolium pratense has increased
since the mid-1930’s. Amongst the other species the same three species have been
abundant as on the unlimed end. However, lime decreased the percentage of all of
them until around 1940. Afterwards % Poterium and Plantago have been greater on
the limed than on the unlimed half-plot and during 1975 and 1976 % Leontodon was
also larger on the limed than on the unlimed half.

Plot 4! (Table 12) which has received P alone since 1859 and has been only infre-
quently analysed was not included in these analyses. It has usually had a smaller %
Agrostis and Poterium, but a larger % legumes and Rumex than the unmanured plots.

2. PKNaMg (Plot 7)

As on plot 3 (unmanured) % grass declined on this plot after the first 25 years or so
and % other species increased slowly from the outset to reach about 30% by the mid-
1940’s [Table 7(a)] . The main difference between this and the unmanured plots in the
three main groups of plants has been a much larger % legumes in most seasons. Even in
the third year legumes, mainly Trifolium pratense, were 23%, but afterwards Lathyrus
has been the main component of this group (Table 13). The 1975 and 1976 analyses
show that, as on plot 3, % grasses have recently increased, % legumes and other species
have decreased. This conclusion, although based on results from two contrasting
seasons, must, nevertheless, remain a tentative one since the recent values are within
the range of variation recorded in the past. Visual surveys, however, during the past
ten years have also suggested a decline in the legumes on this plot.

Dactylis increased on this plot during the beginning of this century (Table 13), and
made a much larger contribution to the yield of this than of the unmanured plot. The
1975 and 1976 analyses showed that it declined between 1948 and these dates but was
still twice as plentiful as on plot 3. Percentage Agrostis and Festuca have usually been
less on this plot than on plot 3 but both have increased tremendously since 1948 so
that about half the herbage here, as on the unmanured plot, now consists of these two
species. In contrast to the unmanured plot, where it has recently decreased, Holcus has
increased on this plot.

The recent decline in legumes has been mainly in Lathyrus; Trifolium pratense has
remained at the same level as in 194748. Achillea and Heracleum have usually been
more prominent here than on the unmanured plot but both now contribute only 1%
or less of the herbage. The large amount of Achillea recorded during 1947 and 1948
did not persist. Poterium and Leontodon, important constituents of the unmanured
plot, are absent or infrequent on this plot but since 1947 Plantago has increased and it
is now as abundant as on the unmanured plot 3. Rumex has been more conspicuous on
this plot than on the unmanured plot, although it has declined greatly on both plots.

On the limed half of this plot grasses have contributed about 60% of the yield but
have ranged from less than 40 to more than 80%, and during 1975 and 1976 were
respectively 48 and 40% [Table 7(a)]. Legumes have also ranged widely, averaging
about 25% and other species, about 12%. There have been no definite trends with time
within the three main groups. However, within the grasses, Arrhenatherum has increased
with time, especially during the last 30 years, and now makes up 30% of the herbage,
but Alopecurus and Dactylis both prominent throughout have decreased during the
same interval as also have Helictotrichon and Trisetum (Table 14). Festuca rubra,
much decreased by lime, further decreased with time so that it now contributes less
than 1% of the herbage. Both Poa species have maintained their contribution. Lathyrus
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although variable between seasons has also probably maintained its contribution and
was abundant in 1976. Trifolium pratense increased from the mid-30’s but 7. repens,
which was then conspicuous, is now infrequent. The most abundant other species are
now Taraxacum, Heracleum and Ranunculus but their % contribution was much larger
in 1975 than in 1976. Heracleum increased about fifteen years after liming but the
increase in Taraxacum has been more recent. Centaurea and Knautia are now less
abundant than in the past.

Plot 15 (Table 15) received 96 kg N ha™ as sodium nitrate until 1875 but since
then it has received the same treatment as Plot 7. Legumes, which were present in only
small amounts when only nitrogen was given, quickly reappeared and were 10% by
1880, almost 20% during the next ten years and about 40% between 1891 and 1900.
The level then decreased somewhat but with large seasonal variations. The reappear-
ance of legumes on this plot was faster than where the same amount of nitrogen as
ammonium sulphate was replaced by PKNaMg (original Plot 6). Plot 15 has had more
Alopecurus and Dactylis than Plot 7 throughout most of the experiment. However,

- strict comparisons between the limed halves of the two plots cannot be made for
particular years since liming started 17 years later on Plot 15 than on Plot 7. As on
Plot 7 liming encouraged Arrhenatherum but Dactylis has usually been less plentiful
on 15 than on 7. Trifolium repens has been more abundant on the limed half of 15
than on 7.

3. PNaMg (Plot 8)

This plot also received K and sawdust during 1856-61 and 1856-62 respectively.
Omitting K had large effects on % legumes and on yield; in most years there has been
20-25% less legume on this plot than on Plot 7 (PKNaMg); the reduction was even
larger in the early years. Recently, because of the decline on Plot 7, % legumes have
been similar on the two plots. Percentage grass has usually been less and other species
much more than on the PKNaMg plot [Table 7(a)] ; there have been more species on
this than on the PK plot but slightly fewer than on the unmanured.

This plot has a smaller percentage of Agrostis than the unmanured and PKNaMg
plot since ¢. 1930; as on those plots Festuca rubra has been plentiful throughout and
although there was some evidence of decline in the late 40’s it had also increased by
the time of the recent analyses (Table 16). Arrhenatherum, although recently declined
has been more prominent than on the unmanured or PK plot, but Dactylis has, except
in 1947 and 1948, been less abundant than on the PK plot. A marked permanent
decline in Lathyrus occurred during the 1920’s and the legumes now consist mainly of
Trifolium and Lotus. Plantago has contributed 10-30% since the beginning of the
century and Leontodon is also prominent and possibly increasing, but A chillea was
much less prominent in 1975 than in 1948.

The botanical composition of the limed half is qualitatively similar to that of the
unlimed half (Table 17). The main difference is that Helictotrichon is much more
abundant with than without lime. As on the unlimed half Arrhenatherum and Dactylis
have recently decreased but Anthoxanthum and Festuca rubra increased and Plantago
and Leontodon are the main other species.

B. PLOTS RECEIVING NITROGEN AS AMMONIUM SULPHATE
Some of the most spectacular treatment effects on Park Grass and some of the
largest changes with time have been due to the acidifying effect of ammonium sul-
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phate. All the unlimed sub-plots of plots given ammonium sulphate are now dominated
by acid-tolerant grasses.

Three plots in this group were omitted from the main experiment in 1964. One of
them (original Plot 6) received N, and sawdust until 1868 and the other two (Plots 5’
and 5?) received N, alone until 1897. The nitrogen dressings, which were very damag-
ing to the herbage, were replaced by PKNaMg on Plot 6 from 1869, PK on Plot 52
from 1898 but not replaced by anything on 5! from 1898, which remained an un-
manured plot until 1964. Details of the botanical composition of these plots are given
by Brenchley & Warington (1958).

1. N, (Plot 1)

Plot 1 received farmyard manure during the first eight years; thus comparisons of
its botanical composition in 1862 with that of Plot 2 (farmyard manure alone 1856-
63) show the effect of a small amount of N in the presence of FYM: the main effect
of the additional nitrogen was to increase Dactylis but slightly decrease Lathyrus.

This plot consisted of about 80% grass in the second year and grasses ranged from
78 to 95% during the next 60 years or so [Table 7(b)] . Legumes, which ranged season-
ally from 0.2 to 3%, were absent from c. 1910 onwards although traces were present
in the early 1940’s. Most of the variation in % grasses was therefore counterbalanced
by variations in other species. Nowadays, % grasses is about 98% and other species
have seldom exceeded 5% during the last thirty years. During the first 20 years
Dactylis and Poa trivialis declined and Agrostis and Anthoxanthum increased (Table

18). Holcus, after apparently declining between the second and sixth year, also
increased. During the 1920’s and 1930’s Anthoxanthum and Holcus were reduced to
very small amounts but Agrostis continued to increase as also did Festuca. The last
two species were co-dominant in 1939 and in 1940 72% of the herbage consisted of
Festuca. By the late 1940’s, however, Agrostis was dominant and has remained so ever
since. The recent analysis in 1973 showed a further decrease in Festuca but a substan-
tial increase in Anthoxanthum.

Liming this plot increased Helictotrichon and Dactylis, and allowed a small amount
of legume to flourish and also many other species, especially Plantago (Table 18).

2. N,KNaMg (Plot 18)

This treatment has been applied to Plot 18 since 1905 following PKNaMgSi and an
amount of N (16 kg) equal to that contained in 1.02 t hay. In the absence of P and
with acid soil conditions Agrostis became dominant on this plot and possibly sooner
than on Plot | although treatment on that plot started in 1863. Dactylis rapidly de-
creased and Festuca more slowly so that there was none of the former and little of the
latter present in 1973 (Table 19). Both light and heavy liming greatly encouraged
Dactylis and continue to do so, and Alopecurus was also increased initially but it
declined during the 30’s and early 40s. As A lopecurus declined Arrhenatherum in-
creased with both light and heavy liming (Table 20).

3. N,P (Plot 4?%)

Festuca rubra has been the most abundant grass on this plot for most of the duration
of the experiment and it was co-dominant with Agrostis in 1949 (Table 21). Agrostis
was abundant from the start and has maintained its contribution. Anthoxanthum
became prominent from the beginning of the century and greatly increased during the
1950’s and 1960’s; it is now dominant (76%) on the unlimed quarter-plot but Festuca
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is infrequent. Alopecurus was the most plentiful grass for about 20 years following
liming; it then decreased and Festuca, which now makes up about half the herbage,
increased. Poa pratensis was also plentiful in 1974.

4. N,PNaMg (Plot 10)

Like the other plots given nitrogen, this plot has also been dominated by grasses
[Table 7(b)] except in the early years and during 1915-1920, when Rumex was
abundant. Dactylis, Helictotrichon, Poa pratensis and Poa trivialis all declined during
or shortly after the first twenty years. Festuca rubra increased during the same time,
but except in 1948, did not make a very large contribution after 1920. The most
important grasses on this plot during the last 40-50 years have been Agrostis, Antho-
xanthum and Holcus and these have competed for dominance. Holcus became dom-
inant probably sometime during the 1920’s and remained so until 1938 but afterwards
it declined greatly; Anthoxanthum and Agrostis together with Holcus made up
90% of the herbage in roughly equal proportionsin 1940. Afterwards Holcus decreased,
Agrostis remained plentiful and Anthoxanthum has been dominant for ten to fifteen
years (Table 22).

Lime not only prevented Alopecurus declining but increased it so that it was
dominant until c. 1940; afterwards its contribution was halved but Festuca rubra
previously 20-30% increased to about 50% during the 1940’s. Recently, Alopecurus

- has decreased further and Arrhenatherum and Anthoxanthum have increased (Table
23).

5. N,PKNaMg (Plot 9)

This plot has been analysed more frequently than any other. By the third year
Holcus and Lolium had doubled their contribution to a total of 69% (Table 24). Both
subsequently decreased, Holcus temporarily, but Lolium was absent after 1903.
Dactylis also declined from about 13% in the 1870’s to less than 1% in the mid-20’s
and Festuca rubra which made a significant contribution until the mid-20’s also later
declined. A rrhenatherum, prominent between 1870 and the mid-20’s was afterwards
much reduced. Between 1900 and 1930 a struggle for dominance occurred between
Agrostis, Anthoxanthum and Holcus; by 1921 they contributed 80% of the herbage
in approximately equal proportions. However, by the mid-20’s Holcus became increas-
ingly ascendant and was dominant from 1930 probably until about 1962. Since then
Anthoxanthum has been dominant on the unlimed sub-plot. Legumes have always
been absent and after the first 60 years other species have rarely contributed much to
the yield of this plot.

Alopecurus and Arrhenatherum have usually dominated the limed half of this plot,
although several other grasses particularly Dactylis, Festuca, Holcus and Poa pratensis
have also made significant contributions (Table 25). Arrhenatherum became prominent
sooner and was twice as abundant as Alopecurus during the first four cycles of the
liming scheme. From the late 1920’s until 1940, except in 1932 and 1933 Alopecurus
contributed about 50% of the hay yield and was usually much more abundant than
Arrhenatherum; it continued to be so during 1947 and 1948 although both species
were much reduced in those years. The evidence available in 1974 and 1976 suggests
that whereas Alopecurus declined further, Arrhenatherum increased and there is now
at least three times as much Arrhenatherum as Alopecurus on this plot. Recently,
Festuca and Poa pratensis have decreased but Holcus increased.
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Small amounts of Lathyrus were present on this plot in most years in the past and
the amount increased during the late 1930’s and 1940s; it is now abundant (Table 25).
As on the limed half of Plot 7 (PKNaMg) the species was unusually abundant during
1976. Before 1940 other species rarely contributed more than 4% to the yield but

since then they have ranged from 4 to 14%, the increase being mainly in Heracleum
and Taraxacum.

6. N3PKNaMg (Plot 11') and N3 PKNaMgSi (Plot 11?)

On Plot 11" (with the largest amount of ammonium sulphate) Alopecurus and
Arrhenatherum increased slowly to reach about 30% in 1903 and 1919 respectively.
Both species then declined to very small amounts. Percentage Dactylis doubled during
the first ten years, then decreased to its original level between 15 and 20 years and
then virtually disappeared. Neither Poa species, both about 10% at the start, persisted.
Neither Lolium nor Holcus were as much encouraged in the early years as on Plot 9,
with a smaller amount of N. In fact, Holcus declined during the early years, but then
increased greatly as Alopecurus and Arrhenatherum declined. It has been dominant on
this plot since c. 1910 (Table 26). Agrostis, encouraged during the early years, has not
persisted on this plot to the same extent as on the plots receiving N, . Anthoxanthum
has been present in only small amounts; in 1973 it made up 5% of the herbage and
appears to be increasing. Except during the early years, or in exceptional seasons, only
small amounts of other species have occurred on this plot. The botanical composition
of Plot 112, which receives Si as well, has been similar to 11" except that Holcus
probably became completely dominant later. Alopecurus contributed 30% to the yield
of this plot in 1919 whereas it had declined to 1% on 11" by 1914. Arrhenatherum
also persisted for longer on 112 than on 11" (Table 27).

As on the plot receiving N, (96 kg N ha™') and PKNaMg, Alopecurus and Arrhena-
therum are the most abundant grasses on the limed end of these plots. Without silica
(Plot 11') Alopecurus and Arrhenatherum were equally abundant in 1914, 11 years
after the start of liming. Alopecurus then increased and Arrhenatherum decreased
markedly. Afterwards Alopecurus decreased and Arrhenatherum increased so that they
were again present in roughly equal proportions in 1974. On 112 Alopecurus was
twice as abundant as Arrhenatherum in 1914 and a similar sequence of events occurred
but on a different scale so that in 1964 there was almost twice as much Arrhena-
therum as Alopecurus. There has, for most of the time, been more Dactylis on 112
than on 11'. Although Poa pratensis has declined Poa trivialis has increased. A large
increase in Holcus has occurred on both plots since the 1947 and 1949 analyses.
Taraxacum established on these plots during the 1940’s and since then Anthriscus,
Heracleum and Rumex have increased slightly.

C. PLOTS RECEIVING NITROGEN AS SODIUM NITRATE

These plots were started in 1858. Plot 15 (already discussed) which has received
PKNaMg since 1876, received 96 kg N ha™ as sodium nitrate annually between 1858
and 1875.

1. N; (Plot 17)

The botanical composition of this plot contrasts strongly with that of Plot 1, which
receives the same amount of nitrogen, but as ammonium sulphate. Grasses have usually
contributed about 70% and other species 30% to the yield of plot 17 but legumes only
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a trace [Table 7(c)]. About 30 species of plants occur on this plot. There has, with the
possible exception of Anthoxanthum, been no large or permanent increase in the acid-
tolerant species: the plot now has less Holcus than in the past and there is less Agrostis
than at the outset (Table 28). Alopecurus contributed almost a quarter of the yield at
the start and also in 1976 but about 10% less than this in most of the intervening years.
Dactylis increased during the first decade of the century and was abundant from 1925
to 1949 but declined sometime between that time and 1975, when it was 5%. Festuca
rubra has been the other main grass. A small amount of Lolium has persisted on this
plot. There have been few legumes. Plantago has been the main other species through-
out. Leontodon increased at the beginning of the century and was 4% in 1975 as also
was Ranunculus.

The vegetation on the limed half of this plot (Table 29) has been relatively stable
although Festuca has decreased recently. A larger percentage of Lolium was recorded
on this plot than on any other plot in recent years and more Trifolium pratense was
also present than in the past. As on the unlimed half plot Plantago and Leontodon are
the main other species.

2. N;PKNaMg (Plot 16)

About 80-90% of this plot consists of grass. Legumes have been variable ranging
from about 2 to more than 10% and other species about 10% [Table 7(c)]. The plot
now has about 20 species. Festuca, Helictotrichon, Holcus and Trisetum, all prominent
during the early years, afterwards declined. A lopecurus increased greatly during the
first 60 years and was 51% in 1919; it then declined and was 29% in 1975. At the same
time Arrhenatherum increased so that the two species are now co-dominant (Table 30).

On the limed half of this plot Arrhenatherum increased much as on the unlimed
half. Alopecurus which was equally abundant on both half-plots in 1914 afterwards
declined earlier and to a greater extent on the limed half so that it was only 4% in
1975 (Table 30). Festuca and Helictotrichon were much reduced in 1975 compared to
1949. The main recent change in other species on the limed half has been a very large
increase in Heracleum. Ranunculus and Taraxacum have also increased.

3. N,PKNaMg (Plot 14)

This plot has had a large percentage of grass and usually has less legume and other
species than Plot 16 [Table 7(c)] . It has also had slightly fewer species.

As with the smaller amount of sodium nitrate Alopecurus quickly increased and as
on that plot was 50% of the herbage in 1919. It remained at a high level (35-62%)
during the next 20 years, declined to c. 30% during the late 1940’s but had increased
slightly again by 1975 and 1976. Arrhenatherum established sooner and had in fact
reached 41% on this plot before starting to increase on Plot 16 (N; PKNaMg); it has
been co-dominant with Alopecurus especially since the late 1940’s. The amounts of
Anthriscus and Taraxacum have fluctuated throughout the course of the experiment
(Table 31).

Liming this plot more than halved % A4 lopecurus from about the fourth year on-
wards but increased % Arrhenatherum from the fifth year onwards (Table 32). The
amount of Alopecurus was further reduced in the 1940’s. Dactylis has decreased as
also has Festuca rubra, and Anthriscus and Taraxacum have fluctuated as on the
unlimed half. Details of the differences between the botanical composition of parts of
the plot in the sun and in the shade are outlined by Brenchley & Warington (1958) —
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in general Dactylis and Arrhenatherum were less but Festuca rubra much more abund-
ant in the shade than in the sun.

D. PLOTS RECEIVING ORGANIC MANURES

None of the plots now receiving farmyard manure (FYM) have the treatment
dating back beyond 1905. Plot 13 which has received FYM and fish meal alternately
once every four years since 1905 received N, (as ammonium sulphate) and PKNaMg
between 1856 and 1904 and straw until 1897. Plot 19 which has FYM once every four
years received N, (as sodium nitrate) and PK between 1872 and 1904. Plot 20 which
also received N, (N as potassium nitrate and PK) during the same period also now
receives FYM every fourth year but also N (30 kg ha™ as nitrate of soda), P (15 kg
ha™ as superphosphate) and K (45 kgha™ as sulphate of potash) in intervening years.

Plot 13 was included in the liming scheme of 1903 and is now in the new one.
Plots 19 and 20 (like 18) were divided in 1920 into lightly, heavily and unlimed thirds
to test two laboratory methods for measuring the lime requirement of soils. (Warren &
Johnston, 1964). They are not included in the new liming scheme and were not
analysed during 1973-76. They were, however, unlike the plots in the main liming
scheme, analysed in the years immediately after liming and so provide evidence of the
rate of change in different constituents after liming, not available from any other
plots. For this reason past results for these two plots are also included (see also
Brenchley, 1925 and 1930).

1. FYM and fish meal (Plot 13)

The main species on the unlimed end of this plot has for most of the time been
Alopecurus. 1t increased until the mid40’s to ¢c. 50%, then declined to 16% in 1974.
Agrostis increased in the mid40’s and was twice as abundant as 4lopecurus in 1973
and Holcus has increased markedly since 1949 (Table 33).

Alopecurus was increased by lime in 1919 but then declined to less than on the
unlimed half. Arrhenatherum was also increased by lime in 1914 but then declined
before increasing to become the most plentiful grass in 1948. Although lime had only
small effects on Dactylis in the early years it greatly increased it during 194648 so
that it contributed more than 20% in those years. With lime Agrostis, Anthoxanthum
and Festuca are infrequent and Holcus now much reduced. Legumes, although variable
between seasons were plentiful on the limed half. Plantago has been the main other
species, although it was much reduced on the unlimed half in 1974 (Table 33).

2. FYM every fourth year (Plot 19)

Although Alopecurus was slightly more prominent than most other species it
declined during the 30s and for most of the time there has been no single dominant.
Legumes have been plentiful but variable, and although Plantago was the main other
species during 1946-48 there was also much Ranunculus and A chillea (Table 34).

Lime had little effect on Alopecurus until the ninth year when low lime increased
but high lime decreased it (Table 35). Afterwards during 1946-48 both amounts of
lime increased Alopecurus. The effects of lime on Dactylis depended upon the season:
in many years there was little effect but in others there were large (and similar)
increases with both amounts of lime. Festuca rubra, little affected at the start, was
usually decreased by lime although high lime increased it during the eighth and ninth
years. High lime decreased Agrostis from the fifth year onwards but low lime had little
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effect during the first 20 years.

Liming, especially the larger amount, decreascd Anthoxanthum and Holcus but
increased Helictotrichon and Trisetum. The amount of legume, although somewhat
increased by lime, has been more dependent upon season than upon the liming
treatment. The main other species have been Plantago, Ranunculus and Achillea.
Neither % Plantago nor the time of its increase have been affected by lime, Achillea
was little affected by low lime and decreased by high lime whereas Ranunculus was
increased by low lime but decreased by high lime.

3. FYM once every four years with NPK in other years (Plot 20)

As on Plot 19 (FYM alone), Alopecurus has tended to be the main grass species on
this plot but Dactylis and Arrhenatherum have also been prominent (Table 36). In
contrast to Plot 19, where it declined during the 1940°s Alopecurus remained at a high
level on this plot. Although lime, especially the larger amount, increased % Alopecurus
until 1925, it afterwards decreased it. In contrast, Arrhenatherum was decreased by
both amounts of lime during the first three years; afterwards the smaller amount
increased it but there was no increase with the larger amount until 1946-48. The effect
of lime on Dactylis was small and somewhat erratic, and the larger amount tended to
decrease it. Poa pratensis was decreased by the smaller but increased by the larger
amount of lime though Poa trivialis was increased by both amounts. Helictotrichon has
declined on all sub-plots of Plot 20; it was decreased by low lime at the start but then
increased though high lime increased it throughout. In contrast Trisetum, decreased by
both rates of lime at the start, was afterwards little affected. Both rates of lime
decreased Agrostis but not Holcus. Lathyrus has varied greatly with season and has
been increased by high lime throughout (Table 37).

Plantago, prominent in the late 40’s was increased by both amounts of lime but
Achillea little affected by low lime was increased by high lime. Taraxacum was also
increased by lime.

2. CHANGES INDUCED BY THE NEW LIMING SCHEME
A. EFFECTS OF APPLICATIONS OF LIME BETWEEN 1965 AND 1968 ON THE

BOTANICAL COMPOSITION OF PREVIOUSLY UNLIMED SUB-PLOTS ¢

COMPARED WITH THAT OF SUB-PLOTS d (CONTINUOUSLY UNLIMED)

OF PLOTS GIVEN AMMONIUM SULPHATE ie. 1,4%,9,10,11', 11> AND

18 AND OF 13 (FYM AND FISH MEAL)

To assess the effects of fresh applications of lime to previously unlimed sub-plots
¢, samples of herbage were taken for botanical analyses in 1973 from the relevant
sub-plots and also from the corresponding permanently unlimed sub-plots d of the
same plots. Although the plots were not sampled for botanical composition prior
to the introduction of the new scheme in 1965, visual survey showed no changes
in the flora of sub-plots d between 1965 and 1973. Since these sub-plots are
dominated by single species, the botanical compositions of sub-plots d in 1973 may
be taken as a measure of the composition of both d and ¢ (i.e. the unlimed half-plot)
at the start of the new liming scheme.

Since liming affected total dry matter yield at hay making as well as botanical
composition, results are expressed not only qualitatively as % composition of hay
but also quantitatively as amounts ha™' as explained in the Introduction.
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1. Plots 1 (N,)and 18 (N,KNaMg)

The unlimed sub-plots of both plots 1 and 18 were dominated by Agrostis at the
start of the new liming scheme and sub-plot d of both plots had more than 80%
Agrostis in 1973. By 1973, 12.5 and 10 t ha ! of calcium carbonate had decreased
this species from 84 to 20% on 1c¢ and from 83 to 52% on 18c (Table 38).
Anthoxanthum, which contributed ¢.10% on 1 and 20% on 18, was less affected.

The most obvious changes were extremely large increases in % Festuca rubra on
both plots (from 3 to 50% on 1 and from 0.1 to 14% on 18) and the introduction
or increase of a large number of other species including Cerastium, Plantago, Rumex
and Taraxacum on both plots. Lathyrus and Trifolium also established on both
plots but in greater amount on 1 than on 18, Lathyrus having spread inwards from
adjacent Plot 14.

Since liming increased the yield of ¢ relative to d approximately threefold on
both plots in 1973, the effects on the amount of species per unit area of land
(Table 39) differed from those on percentage composition (Table 38). For example, the
large reduction in % Agrostis on 1c compared to 1d was largely offset by the increase -
in yield and on 18c the relatively smaller decrease in % Agrostis was more than
counterbalanced by the increased yield so that there was almost twice as much
Agrostis on 18¢ as on 18d. On the other hand, increases in % composition of particular
species e.g. Festuca were greatly accentuated by the yield increases.

2. Plots 4* (N, P), 10 (N,PNaMg) and 9 (N, PKNaMg)

The unlimed half-plots of these three plots were dominated by Anthoxanthum
at the start of the new liming scheme in 1965 and the unlimed sub-plots d continue
to be so (Table 38). About 20 t ha ' of chalk, applied to these sub-plots between
1965 and 1968, decreased % Anthoxanthum from more than 70% to between 5
and 11%. The yield of hay was at the same time increased by at least 50% but the
reduction in the amount of Anthoxanthum was nevertheless at least 80% (Table 39).
In contrast to Anthoxanthum and to Agrostis in the previously discussed plots, %
Agrostis on these plots was less affected by liming. However, on Plot 10¢ the
combined effect of a small increase in % Agrostis and the 50% increase in total yield
resulted in a large increase in the amount of this species. Liming allowed a range of
grasses to increase or to establish. On Plots 4% ¢ and 10c, in the absence of potash,
Festuca rubra increased greatly to form about half and a quarter of the total yield
respectively; on 9¢ which receives potash, Festuca increased much less and formed
only 3% of the total yield. Holcus increased greatly on 9c and 10c and Poa pratensis
increased on all three sub-plots.

There was some evidence that Holcus increased further between 1973 and 1976 on
9c¢ as also did Arrhenatherum (Tables 44 and 45). Only on 9¢ did legumes and appreci-
able amounts of other species establish.

3. Plots 11" (N;PKNaMg) and 117 (N;PKNaMgSi)

The unlimed half plots of 11" and 11? were dominated by Holcus in 1965 and sub-
plots d, permanently unlimed, continue to be so. Twenty t ha ! of chalk, applied
between 1965 and 1968 have resulted in very similar changes in the botanical com-
position of both sub-plots. Percentage Holcus was decreased from 96 to 34% (Table 38)
and the weight was, on average, halved (Table 39). o

In 1973 Arrhenatherum contributed about 30%, Poa pratensis 12%, Alopecurus 8%

BR
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and Dactylis 6% on sub-plots ¢ but were absent on sub-plots d. No legumes were present
in the samples from either plot in 1973 although visual survey had indicated that a few
plants of Trifolium pratense were present on 11%¢ between 1966 and 1969. Liming

allowed small amounts of Anthriscus, Cerastium, Heracleum, Rumex and Taraxacum to
establish.

4. Plot 13 (FYM and fish meal)

The main effect of lime on this sub-plot has been to increase Arrhenatherum and the
legumes, Lathyrus and Trifolium pratense and to decrease Agrostis and Holcus. Lime
also appeared to have relatively large effects on some of the other species but since

their individual contribution rarely exceeded 1% confirmation of the changes would be
needed in other years. (Tables 38 and 39).

B. EFFECTS OF INCREASED APPLICATIONS OF LIME BETWEEN 1965 AND
1968 ON THE BOTANICAL COMPOSITION OF SUB-PLOTS b (WHOSE pH IS
BEING RAISED TO 6) COMPARED WITH THAT OF SUB-PLOTS a (LIMED
ONCE EVERY FOUR YEARS UNDER THE OLD SCHEME TO MAINTAIN
pH AS IN 1965) OF PLOTS 42,9, 10, 11" and 11%.

As mught be expected, increasing the rate of liming on previously limed sub-plots has
effected fewer changes in botancial composition than liming sub-plots previously
unlimed.

On plots 42 b and 10b whose pH was previously more than 5.5, only 3.7 t ha™ of
calcium carbonate were needed to raise the pH to 6 and this caused few changes in
botanical composition. The only significant change was a large increase in both
percentage and weight of Helictotrichon on 4% b. Both Plantago and Rumex appeared
to be increased by increased lime on 42b but not on 10b (Tables 40 and 41).

Sub-plot 9b was slightly more acid than 425 and 10band was given twice as much
lime (7.5 t ha' ') to increase the pH to 6. The main effects of this in 1974 were to halve
the % (Table 40) and weight (Table 41) of Alopecurus and to increase the legumes,
particularly Lathyrus. Sub-plots 92 and 9b were again analysed in 1976. It is likely,
however, that sub-plot b would still be in a state of change and sub-plot 9a received
14 t ha'! of chalk in 1976 under the second phase of the new scheme, It is, therefore,
not possible to determine how much of the difference in the results between 1974 and
1976 is due to season or treatment. In general, total yield was less, grasses particularly
Arrhenatherum contributed less but legumes and other species relatively more in 1976
than in 1974. The 1976 analyses like 1974 showed more Anthoxanthum, Festuca rubra
legumes and Taraxacum but less Poa trivialis on sub-plot b than on ¢. On the other
hand, results for Dactylis, Poa pratensis and Anthriscus were in 1976 opposite to those
in 1974.

The largest effects of increased rates of lime were on 11' b, which received 25 t ha™
of chalk and whose pH was only 4.2 at the outset, and on 11%b, which received 15 t
ha ! of chalk and whose pH was 4.7. The increased amounts of lime on these sub-
plots almost halved Alopecurus but increased Arrhenatherum, particularly on 11",
Holcus, however, which had become plentiful in recent years, especially on 11", was
markedly decreased. Small amounts of Lathyrus were found in samples from both a

and b sub-plots of plots 11" and 112 in 1974. Anthriscus and Heracleum were
increased by the increased rates of liming.

AL
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3. COMPARISON OF THE BOTANICAL COMPOSITION OF PLOTS 3,7 AND 14
IN 1975 AND 1976
(Tables 42, 43, 44 and 45)

The present botanical composition of these plots has already been discussed when
successional changes were presented and the very different weather conditions pre-
ceding the 1975 and 1976 harvests have also been emphasised.

There was nevertheless good agreement between the results for the two seasons
especially for the major components on the plots. For example, on the unlimed half of
Plot 3 (Unmanured), Festuca rubra contributed 32-33% in both seasons and Agrostis
on the unlimed half of Plot 7 (PKNaMg) was 29 and 31% in 1975 and 1976 respect-
ively. Also on the unlimed half of 14 (N, *PKNaMg) Arrhenatherum and Alopecurus
were co-dominant but on the limed half Arrhenatherum was dominant in both 1975
and 1976. The unlimed half of Plot 7 consisted of 30% Arrhenatherum in 1975 and
although only partial analysis was done in 1976 (Table 44) about three-quarters of the
grass fraction (40%) appeared to consist of Arrhenatherum in that year.

There were also some differences between seasons. The most significant of these
was the increase in % other species on the limed half (L) of Plot 3 and the large
increase in % legumes on the limed half of Plot 7 in 1976 compared with 1975. The
increase in other species on 3L in 1976 was mainly at the expense of the grasses but
the increase in legumes on 7L was accompanied by a decrease in other species so
evidently the drought induced different reactions in different communities. Particular
species e.g. Hypochaeris and Leontodon were much encouraged in 1976; Dactylis and

Lolium also appeared more abundant than usual and Arrhenatherum was more plentiful
on 14L in 1976 than in 1975.

DISCUSSION AND CONCLUSIONS

CHANGES WITH TIME

As pointed out in the Introduction the present analyses were initiated to quantify
the changes in botanical composition on those sub-plots which had received new or in-
creased rates of lime under the new liming scheme. The analyses were then extended to
include plots with unchanged treatment to assess whether and how much they had
changed since the previous hay analyses during 1948 and 1949. At the same time it
became clear that a better appraisal of the present-day flora would be achieved by con-
sidering it not only in relation to changes in the immediate past but also in relation to
the main changes on the plots throughout the duration of the experiment. The scope of the
work was, therefore, widened from a presentation of the results of the 1973-1976
analyses to include also a review of past results. However, because of the large amount of
accumulated data the results section dealt only with those changes which were deemed
large enough or to have continued for long enough to be obviously ‘significant’. It is
likely that other changes have occurred especially in minor components which the
method of analysis was not sensitive enough to detect. Plot yields have changed (usually
decreased) slowly with time but except in the early (1862-77) and late (1973-76)
analyses the amounts of species per unit area of land were not calculated: in view of the
yield changes it is possible that over a period of time the changes in the amount of
species might be somewhat greater or smaller than the percentage figures suggest.
Although percentage composition can be compared throughout, because of the change

9.
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in the method of estimating yield (hay before 1960 but dry weight since then) the
absolute amount of species after 1960 cannot be compared with that before that date.

With the introduction of the four-year liming scheme in 1903 and the new liming
scheme on some plots in 1965 the parts of the plots with unchanged treatment have
become progressively smaller; thus for the ammonium sulphate plots the continuously
unlimed section is now only a quarter of that during the first 47 years and on other
plots half that at the outset. Nevertheless, despite the smaller area, because of the large
differences between treatments and the length of time they have continued, it is possible
to ascertain what successional changes are occurring. _

Although many of the major differences between plots were established in the early
years and have persisted throughout the duration of the experiment the dynamic nature
of the vegetation on the plots has also long been recognised. Commenting on the 1858
results, particularly on the proportion of Lolium in the samples, Lawes and Gilbert
(1859) stressed that “it must not be supposed that figures which represent the pro-
portion of flowering and seeding stem of a certain plant at a given period of the season
are at the same time accurate indications of the relative development of the total plant
under all the conditions in question. It must be borne in mind that the numerous plants
which constitute the complex herbage of our meadows have each their natural period of
flowering and seeding. It must be remembered that by cutting time some plants are
grown up and disappeared whilst others may escape the scythe. Plants may be present
in diminished numbers or in such limited growth that they are not obvious at all times
when observations are made and still less are they found in the samples. When circum-
stances become favourable again they re-appear”. Brenchley (1937) also pointed out
“that the botanical composition of the herbage of any particular area of grassland is by
no means static, but is in a constant flux, varying not only from year to year, but also
from one season of year to another. This is true even when the treatment of these
plants is the same for many years”. Apart from these short-term variations between and
within seasons, the available evidence, including that from recent analyses, shows that
long-term changes are also occurring on most plots. That is, botanical composition
continues to change systematically despite unchanging treatment. The extent, rate and
direction of the changes, however, vary between treatments. On some plots definite
increases or decreases in certain components have occurred during the last 30 years, on
others a complete change in dominant species has occurred, on others the changes have
been cyclical such that the present-day botanical composition more closely resembles
that sixty than thirty years ago and on yet others few changes have occurred in the
dominant species although changes may have occurred in more minor components. The
fact that groups of plots are behaving similarly confirms that the changes are genuine,
and not haphazard.

The unlimed halves of the unmanured plot (3) and of those receiving PKNaMg (7) or
PNaMg (8) had much more Festuca rubra during 1975 and 1976 than they had during
1948 and 1949. On the unmanured plot the 32% recorded was larger than any in the
past although the species exceeded 20% during 1872-1903; on the other two plots
similar or larger values were recorded in the past but not since 1935 on 7 (PKNaMg)
and 1941 on 8 (PNaMg). On the limed halves of the unmanured and PNaMg plots there
was also much more Festuca during 1975 and 1976 than during 1947 and 1948 but on
the PKNaMg plot only small amounts were present, as previously. It is unlikely that
these increases were merely seasonal since there was good agreement between the two
contrasting seasons. On Plots 3 and 7, % grasses also appears to have increased

10.
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recently. Some of these changes could be explained by the plots becoming more acid
but this possibility is ruled out by the fact that recent analyses (Table 3) have shown
the pH on these plots to be largely unchanged since 1959. Dactylis has also decreased
generally in this group of plots except possibly on the PNaMg plot, where it has always
been very infrequent and Helictotrichon and Rumex have also decreased. However,
not all changes have been similar : whereas Holcus has decreased on the unmanured
plot, especially on the unlimed half, it has increased greatly on the other two plots.

The unlimed halves (or quarter-plots since 1965) of all plots given the intermediate
amount of ammonium sulphate, except the one not given phosphate, have become
dominated by Anthoxanthum since the last analyses in 1948 and 1949. Visual survey
suggests that they became so during the late S0’s and early 60’s. Even on the plots not
given phosphate (Plot 1 (N ) and Plot 18 (N, KNaMg) the amount of Anthoxanthumn
has increased substantially. On these plots however, a similar precentage of
Anthoxanthum has occurred in the past: on Plot 1 Anthoxanthum increased to about
15% and remained at that level until after 1919 and then declined, but on Plot 18 only
in one other year (1920) was as much Anthoxanthum recorded as in 1973. However,
since past records and present analyses show much seasonal variation in this species
further analyses would be required to ascertain whether the increases on these two
plots are transient or permanent. Also, although Anthoxanthum has evidently
dominated the unlimed halves and later sub-plots d of Plots 4%, 9 and 10 for the last
10-15 years, it is not clear whether the proportion (70%) now on the plots represents an
equilibrium position with Agrostis or whether the species is still increasing to a com-
pletely dominant position as Holcus has done on Plots 11" and 112. Further analyses
in 5-10 years time would be needed to assess this.

Most of the plots now dominated by Arrhenatherum and Alopecurus have shown
systematic variations in these components in the past. On the limed halves of Plot 9
(N,PKNaMg) and 11' (N3PKNaMg) where Arrhenatherum is now dominant or co-
dominant with Alopecurus respectively, the relative proportions of the two species in
1974 and 1976 more closely approximated to those in 1914 (ten years after the start of
the main liming scheme) than they did in most of the intervening years, when Alope-
curus was dominant. As on Plot 9, Arrhenatherum is also now dominant on 112, A
decline in Alopecurus also occurred during the 1930s and 1940s on plots given FYM,
especially on the unlimed and lightly limed sub-plots of Plot 19 which did not receive
inorganic fertilisers. In contrast on Plot 20, which received NPK as well as FYM, there
was less decline in Alopecurus and this did not occur on the unlimed sub-plot. On Plot
18 (N, PNaMg), which lacks K, a very pronounced decline in 4 lopecurus occurred on
both lightly and heavily limed sub-plots.

Amongst the half-plots that have shown little change during the last fifty years or so
are those unlimed and given the largest amount of ammonium sulphate and PKNaMg
(Plots 11" and 11?) which are dominated by Holcus. The unlimed and limed half-plots
of Plot 14 (N, as sodium nitrate) and 7 (PKNaMg), which are dominated by Alopecurus
and Arrhenatherum respectively, have also been relatively stable although some decline
in Dactylis has occurred recently compared to the level during the 1940s. It will be of
great interest to see whether these plots remain stable in the future: in particular,
whether Anthoxanthum which has appeared to increase on 11'd since the 1973 analysis
will continue to do so.

[OR
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CHANGES WITH LIME

Comparison of treatments and discussion of the effects of lime under the main
schemes have, as mentioned earlier, been made several times in the past. The present
analyses were not undertaken primarily to provide further evidence of these differences,
and since only a limited number of plots were analysed in any one year, the results do
not lend themselves readily to valid detailed comparisons of all treatments. It is, how-
ever, apparent in view of the many long-term changes already noted on some plots and
relative stability on others, that differences between treatments will also be affected.
However, such detailed comparisons would probably be applicable only to the part-
icular site in question whereas a study of succession within particular types of com-
munities would be expected to be more widely applicable. Except on the plots given
sodium nitrate, the effects of lime are very pronounced but the differences between
unlimed and limed half-plots are often not much greater than those which have
occurred with time on the unlimed half-plots as they have become gradually more acid.
For example, the botanical composition of the unlimed half of Plot 11! in 1903 was
qualitiatively similar to that of the limed sub-plots  in 1974.

In so far as comparison is possible the effects of lime under the new scheme,
particularly where it has been applied to previously unlimed sub-plots, have appeared
in general larger than the effects in 1914 of lime applied under the old scheme in 1903
and 1907. The reason for this is that between that time and 1965, when the new
scheme was started, the unlimed halves of the plots in question became progressively
more acid; this was reflected in their botanical composition : whereas a wide range of
species were present in 1903, in 1965 the unlimed sub-plots were dominated by single
acid-tolerant grasses. The initial effect of lime applied in 1903 was to encourage or
discourage differentially species already present but lime applied under the new
scheme also allowed species which were absent at the time or present in extremely
small amounts to be introduced or to increase on the newly-limed sub-plots. The
increase in pH also at the same time caused a marked reduction in the dominant species.
One of the effects of fresh lime during 1965-68 was to allow re-introduction of species -
previously present on the plots before they became so acid. For example, Festuca,
much increased on lc¢, was very abundant on Plot 1 unlimed during 1939 and 1940, the
composition of 18¢ in 1973 resembled that of the unlimed sub-plot in 1923, 4%¢ in
1973 probably resembled that of the unlimed half during the 1920s (it was not
analysed between 1914 and 1949), 10¢ that of 10 unlimed in 1948, 9¢ that of 9 un-
limed during 1926 and 1927, 11 ¢ that of 11" unlimed in 1903 and 11%¢ that of 112
unlimed during the first ten years of the century. This provides further evidence that
the effects of lime have not been much greater than changes which have occurred
naturally with time. This was also so on sub-plots given increased rates of lime. The
effect of lime on these plots was to accentuate the trends already occurring with time:
the decline of Alopecurus already occurring since 1948 was increased by increased
rates of lime. It is likely, however, that sub-plots which have received lime under the
new scheme are still in a state of change, albeit a slower one than during the first seven
years. Brenchley (1937), describing the effects of lime, states “that the initial effect
may be accentuated with time until a certain position” (presumably of relative
stability) “is reached as far as effect of liming is concerned, although seasonal con-
ditions will still cause fluctuations in the normal way”.

In general, lime in the new scheme has shown that under acid conditions relatively
small changes in soil pH (Thurston, Williams & Johnston, 1976) in the uppermost soil
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layers may bring about fairly large changes in the botanical composition. For example,
the changes in botanical composition on Plot 18¢ were associated with only 0.2 pH unit
increase in the uppermost 7.5 c¢m of soil in 1971, although the pH of the ‘mat’ of
partially decomposed organic matter was raised from 3.9 to 6.3 (Johnston, 1972). The
effects of recent lime on the botanical composition of the swards has, in general, been
more consistent than on yield since it has been less subject to seasonal variations. Also,
although in 1973 recent lime on 11" increased yield of sub-plot ¢ compared to d by
only about 20%, but by as much as 70% on 112, changes in botanical composition
were similar. The reduction in the acid-tolerant grasses and replacement by other
species was accompanied by large increases in yield, especially at the first cut on sub-
plot ¢. However, changes in the proportion of grasses already present e.g. on sub-plot

112 b had little effect on yield, although pH was raised from 4.7 to ¢.6.0 in the upper-
most 22.5 cm.

Although the unlimed sub-plots of plots 42,9 and 10 were very similar, consisting of
¢.70% Anthoxanthum, and although this was decreased to 5-10% by lime, the species
was replaced by different amounts of different species on the different sub-plots. On 4%¢
Anthoxanthum was replaced mainly by Festuca rubra on 9¢ by Holcus and on 10c¢ by
both. It is clear therefore that a prediction of the effects of lime entails not only know-
ledge of the existing flora and extent of pH change but also previous fertiliser application
or nutrient status of the soil as well as the proximity of other species. The presence of
Festuca rubra on K-deficient soil in the pH range 4.7-5.5 on the Park Grass plots con-
firms this association on other soils and under other management conditions (e.g.

Castle & Holmes, 1960; Murphy, 1960; Heddle, 1967; Smith, Elston & Bunting, 1975;
Arnold, Hunter & Gonzalez-Fernandez, 1976). The relatively small effect of lime under
the new scheme on % Agrostis on plots receiving N, is similar to the effects at the start
of light lime on Plot 19, where there was also no reduction during the first 8 years
although there were large reductions later. It is, however, not clear why lime should
mczrease the amount of Holcus on sub-plots 9¢ and 10c whilst decreasing it on 11" ¢ and
il'e

It is now abundantly clear that, although some species are plentlful in very acid
conditions whilst others are absent, great caution needs to be exercised in categorising
species simply into those that are discouraged or encouraged by liming. The distribution
of species is influenced by the relative preferences and tolerances of other species and
also the influence of lime depends on the pH range and extent of change and on what
other nutrients are applied. For example, although Holcus dominates the unlimed acid
sub-plots of 11" and 11? this may not be because it prefers acid conditions per se but
because it is better able to survive and is not subjected to competition from other species
in such conditions. There have been some instances, as already noted, where the amount
of Holcus has been increased by lime on Park Grass. Similarly, Rumex, which may
appear to prefer acid conditions, also grows well on limed soils but is subject to
increased competition there (Brenchley, 1935).

ASSOCIATION BETWEEN BOTANICAL COMPOSITION AND YIELD
Although the experiment was set up as an agricultural investigation and the

treatments induced large changes in yield these were soon associated with

conspicuous changes in botanical composition. However, the fact that complete

fertilisers (N3 PK) increased yield three-fold even in the first year suggests

that this was achieved by the response of species already present at the outset,
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since it is unlikely that large changes would have occurred in the botanical
composition during the first year. As the unmanured plot became increasingly
impoverished, Lolium and Holcus decreased to very minor components and
Agrostis and Festuca became the main grasses; other species have been
abundant. It is possible that through growing slowly the species may make
small demands on the environment and/or that they may be very efficient in
the use of mineral nutrients. The presence of large numbers of low-growing
dicotyledonous species may also be a form of adaptation to the fertiliser and
management regime — only a small part of this vegetation would be removed during
harvest, perhaps enabling nutrients to be conserved and recycled within the
community.

The larger yield on the plot given PKNaMg than on the unmanured plot has for
most of the time been associated with more Dactylis and legumes and the still larger
yield on the limed half of this plot, with even more vigorous growth of Lathyrus
and also Arrhenatherum and Alopecurus. However, when yields of hay in individual
years between 1900-1950 are plotted against % legumes in those years on both
unlimed and limed half plots there appears to be no correlation between yield and
legume content. Brenchley (1935), however, using data from four selected years
postulated a correlation between the two parameters but it is clear that although high
yields in particular years may be associated with much legume, there are many other
years where large yields are associated with little legume and small yields with much
legume. When potassium was omitted from this treatment, yield declined to about 50%
of that with K, legumes became less frequent and latterly Leontodon and Plantago
more frequent. On the plot given the smallest amount of ammonium sulphate without
P and K, and where Agrostis has been dominant since c. 1940, yield has been smaller
than on the unmanured plots. However, it cannot be deduced from this that Agrostis
is a low-yielding species per se since its presence on this plot may merely reflect that
it is better able to survive under these conditions than its competitors. The species
was in fact, especially in the early years of the experiment. also associated with plots of
higher fertility and is also frequent now on plots receiving N,. The plot given N, PKNaMg
yielded about 4.0 t ha™" of hay during the first 30 years but yield then declined
progressively to about 2.8 t ha™! during the 1950’s. This decline was associated, at least
during the first quarter of the century, with larger amounts of and subsequent
dominance by Holcus for another thirty years before Anthoxanthum became
dominant. The variations in yield on the limed half from the 1920’s to the 1940’s were
not associated with any changes in botanical composition.

Omitting K from this treatment (i.e. N,PNaMg) resulted in a sharp decline in yield
which was associated with a decrease in Poa trivialis and Dactylis and increases in
Alopecurus, Arrhenatherum and Festuca which continued until about 1920. After-
wards yield continued to decline while Holcus was dominant during the next 15
years or so and then while Anthoxanthum and Agrostis were the main constituents.
Yield on the limed half-plot declined only very slowly and this was associated during
the mid40’ to mid-50’s with an increase in Festuca and a decrease in Alopecurus.
On the N;PKNaMg plots (11" and 11?) Cashen’s statistical analysis (1947) suggested
that there was no significant falling off in yield during the first fifty years. Whilst this
is probably true for the plot receiving N3 PKNaMgSi it is less likely to be so for Plot
11' (N;PKNaMg). Examination of ten-year means for yields of this plot showed a
gradual but consistent decrease from the outset: statistical analyses of the first fifty
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years were probably distorted by the abnormally high yields during the fifth decade.
After the rapid increase and subsequent dominance of Holcus appreciable decreases
in yield occurred. Although the larger yields on the limed halves were associated with
Alopecurus and Arrhenatherum, changes in yield with time could not be correlated
with changing botanical composition.

On plot 17, receiving sodium nitrate, yield has declined continuously although
botanical composition has been relatively stable. However, on Plot 14, receiving
the larger amount of sodium nitrate and PKNaMg, moderately stable yields have
teen associated with relatively stable botanical composition.

Although evidently it is possible to associate differences in yield on the Park Grass
plots with differences in botanical composition and to outline changes in yield with
time in relation to concurrent botanical changes it is clear that the relationship
between yield and botanical composition is very complex and it is very difficult to
establish causal relationships between the two. The complexity of the situation is due
to the large number of species present, insufficient botanical data for some periods
(e.g. 1877 to 1903), difficulties of estimating hay yield accurately on low-yielding
plots and of satisfactorily eliminating the effects of variable and changing weather
conditions. In addition, until 1960 estimates of yield were also affected by weather
during hay-making. Another reason for the difficulty in correlating yield and botanical
composition is that both are affected by a third factor, the fertiliser treatment and
hence nutrient status of the soil. Yield is the indirect consequence of the effects of the
fertiliser treatments on the responses and interactions or competition of the species
present and depends on the fact that whereas some species may have very specific
requirements and do not seemingly respond to increased fertility others may be less
specific in their requirements and be able to respond to increased fertility.

Despite these difficulties it is nevertheless possible to characterise the extreme
situations. In general, low-yielding plots, e.g. the unmanured and the PNaMg plots,
have large numbers of low-growing dicotyledonous species together with unproductive
grasses, or where conditions are acid and P and/or K are deficient, only acid-tolerant
grasses are present, whereas the higher-yielding plots are now dominated by Alopecurus
and Arrhenatherum. However, plots with roughly similar botanical composition may
yield differently whilst others with similar total yields have very different botanical
compositions.

RELATIONSHIP BETWEEN FERTILISER TREATMENT AND
BOTANICAL COMPOSITION

The experiment is best known for the way in which the different fertiliser
regimes have changed the presence and balance of species on the different plots.
The subject has been comprehensively presented in many previous publications
(Lawes, Gilbert & Masters, 1882; Brenchley, 1924 Brenchley & Warington, 1958) and
need not be repeated here.

However, it must be emphasised that conclusions about the preferences of
individual species and their response to various factors should take account of other
factors involved and also of changes that have occurred with time. The distribution
of species is not governed solely by the response to the presence or absence of one
particular nutrient although data from Park Grass can be used to pinpoint some of
the major determinants within a given situation. Additionally, the frequency of a
given species may be determined as much by the response through competition of
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other species, as by the preferences of the species itself. In such situations further
experiment is needed to determine the relative importance of the two factors. As
pointed out previously, although Holcus is dominant on the acid conditions of the
N3 PK plots this may be a reflection of differential survival and tolerance under
these conditions and cannot be interpreted as a reflection of the preferences of the
species. Holcus is now infrequent where potassium is not given (Plot 10) but was so -
dominant during the 1920s and 1930s that Brenchley and Warington (1958) concluded
that the species was encouraged by omission of potassium. However, in the absence
of nitrogen the species continues to be more plentiful without than with potassium.
Similarly, without nitrogen and under fairly acid conditions (pH approx 5)
Arrhenatherum is more abundant where K is withheld but when the plots are limed
the opposite is now true, though not in the past. Also, on the limed sections of
Plot 10, given N, PNaMg, omitting K decreases % Arrhenatherum but the species appears
to be increasing on this treatment. Alopecurus, often described in the past as requiring
complete fertilisers, was dominant for 30-40 years at the beginning of the century on
two plots (4 and 10 limed) which had not received K for about fifty years previously.
Evidently, the species is able to survive under fairly low levels of K; its replacement
by Festuca rubra might be because Festuca can tolerate even lower levels of K or it is
better favoured by the increase in pH which occurred between 1923 and 1959 on these
plots (Warren & Johnston, 1964)

A further example of a different response at different time is shown by the
colonisation of Chamaenerion angustifolium on the plots. Following much damage
to the vegetation of the unlimed half-plots receiving ammonium sulphate during the
severe winter of 1928/29, more Chamaenerion established on plot 4> than on 11! and
Brenchley & Heintze (1933) attributed this to the greater competitive ability of the
vegetation on 11 than on 4. However, botanical analyses of the plots following the very
cold winter of 1946/47 showed that much more Chamaenerion then established on
11! than on 42, '

EFFECT OF SEASON ON BOTANICAL COMPOSITION

Since almost all the major differences between plots are apparent every year it
is clear that seasonal differences are small compared to those due to treatments and in
only abnormal seasons is the influence of treatment out-weighed by weather. Never-
theless, large effects occur in some seasons, but these are usually reversible e.g.
following the drought of 1871 there was a large amount of Bromus on Plot 14
but it soon decreased afterwards. Also, following the droughts of 1921 and 1976,
Alopecurus was much increased on the unlimed half of Plot 14 during 1922 and
1977. On the unmanured and other plots in 1938 and 1976, % other species was
larger than usual and the relative increase in this group in dry seasons has long been
recognised. This effect is noted in the White Books for the 1872 season: “With regard
to the weedy herbage these also have necessarily been retarded in growth but the ill
effects of a dry season are less felt by many of them than by the graminaceous or
leguminous plants on account of the faculty which some of them possess for retaining
and storing in periods of plenty through the agency of their fleshy roots a sufficiency
of moisture and nutrient to supply the parent plant in time of scarcity like that which
prevailed during the present year”. Temperature may, as well as rainfall, affect the
proportion of the three main groups of plants. In 1921 the proportion of grasses was
high on most plots despite low rainfall presumably because of high temperatures; low
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temperatures early in the season tend to reduce the proportion of grasses. Seasonal
variations in yield, however, cannot easily be related to differences in botanical
composition at least as far as the three main groups of plants are concerned
(Brenchley, 1935).

The weather conditions preceding the 1937 and 1938 and the 1975 and 1976
harvests were similar in many respects, the spring of 1937 and 1975 being very wet
but 1938 and 1976 very dry. In 1938, % other species was high on both limed and
unlimed halves of the unmanured plot but in 1976 only on the limed half; Poterium,
Plantago and Leontodon were all increased. In 1976 only Leontodon had a greater
% on the unlimed half than in 1975. The relatively small increase in % other species
on the unlimed half in 1976 compared with 1975 (35% as against 29%) contrasts
strongly with the increase in 1938 compared to 1937 (67% as against 35%) but the
reason for this is unclear. Arrhenatherum on Plot 14 (N, *PKNaMg) limed increased
in 1938 and 1976 compared to the levels in 1937 and 1975 but it decreased on Plot 9
with equivalent treatment where N is given as ammonium sulphate. Different depths
of rooting of the same species on the two plots (Lawes & Gilbert, 1871) may possibly
account for the different result. On both halves of the unmanured plot % legumes
was about 2% less in 1976 than in 1975 but on the limed half of the PKNaMg plot
there was very much more legume in 1976 than in 1975. Both these results are in
accord with Cashen’s conclusions (1947) from past data: these were that an extra 25
mm of rain increased % legumes by 0.5% on the unmanured plot and that a greater
proportion of leguminous plants would be expected to occur on the plot receiving
mineral manures following a dry year. (1975 was very dry from mid-May onwards).

Although seasonal effects are often in themselves not permanent they may
precipitate developments and changes already occurring on the plots. It is possible for
example that the large permanent decreases in Holcus on the unlimed halves of Plot 10
(N,PNaMg) after 1938 and of Plot 9 (N, PKNaMg) after 1962 and the increasing
amount and eventual dominance of Anthoxanthum on these plots might, to a large
degree, be associated with the extreme weather conditions in both years, the summer
of 1938 being exceptionally dry and the 1962/63 winter exceptionally cold. It would
be of great interest to know the mechanism of increase of Anthoxanthum on Plot 9—
whether it was by rapid increase of the ‘ecotypes’ already present on it or whether
there was incursion from nearby Plot 10.

GENERAL

There were large changes in yield and botanical composition of the plots during the
early years; changes in yield were possible from the outset because of the presence of
appreciable amounts of species like Holcus and Lolium which responded to the increased
fertility and in botanical composition because of the large number of species present.
Since the changes depended on both the range and type of species present initially,
the potential for such rapid change might not exist in all vegetation types. For example,
it is likely that if the experiment were now started on land whose botanical
composition resembled the present day unmanured plot, changes in yield at least
would be smaller since many of the species may have become adapted to the low
nutrient status and so could not respond to increased supplies. Some evidence in
support of this comes from results from the microplot experiment on Plot 5!
(unmanured 1897-1963 following N, as ammonium sulphate) where increased supplies
of nitrogen have resulted in only small increases in yield (Johnston, personal
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communication). Although the unmanured plot can be regarded as a control plot and
is the closest approximation to the state of the whole field at the outset, it is
important to realise that it continues to change with time. Yield is now only half
that at the start, the dominant grasses are different and there is a relatively much
larger contribution of other species, three of which (Leontodon, Plantago & Poteriun)
are now abundant. It is also important to bear in mind that the botanical
composition of the plots is not only a function of the fertiliser treatment but also
of the management in general. Although this has remained fairly constant through-
out, some changes have nevertheless occurred e.g. a change in method of cutting from
scythe to mowing machine, and abandonment of grazing the aftermath after 1872.
It is therefore possible that these changes in husbandry may have had some influence
on changes in botanical composition with time.

Small differences in management e.g. slightly more frequent cutting, as on
access strips for studies of the Entomology department in 1973 and 1974, may have
profound influence on the botanical composition of the swards (Thurston, Williams
and Johnston, 1976). This serves to emphasise the extreme plasticity of the grass
sward with each new treatment imposed giving rise to a different species balance.

FUTURE WORK
___Examination of the data from hay analysis over the duration of the experiment
shows that although the rate of change has decelerated an end-point in botanical
composition (plagioclimax) has not been, and possibly may not be, reached on
most plots. Changes are also still occurring as a result of the new liming scheme and
are likely to continue as new plots are brought into it. The scheme of differential
liming was introduced to enable comparisons of the botanical and chemical
compositions of the herbage to be made at several pH values for all manurial treat-
ments (Warren, Johnston & Cooke, 1965). It is therefore desirable that assessments
and/or surveys should continue to be done to provide some of the information for
which the new liming scheme was designed and which it is now yielding. Such
information is all the more valuable since the vegetation has been well documented
in the past. At the same time a measure of long-term changes on plots not yet in the
new scheme and a base line for future changes on the plots would be obtained.

It is clear, however, from comments made in the Introduction that the problem
of how best to assess the changes in botanical composition is a very real one since
although visual surveys give information on the relative amount of heading of different
species at particular points of time they provide only limited information on the
contribution of the species to the yield of the plots. Analyses of hay samples, on the
other hand, whilst giving a better indication of contribution to yield at one particular
point in time, are too laborious and time-consuming to be done regularly. Other
methods e.g. point quadrat (Warren Wilson, 1960) would involve too much dis-
turbance of the swards especially those of the taller-growing plots. However, despite
these shortcomings it is clear that, when many changes are occurring, visual surveys may
give a reasonable indication of them but are less successful at detecting changes in com-
ponents already present. For example, visual surveys between 1965 and 1972 (Williams,
1974) gave a good indication of change on sub-plots ¢ but not on sub-plots b. It is
possible that botanical separations might be done more easily on fresh or frozen herbage
than on air-dried material but this would require more people and much storage space,
because such samples would be bulkier than hay samples. It would be desirable that if
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and when a change be made in the method of analysing the vegetation, comparison be
made with the traditional method of analysis if the results are to be compared with
those in the past.

Since the large number of sub-plots now precludes hay analysis being used routinely
to monitor the vegetation, a more worthwhile approach, as previously explained, is to
use the method to try to answer specific questions for a limited number of plots and
treatments. In the early years of the experiment and again following the liming scheme
of 1903 when major changes were occurring on the plots it was clearly of greatest
interest to quantify the changes in species composition of the plots and this remains so
for plots when new treatments are imposed. However, the emphasis has now changed:

whereas this aspect was of paramount importance at the outset, data on the distribution
and contributions of the different species may now serve as a background to more
detailed studies of individual species and factors affecting the distribution of groups of
species.

The Park Grass plots provide within a small area of relatively constant soil-type, a
range of discrete types of vegetation which receive similar weather and management.
They give ample opportunity for work to ascertain why some species are confined to
particular habitats whilst others occur on a wide range of plots. Species may be con-
fined to particular habitats either because of a direct preference for or adaptation to
particular conditions or because they are less adversely affected than other species and
so are at a competitive advantage under such conditions. The wide distribution of other
species might be the result of a wide tolerance within the species as a whole or because
morphologically and physiologically different populations have evolved on the plots.
Such intraspecific variation for many heritable characteristics has been shown to occur
in Anthoxanthum by Snaydon and Davies (Davies, 1975; Davies and Snaydon, 1973a,
1973b, 1974, 1976; Snaydon, 1970; Snaydon and Davies, 1972, 1976) in a significant
lead on this type of work on species with a wide distribution on the Park Grass plots.
The species has increased its contribution on many plots in recent years : the facts that
it produces viable seed before the first cut and is cross-pollinated must contribute to
the speed of differentiation within the species. Similar studies of other species e.g.
Festuca rubra would not only help to explain their distribution on the Park Grass plots
but also add to the understanding of the mechanisms of adaptation and differentiation
within plant species. Populations of Holcus from the different plots are also now being
used by the Unit of Comparative Plant Ecology (Natural Environment Research
Council) at Sheffield University in a study of the variation of response within the
species to different nitrogen sources.

Apart from the autecology and ecological genetics of individual species, studies of
the comparative ecology and competition between pairs of species should also help to
elucidate their distribution on the plots. Some species e.g. Alopecurus and
Arrhenatherum usually occur together and appear to have roughly similar requirements
but Arrhenatherum tends to become dominant at the higher pH values. However, on
some plots e.g. 11! and 112 the relative amount of the two species has fluctuated with
time despite unchanging pH. Holcus and Anthoxanthum also have very similar ecological
yequirements and at different times have dominated the same plots : Holcus was
dominant for 30 years on Plot 9 and also for a shorter length of time on Plot 10 before
being replaced by Anthoxanthum. The rapidity of transition suggests that the species
have fairly similar requirements since it is unlikely that there would be any large
differences in nutrient status of the soil during the time of change-over of species.
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Studies of the comparative biology of related species which appear to have different
ecological requirements would also be worthwhile. These would include comparisons of
Poa pratensis with Poa trivialis and of Taraxacum with Leontodon hispidus. Lawes, '
Gilbert & Masters (1882) concluded that Poa pratensis benefitted from nitrogen in the
form of ammonium sulphate but not as sodium nitrate, whereas Poa trivialis declined
markedly on plots given ammonium sulphate, but remained prominent on plots given
sodium nitrate. Although these differences have been generally true for much of the
experiment, they are less clear-cut than in the past. For example, during 1947 and 1948
Poa pratensis was much more widespread on Plot 14 unlimed (nitrogen as sodium
nitrate) than was Poa trivialis and during 1974 there was much more Poa trivialis than
Poa pratensis on the limed half, especially the sub-plot receiving increased rates of
lime, of plot 11? (nitrogen as ammonium sulphate). Fundamental studies of the
response of the two species to different soil reactions and nitrogen sources should
help in explaining their different distribution. Whilst Taraxacum and Leontodon are
both absent from the most acid soils, Taraxacum is plentiful only on plots given
potassium fertiliser whereas Leontodon is most abundant on plots lacking potassium.
Experiments under controlled conditions should help explain to what extent
differences in efficiency of uptake and utilisation of this cation can account for the
different distribution of the two species and whether other factors such as-com-
petition with other species are also implicated.

It is possible that by now some of the changes that are occurring on the plots may
be related to changes in supply and availability of minor elements. Since all the produce
is removed every year and there is no replenishment, cumulative depletion of these
elements must occur. Additionally, under the very acid conditions of plots given
ammonium sulphate without lime, differential tolerance of species to such factors as
aluminium toxicity (Hewitt, 1952; Rorison, 1975) must also be a factor in delineating
the distribution of species and should be investigated.

The Park Grass plots now represent a range of sward types to be found in many
areas of the British Isles. It would be of great interest to know what the likely out-
come of ploughing and reseeding such areas would be in terms of regeneration from
the previous vegetation. This would depend, in part, on the accumulation of seed
of different species on the plots. Assessments of the number and type of viable seeds
incorporated into the soil of the different plots would not only help in predicting this
but would also contribute to an understanding of the role of buried seeds in re-
generating and maintaining species under permanent pasture conditions. Only a very
limited study of the buried weed seeds on Park Grass has previously been done
(Brenchley, 1918).

In the early years of the experiment a measure of the value of the herbage on the
different plots was obtained, at least of the aftermath, by the number of sheep the
plots would support and the amount of liveweight gain made by them. Since then,
although much work has been done on the botanical and chemical composition of the
swards and yields have been estimated annually, no attempts have been made to
determine the value of the vegetation, hay or individual species as animal feed although
Brenchley (unpublished) applied the figures for individual species given by de Vries,
Hart & Kruijne (1942) to estimate the quality of produce from the plots. This lack of
information contrasts with the position for the Palace Leas field at Cockle Park at
Newcastle (Elliott & Thomas, 1934; Thomas, Holmes & Clapperton, 1955a, 1955b),
where less attention has been given to the botanical composition but more to the

VD L

https://doi.org/10.23637/ERADOC-1-156 pp 35


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

nutritive value of the herbage. Estimates of the nutritive value and digestibility of the
material would greatly enhance the value of existing data. The value of a particular
grassland species may, of course, depend upon where it is being grown and for what
purpose and may also change with time. Although Holcus has been used in hill-land
reclamation, it is nowadays considered undesirable in lowland pastures; Lawes &
Gilbert (1859) state that “some consider it as almost a weed”. Similarly, Arrhen-
atherum described by them as not growing abundantly except upon poor soil and
being of “somewhat questionable value” is now abundant upon the high fertility plots
of the experiment. It was, however, considered a useful hay grass by Smith (1924) and
rated highly in de Vries’ et al (1942) evaluation scores.

As far as can be foreseen it is likely that the botanical composition of many of the
Park Grass plots will continue to change during the next 20-30 years, albeit at different
rates for different plots, as a result of both natural succession and recent lime. If beyond
that the flora became completely stable or the changes were of insufficient interest to
continue recording, useful information would be obtained by changing the treatments
on some plots, especially where there are two plots receiving almost the same treatment.
For example, it would be of great interest to know what would be the effects on both
yield and botanical composition of additions of nutrients to the now very impoverished
Plot 2 (unmanured since 1863). This would not repeat the original investigation,
because, as detailed previously, the vegetation at the outset differed in many respects
from the present-day unmanured plots. Plots 3 and 12 (unmanured from the start)
would continue as ‘control’ plots. As these plots are unique in not having any additions
of nutrients for longer than 120 years, not only in the Park Grass but also in a wider
context, it would seem desirable that they be maintained in such a state. The reverse
situation where a plot given complete fertiliser e.g. N3PK would be given no fertiliser
would also be of interest. This could possibly be done on Plot 11" or 11? with the other
plot continuing to receive N3 PK or alternatively by splitting Plot 9 (N, PKNaMg) with
one half continuing to receive the same fertiliser treatment as before and the other
half none. However, soil acidity on the unlimed halves would be likely to limit the
introduction of many species. Another possibility is that, where it is thought that a
deficiency of a minor element is now influencing botanical composition and/or yield,
judicious additions of such an element to a plot or part of it might reveal whether this
is s0. Plots 4* and 10 which receive similar treatment and have similar botanical com-
positions could also be used if any change of treatment were contemplated.

The fact that there are so many contrasting treatments in close proximity makes the
experiment a rich source of plant material and this is likely to continue to be so.

Finally, it is clear that monitoring the botanical composition now serves a different
purpose from that in the early years. In the past it provided new information of general
application. However, as the experiment progressed, and with unchanged treatment,
the contrasted processes of enrichment and depletion of nutrients on the different
plots limited the applicability of much of the data to present-day agriculture. However,
ecologically the data has become increasingly valuable and now serves as a source of
information and ideas for more detailed studies of the behaviour of individual species.
The usefulness of any future data on the botanical composition of the plots will be
enhanced if steps are taken, as far as possible, to ensure that it not only describes the
flora and changes in plant associations of a unique site but that it enables this data to
be used to predict changes at other sites, and also attempts to describe the mechanisms
of distribution and change within those associations.
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TABLE 1a
Amounts of fertilisers applied to the Park Grass plots

Nitrogen, applied in spring.

N,, N, or N3, ammonium sulphate supplying 48, 96 or 144 kg N ha™'
N, *, or N, *, sodium nitrate supplying 48 or 96 kg N ha™'

PKNaMgSi, applied in winter.
i 35kg Pha™' as powdered ( recently granular) superphosphate
K 225kgKha™! as potassium sulphate (50% K, O)
Na 15 kgNaha™ assodium sulphate (14% Na)
Mg 11kgMgha™ as magnesium sulphate (10% Mg)
Si 450 kgha™ of water-soluble powdered sodium silicate to plot 117 only.

Plot 20 in years when FYM not applied
30kgN, 15kgPand 45 kg K ha™'

Organic, applied every fourth year
FYM 35 t ha™! farm yard manure (bullocks) (1973, 1977)

Fish meal (about 6.5% N) to supply 63 kg N ha™" (1975, 1979) (about 950 kg
meal ha™")

18.
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TABLE 1b

Plot treatments, starting dates and early treatments for all the Park Grass Plots

Plot number  Present Treatment
No nitrogen group
2 Unmanured
3 Unmanured
12 Unmanured
4! P
8 PNaMg
7 PKNaMg
15 PKNaMg
Ammonium N group
1 N,
42 N,P
10 N, PNaMg
18 N2 KNaMg
9 N, PKNaMg
11! N; PKNaMg
5 I N; PKNaMgSi
Nitrate - N group
17 N, *
16 N, * PKNaMg
14 N, * PKNaMg
Organic
13 FYM + fish meal
19 FYM
20 FYM + NPK

1863
1856
1856
1859
1863

1856
1876

1864
1859
1863

1905
1856
1882}
1882

1858
1858
1858

1905

1905
1905

Starting Date Treatment in early years
- where different
from present

FYM 1856-62

Sawdust 1856-58
PKNaMg, + sawdust
185661

N, * 1858-1875

N, and FYM 1856-63
Sawdust 1856-58

N, PKNaMg 1856-61
Sawdust 1856-62
NPKNaMgSi 1865-1905

N4 PKNaMg 1856-81
except 1859-61 N, PKNaMg

P omitted 1866 and 1867

N, PKNaMg 1856-1904
and straw until 1897
N, PK 1872-1904
N, PK 1872-1904
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TABLE 2

Details of liming on Park Grass plots

(1) Old (Main) liming scheme, started 1903
Southern halves of all plots 1-13 (except 5/1, 5/2, 6 and 12) and 16 received
2.24tCaO ha™ as ground lime in 1903, 1907 and 1915 and every fourth year
between 1920 and 1964. Plots 14, 15 and 17 came into this scheme in 1920.

(2) Scheme to test two laboratory methods for estimating lime requirement of soils,
started 1920
Plots 18, 19 and 20 divided into 3 in 1920. One third received no lime,
another third, light and the other heavy rate of liming every fourth year since
then.
Rates in t CaO ha™" are

Plot Light Heavy

18 4.43 7.61
19 0.64 3.53
20 0.64 3.11

(3) New liming scheme, started 1965
Eventual aim is to have pHs 7, 6, S and 4 for 4 sub plots (a, b, ¢ and d) within
each plot. Limed half-plot split into @ and 4 and unlimed into ¢ and d.

(a) First phase 1965-1968
Ground chalk applied to some of the b and ¢ sub-plots receiving ammonium

- sulphate. Amounts in t ha™ as follows.
sub-plot

Plot b p

1 — 124
4? 37 224

9 TS 17.6
10 3.7 20.0
R 249 20.0
11* 15.1 20.0
13 — 37
18 - 10.0

pH of sub-plot 2 maintained at 1965 pH level by liming every fourth year;
no lime applied to sub-plot 4.

(b) Second phase, starting 1976
Lime applied to raise pH of all a sub-plots to 7 where they start less than thi

1L
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TABLE 3

The pHs of all sub-plots on Park Grass during 1974-77 (supplied by A.E. Johnston)

Plot alt) b c d@
1 6.6 5.9(3) 434 4.1
2 7.1 6.7'3 5.203) 5.2
3 7.1 6.5'3) 5.1¢3) 5.3

4/1 6.9 6.6'3 5.4 5.3

4/2 5.8 5.9(4) 4.0'4 3.9
6 6.3 6.5'3
7 6.6 6.33 5.2(3) 4.8
8 6.9 6.8'3 5.23) 5.2
9 5.0 5.64) 424 3.9

10 5.5 5.814) 424 3.9

11! 43 4.4 4.4 3.7

112 5.1 5.5(4) 424 33

12 5.3 6.0 5.203) 5.2

13 6.9 6.2'3 5.014) 4.9

14 7.0 6.7'3 5.813) 5.8

15 6.3 6.5'3) 5.0'3 4.7

16 6.8 6.5'3 5.3(3) 5.2

17 7.2 7.0'3 5.6'3 5.9

18 6.8 6.7'3 443 3.9 18/2 7.6¥

Unlimed Low Lime High Lime

19 5.303) 6.113) 6.7'3

20 5.5{3} 6.0(3] 6.9(3)

(1) Sampled in 1975 (all « sub-plots) (2) Sampled in 1976 (all d sub-plots)
(3) Sampledin 1977 (4) Sampled in 1974

19.
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TABLE 5 Relationship between abundance scores (F°-F**) of visual surveys and the %

contribution of species to yield estimated by botanical analysis of hay samples

Abundance

All species

Grasses

Legumes

Others

Score

1947
Range  Mean
t-69 6
t-81 8
2-21 8
$-52 21
s-69 11
s - 81 14
4-21 9
14 - 52 33
t-t t
s-7 3
4.7 6
6-11 8
1-6 2
t-13 3
2-8 5
s-10 5

Year

1948

Range Mean

t-20
t-54
s-45
6-91

.16
.54
- 45
.91

-13
-16
-11
-6

- 20
-13
-13
-15

ON ) Te e G\MHH

g\ TE el

) 2
DOy B WO B W

CwLni=—=to WL Wi

—

1949
Range Mean
t-22 5
t-82 -
t-99 15
5-57 14
1-22 7
t-82 6
4-99 29
57 57
1-12 6
2-10 5
2-13 6
5-5 5
t-8 2
t-10 1
t-10 4
7-14 10

t = trace, 0.1% or less, s=small amount, 0.2-0.5%. In 1947 visual survey preceded the
hay harvest by 3 days and in 1948 and 1949 by about 13 days.

TABLE 6 Comparison of number of species detected by visual surveys and hay

analyses in 1947, 1948 and 1949. (mean of all plots analysed)

1947
1948
1949

0.S. = odd species whose presence was noted during analysis of hay but whose con-

Visual survey

13
14
14

Hay analyses

21
23
21

tribution was too small to be quantified.

2\ L

25
28
27

Hay analyses + O.S.
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Notes on Tables 7-45

The following tables give details of the botanical composition of all Park Grass plots
throughout the duration of the experiment. They have been compiled from data in
Lawes & Gilbert (1859), Lawes, Gilbert & Masters (1882), Brenchley and Warington
(1958), Rothamsted Annual Reports until 1939, Numerical Results of the Field
Experiments at Rothamsted since then and the present (1973-76) analyses. However,
to minimise errors in reproduction, reference has also been made to original papers
where possible and the tables include results for some years not previously published.

The data are necessarily condensed both to reduce the bulk of the tables, and also
since it is questionable whether the accuracy of the sampling method justifies pre-
sentation of minor components to many decimal places. The tables were assembled
primarily to enable the major changes with time in botanical compositon within plots
to be traced for the present paper but should also serve as a source of information for
future reference. In the tables of complete analyses the species are listed in alphabetical
order within three main groups, grasses, legumes (where they occur) and other species
and the following abbreviations are used throughout: t = trace, 0.1% or less; s = small
amount 0.2-0.5% inclusive. Care should be taken in interpreting differences between
species which are evidently minor constituents of the herbage : little emphasis should
be placed on a difference in one category in one season and it should be borne in mind
that at this level the difference within a category may sometimes be larger than
between categories. It is important therefore that comparisons of minor components
should take account of the data for a number of years. Only species which have con-
tributed at least 0.5% on at least one occasion are included in the tables so that the
number of species listed should not be taken as an absolute measure of the number
occurring on a plot.

Tables 38-45 give details of the botanical composition of plots analysed during
1973-76. To maintain continuity with the past records results are given to one decimal
place but contributions of less than 0.05% are denoted by t. Because results were
originally calculated to three decimal places, the totals shown may not agree exactly
with the sums of individual species. Since the plots differ greatly in total yield the
results are also presented as amounts of the different species per unit area of land.

https://doi.org/10.23637/ERADOC-1-156 pp 47


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

0on

Commons Attribut

d under a Creative

icense

is I

is work

Th

16T
powr = :pawrun =N
€] 0 8 OC 61 61 €1 c¢I ¢Sc [1 €I 6 €Z Ol KT 0O v EI LT #1 9 0ol 6 ¢l &l ¥ 11 & 6 T ST (O (A B -5 1) ) (R - 6 8 8 0 i}
b TT ST 6 SU OC v€ LI 11 9T #I T¢ 1z OI 1€ IE I¥ vb ¥I 6 €¢ LS ¥E ST S I TS Oy O TC b 0T 91 81 9z LE 0T IT T JuooT
Ob 8t LS IL S9 19 TS IL $9 €9 L 69 95 vL 1S 6S T ¥b 69 LL IS €€ LS €9 T8 SL LE €S 19 99 € 65 IL IL OL vS TL 1L D
9L, SL. 8. Lb. 9b. Sk, bb. €. T, Ib. Ob. 6E. 8E. LE. 95, SE. PE. €€, TE € Of. 6T, 8T. LT. 9Z. ST. ¥Z. £C. TT 1T 0T, 6I. 8I. LI 91, SL ¥l €L
bl €1 €€ 1€ SP PE O LT €T €T € S +T 1T €C SU 91 81 €I Iz 1z ST O 1z OT IT OT 91 LI 8I 8T 6¢£ TE O0f 01 ¢I SI 8 O
€1 T1 0Z LI 92 Ot 2€ 61 Ol 8T 6l Ob 8¢ 1z €€ 8¢ Lf Ot 9L 61 S€ SE [Z OL 9 9 €€ SI €1 €I 8 6 Il II S1 sz LI 1Z 7 ‘Woaqn
€L 9L L¥ IS 6T 9T 8€ S L9 6V 85 St 8 85 b 8 Lb TS IL 09 € Ov 65 69 €L €L Lt 69 69 89 €¥ TS LS 65 SL 19 89 0L O
9L, SL. 8Y. Lb. 9. Sb. vb. €b. Th. 1. Ob. 6. 8€, L€ 9. SE€ b€ €€ TE I€ OFf. 6T, 8T LT 9T ST PT. €T TT [T 0T 6L 8l LI. 9. SI. +1. €L SWENDId L
TSI o1 11 I1 ZI 0T T 6C o
LE 6T 91 8¢ ST I¥ 66 Iy €2 1 1
IS 95 ¥L 1S ¥9 8y ¥ Lf 8¥ D)
ZI. 10 01, 60. 80. LO. 90. SO. 0.
S¢ $Z 61 81 SI L1 Of 8T 0T ST +¢ ¢ 9 O 1T LI ¢z 0¢ 1z € 1L OT & L1 01 6 OC II Il 21 6 8 €1 Il T¢I 8 Il T O
6l Ol Ol Of 67 67 TC € 81 €£ SS 91 8 Sy T¢ 1€ 0T 9T 61 € SE€ LE 1€ L 0T S L 8 #I %I 0L 6 €1 Or 91 €I ST €T 1 n
9% S9 1L TS 95 €5 8% 6F T9 TY 0T 1L LE St 95 TS 8 ¥S 65 ¥9 €S TS 19 9L 69 98 TL 08 SL kL I8 €8 YL 9v TL 6S S9 TL O
Z1. I1. OI. 60. 80. LO. 90. SO. +0. €0.Z06I S6. b6. €6. T6. 1E 06, 68, 88, L8, 98. S8, P8, €8. T8 18. 08, 6L 8L LL 9L SL. YL Tl TLe L9 TY.8S8I
9z 95 0f €v €F €€ TE ST LT 1T 6C 68 LI €C 8T 6T €€ 6€ LE 1T LT 1T €T 1S €S IE€ ¥E 6T TE 8E 1 8T O
of Il O vz vt 0Z O0Z Ol %1 ¥z SI L +I 81 6 +l 8 9 S 8 T 6 %I 8 6 S LI 0T LI LI 61 61 1 5
Y9 €S 09 €€ €£ Lb 8F S9 65 SS 95 HS 69 65 €9 LS LS SS 65 IL IS 89 €9 Iy 8¢ ¥9 6¢ IS IS St OF €S O
St 8b. Lb. 9b. Sb. bb. €b. Th. Ib. Ob. 6€. 8E. LE. 9E. SE 0Z. 61. 81, LI, 91, SI. vl €I, TL. IL. O, 60. 80. LO. 90. SO. 061
S¢ OF Ov LS IS 8v 6€ €S Iy TE OF SS 8T 1€ €€ € Zv 95 6¢ € 9¢ 9T ¥S S9 Ov 9 1v 9¢ Ob €S €S 6€ O
6 L 6 OI LT LT %I L 70 ST o1 II SI st II LT O 9 € % Il Il 9T & 6 € €I 0Oz SI TI 11 i n SWeNd 8
95 €5 IS LT TE SE Lb Ob Lb TP 9v PE LS ¥ 95 6F 9¥ 8E 8F 69 €5 €9 O0f 0¢ IS 0S Sy v¥ Sy SE SE 0s O
SL. 8. L. 9b. Sk, vb.  €b, T, Ib. Ob. 6E. 8€. LE. 9€. SE. 0T. 6I. 81. LI. 91, SI. #I. €I, TI. Il OL. 60. 80. LO. 90. SO. 0.
8t 6t 81 8 6 €€ S St €T ST 9r AT v¢ ¥ 0T SI LY TT IT 1IU ‘ST IT #1 Iz 0OC LI 8T 6 0
6F Tz $§ 9 9 % S € @ 10 or 9. L E & S I T ¢ S ¥ & § I 8§ € 6 61 1 N
€b 6C 9L S9 S9 19 09 TL €L v9 ¥9 99 69 89 8L 08 T8 9L L8 ¥8 18 €8 I8 ¥L TL 08 €9 i o
€0.2061 S6. v6. €6, T6. 16. 06. 68. 88. L8, 98. SB. ¥8. €8, T8 I8, 08. 6L 8L LL. 9L SL ¥L. TL 1L LY. 7981
65 Sy 8¢ S+ TS IS #§ 9% Lt §¢ LT € €5 DE UE IE Tv 0Ot 0T 6T 6T Bt BT €t 0 1C¢ £t ST I 1T 8T St 9¢ LC. EE O
0T 2I 91 ST 1Z [z L1 €I I BI €2 81 O1 ST 9 11 9 #I L T LI 61 L % 8 S %1 11 8 O Tl § It 8 8 1 1
1€ €v 9¢ Ov LT 8T 8T ¥ TS Ly 0S 6€ LE SS Lb TS €5 95 €L 65 S €¢ ¥9 T9 T9 €L 6 €9 IS 89 09 65 €S €9 65 O
9L, SL, 8%, Ly, 9Y. S¥. vb. £V, TH. 1P, OF, 68 BE. LE. 9t. SE. PE. £t TE. It Of. 6T 8T, LT, 9T, ST, ¥PT. tT. T, 1T 0L 61, 8l vi. 061
S¢ 67 O 9¢ OF SE€ € LE #b 1 LE SS L9 SE Sb €b LE 6€ LT 6T €F 65 Oy 9T by € OF IE SE€ TT 8E 8y 6F 0S ST TP 9¢ TE O
¥ L 4 TI BT ZI ¢ 8§ & ¢tL oI L % 9 oOr Of & & ¢ Ol 6 L 9 T 9 S @ $ € & 0 & 9 § 6 S 9 & T n =g
19 +9 €S €5 9% €S 19 S 8 L¥ €S 8€ 6T LS S¥ Ly 85 85 99 19 8+ vE S IL 0S 19 L¥ €9 09 €L TS Ly Sy pF 99 €S »S 65 D
9L, SL. 8b. Lb. 9b. Sb. Pb. €b. Th. Ib. OF. GF, 8E. LE. 9. SE. V€. €€, € 1€ Of. 6T, 8% LT. 9Z. ST ¥T. €. TT 1T 0L 61, 8I. LI, 9L SI. vl €L
S 0S Of 67 TE Tk 9» TS Sy O 8S LE vb 8¢ b Ov HT €T 1€ 8¢ €I 91 LI 61 1z 61 TE€ 0Z 81 0T 2TC¢ 61 LI TZ 91 6T IZ 91 O
S 14 £ 9 €l 9 8 6 &l B L 9 6 t € 6 15 ¢l € S 0T Tf QL % 8 € 14 ol SI 6 ¢l 1 OF 6 S S 8 S 1 n
It 9 L9 S9 9§ TS 9b 6 TH TS vE LS Lb 8 €S IS €L S9 95 95 89 TL €L 8L 1L 6L ¥9 OL L9 IL 99 69 €L 69 6L 99 IL 9L O
Zi. 11, OI. 60. 80. L0. 90. SO. PO. €0.Z06I S6. ¥6. €6. T6. 16, 06. 68. 88. L8, 98. S8. P8, €8. T8 I8 08 6L 8L LL 9L SL ¥L. Tl Tl L9. T9.8S8I Juouneal] 10Id

ua3oijiu FurA1a921 JoU $10[]

S0 sse1n) g ay) uo () saradg 18y3Q pue () sownga] ‘() sassean) afejuadidg vL J1HVY.L

pp 48

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

0on

Commons Attribut

ive

(z a1qe @as) awin ydry = TH ‘@wiI] mo] = TT ‘pawil] = T ‘pawnun =

d under a Creat

icense

I

1S

is work

Th

91 P LE 9€ GE€ I LE O BE I€ #T 8Z 0Z 0T 8 IT & Ol 9 € S T 9 8 &€ €1 9r LI 2T 0
s % 1 I I ] ] } S S S s 1 § - S - S s 1 ) ] 1 ] S - 1 - - o 1H
€8 §9 79 T9 ¥9 98 €9 09 T9 89 9L TL 6L 6L TL 68 €6 06 b6 L6 t6 86 v6 T6 98 L8 T8 T8 LL D
8. Lv. 9b. Sh. ¥¥. €bh. TH. I¥. Ob. 6E. 8E. LE. 9. SE. PE. €€, TE [IE. OF. 6Z. 8T, LZ. 9T ST +vL. €L, TL 1T, 0T61
61 € SS Ly 95 1T 9¢ ¢€¢b BE 9¢ 9T 61 61 91 Lt SU 91 I1 9 +# € € O1 Il +1 #1 ¢TI +1 61 0
1 I s | I 1 I s s S 1 1 | 1 H - - . - . - . ) - - - - - - q 11
I8 S9 Sp TS € 6L €9 LS T9 L €L 18 I8 €8 €L S8 €8 68 +6 96 L6 L6 68 88 98 S8 L8 98 I8 '3)
8b. Lb. 9b. Sb. vb. €b. TP, Ib. Ob. 6E. 8E. LE. 9f. SE€. ¥PE. €€, TE IE OFf. 6T, 8T, LT, 9T, ST. ¥T. €T. TIL. IT.0T61 SWENNEN 81
1 & 9 9L &I I OO0 & % 1 4 & & ® & € H» » Ig $ T TC €1 8 € 61 6 TI 1€ #1 L 1€ 91 #1 91 6£ O
S T [ T T T TR T A TR 0 T T TR R
001 88 €6 +¥6 ¥8 08 66 06 L6 86 86 6 001 001 66 66 86 96 96 6L 96 86 8L L8 16 96 08 16 L8 69 98 €6 19 I8 +8 18 SS O
8b. Lb. 9b. Sk, ¥, EF. TH, 1b. OF 6. 8E. LE. 9E. SE. ¥E €€ TE 1€ 0%, 6T, 8T, LT, 9T ST. ¥T. €T. TIL. 1T, 0T, 61. SI. #I.TO6T 8L, LL. TL L9B]
g 6 €T 2 ¢ T 0 0
S = 2 - 5 - - 1 o
96 S6 LL 86 L6 66 86 66 66 £
€L, 6b. L. 61, 8L. L1, 91, SL. ¥I. d'N P
<= 8 T 8 IT 8 & 9 [ 9 ‘& § TII ¥ 0t O
- . - - . - - - - 1 1 1 1 LR | n
001 001 86 T6 66 T6 66 v6 66 v6 96 S6 68 98 08 D
€L 6¥. L¥, 61, 8T, L1, 91. SI, ¥1. €0.TO6T LL TIL. 19.T98I
€t ST 6C Op: 7t Lz PT T SI SI T U 0
& ¥ 9 LT g v F & & I I 1 1
€9 1L S9 €S 99 0L TL €L T8 €8 LL 1L )
8b. L¥. 9b. Sh. ¥b. €. Th. Ib. Ob. 6E. 6l P161 N I
¢ & 4 €© § € I € ¥ ¢ § g 1T I S 9 ST S Or SYT €T LT 6 EI IT 9¢ O
- s = 1 ] - - I € s N S 1 s s s S I § 4 q | n

5 2 SR $

86 S6 €6 86 S6 L6 66 L6 96 86 S6 98 8L 8L T6 6 S8 S6 68 ¥8 L8 TR 16 98 68 08 O

€L, 8h. Lb. 9h Sk bb. E€h. T Ib, Ok 6€. 6L, ¥I.TO6I T8 I8, 08, 6L 8L LL SL TL 1L L9. T9.8S81 juduneal],  10id
9jeydns wniuowwe se uafoniiu Juiareoal s10[d

$10]d SSBID MNikd Y} uo () sa0adg 1210 pue ‘() sawnday ‘() sessers) afejuadiagd qL J19V.L

pp 49

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

0on

Commons Attribut

ive

4

d under a Creat

icense

1

1S

is work

Th

pauwi =7 pawlun = )
93BqIaY A} JO %00 ISOWR dn SPRW SISSBIB DAISN[OUL SE6 | PUB TEGT UdOMIag,
¥ € I i3 8 1 5 I 0
1 | < ! ‘ - - 1 2]
S6 L6 86 001 66 66 001 86 9
SL. 6% Lb. 610 8I. 91, Sl vI6] ISBNENNAEN LI T
- 1 & g - & - 1 T 1 % 9 - 0
001 66 66 00I 86 001 001 00T 66 86 66 S6 ¥6 001 D
€Lo 6F. Lbo 61 8L 91 Sl PI.TO6L LLc TL. L9 TY. 8SBI
4 I 1 5 S ] s 0
S U T 1 1
00T 66 86 001 001 001 66 2)
€L 6V LY. 61 81, SI. ¥I. SWCNMAEN (1T
S R A R R R )
s * s & G = % = . » 1 I 1 | n
001 00T 88 66 86 00l 001 00l 66 L6 66 ¥6 68 001 H
€L 6P L¥. 610 81, SI. ¥I. €0,TO6I LL. TL L9. T9Y. 8S8I1
pLoL L Ol v L ¥ T S | € I ¢ T v L s s s g [ s 1 1 S % ¢ % T T 7 1 (]
81 IT ¢ 9 s £ = 1 1 § | 1 Z - } - 1 ) 1 3 S 1 } - s - I ] . - } - 1 oY
89 T8 06 8 96 06 96 86 S6 66 96 86 Y6 86 96 66 66 66 66 86 66 66 86 66 66 96 96 96 86 86 86 8 o
9L SLo 8V LY. 9. Sho vh. EF. TH Ib. Ob. 6E. 8€. LE. 9E. xl€. Of. 6T. 8T, LT. 9Z. ST. PZ. €¢. TT 1Z. 0. 61. 8I. LI. SI.¥I161 BENMA N 6
- § s - - - § § & ) 1 & s ] - s s s £ | ¥ I I § S 0T #I 1L § + L 9 § +1 01 T O
N T - I I L T T n
001 001 96 001 001 001 001 001 66 001 OOI 001 OOI 66 66 001 001 66 001 L6 86 66 66 66 S6 S8 08 98 68 +6 96 16 ¥6 T6 TL 68 L6 O
SL. 8b. Lb. 9b. St Pho E€b. Tho 1. Ob. 6€. BE. LE, 9€.xI€. OF. 6Z. 8. LEZ. 9¢. ST +Z. €T TZ. 1Z. 0T 6I. 8I. Ll. SI. ¥L €0.2061 LL. TL. L9 TY.8S81
9 9 T ¢ c 9 I 6 I vy C SR I ! 8 5 L) s § § 0
) = o sl E s e el e s B S e e e e e e s 9 1
¥6 b6 68 €6 86 ¥6 66 16 66 96 86 S6 L6 66 66 001 00L 001 00T 001 86 3]
bL. 8v. L. 9. Sv. vho E£b. Tho 1b. Ob. 6E. BE. L. 9€. S€ 0Z. 6l. 8I. Ll. SL ¥I6I INENIEN 01
) s I s - 1 } s - 5 o - 1 ) } I L G L G I (Y £ 4L 91 Do
T T T L L R SR T T n
001 001 66 001 001 00T 00T 66 00I 001 001 OOI 00T 00T 00T 66 ¢6 88 €6 86 86 8 €6 S6 €8 S8 O
€L0 8V Lo 9. Svo vPo €V T 1. O, 6€. 8€. L€, 9€. SE 0T, 61. 8I. LI, SI, ¥1.T061 LL Tl L9, 798I jusuneal] joig

ojeydins wintuowwe se uafoniu Furaledal s1o[d

$101d $SBAD NIBd 3y} U0 (Q) s10adg 11O pue () sownSa () sassern aBejuadsdg (panunuod) qL FIAVL

pp 50

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

0on

Commons Attribut

ive

d under a Creati

icense

is I

is work

Th

powr = 7 pawiun =
6' 6L & € € € 7T T L £ % 0
g8 6 ¢ € 6 L v [ 1 % 1 71 pwuoaq
78 IL %6 T8 88 06 $6 L6 T6 €6 t6 D
9L, SL, 8. Lb. 9F. Sb. vb. €h. T 1P OF
L ST S GL & T i 1 5 & o
T ' ¢ € T T 1 s s s 1 71 pwoon
16 €8 T6 S8 T6 86 86 86 S6 86 96 O
9L, SL. 8t Lb. 9b. St bb. Eb. Th. 1. OF FWENMAIN tT
£ @9 ST ¥ 9 ¥ T ® I T T £ 'z.® o & ®© 9 I ¥ 0
I T I T A R T A 1T 1
6 68 8 S6 €6 L6 66 S6 66 L6 86 €6 96 S6 P8 v8 96 T6 S6 S6 D
6€. 8E. LE. 9€. SE. ¥E€. €£. TE. €. OF. 6Z. 8T, LT. 9Z. ST. ¥T. €. T 1Z.0T6l
Z % . © 9 ¢ & # © € ¥ usv-T E M 6 9 €& T-T & O £ @ B 9 & € I @& I 9 5 HOLO
S R T T T T G - D (R R R ¢
9% t6 €6 S6 £6 L6 66 S6 66 L6 86 66 L6 86 98 06 € 96 L6 L6 €6 ¥8 88 16 06 T8 88 T6 S8 68 88 €6 P6 68 D
6. 8€. LE. 9€. SE. VE., €€, TE. I, Of. 6Z. 8T. LT. 9T. ST. ¥T. €£T. TT. 1T 0T 61. 91, Sl vl €I TI. Il OT. €0.TO6Y LL, TL. L9.T98I
€€ ¥1 0T 9 9 6 L 0
R R 1 q
09 9L TL T6 T6 68 06 3]
SL. 6%, Ly, 0T. 61. SI. tI6I SWENMA "N 91
It €1 60 I €1 8 8 92 9 8 O § I 8 Il #1 0T O
Z° T BT 9. Y @6 oOF €1 L I I €& &G 6 & & T ¥ n
L8 SL 89 €8 98 €8 vL T9 L8 16 68 T6 I8 €8 T8 #8 8BL D
SL. 6. L¥. 0T. 61. SI. v1.Z061 T8. I8, 08. 6L. 8L LL TL. L9 T98I
bz #1 1T 2T 81 LT 91 1T vt ST It 0
¢ € & T ® ¢ I & 3 b | 1
TL €8 9L 9L 8L IL T8 8L EL €L L9 3]
SL. 6. Lb. €€. 1€ 6T. LT, ST. €T, 1T,0T61 INLI
9¢ 67 Of 8T 61 6 +T ST v ¥E LE T¥ 8v Of I+ €S €T € ST #T BI O
3 ) 1 T s 1 1 ] R I I el E [ 1 1 T s 1 n
€9 1L OL IL 08 19 9L SL S9 S9 T9 8 1S 89 95 v+ 9L 9L €L 9L 18 D
SL. 6b. Lb. €€ If. 6T LT, ST, €T. 1T, 0T. 6I. SI. 1, €0.2061 8L LL. TL L9.T98I juauneal]  10ld

a1e131U WNIpos se uaoiiiu JurAredal s10[J

51014 SSBID) Maegd 23 uo (Q) saadg a1 pue () swngay ‘(9) sessean) a8ejuadiag oL FTAV.L

pp 51

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

Commons Attribution

ive

d under a Creati

icense

Ii

1S

is work

Th

‘9z
(7 Q1qu1, 995) AWl ySHy = TH AWI Mo[ =TT pauwn] =T pawun =
91 LE LT 6L 60 SI TI L L 91 LT 0Z 6 ¢ OL C¢L Ol 41 6 L 8 6 TE TL TL O 9 6 O
of Ol I € € 1 I T L 91 & 6 Il § ¢ L 6 01 8 § € € % 06 § § # S 1 TH
L TS 19 LS 8L 8 L8 06 6L 89 €9 0L 08 0% 98 T8 I8 €L TL L8 68 88 €9 85 €8 98 06 98 D
8. Lb. 9. Sk, Fb. €. Th. I+, Ob. 6E. 8€. LE, 9€. SE. PE. €£. TE€ 1€ OF, 6T. 8T. LT. 9T. ST. ¥T. €C. TT 1T 0T
SI ST 61 TT SI 8 8 I O1 I1I OI Ol 9 9 S SI L 6 Ol 8 L S 8 1T T L S ¥ 9 O
§ ¥ § & 1 I % ¥ § €& L ¢ T S 1. 0Ol T ® ¢t 6 -8 1. I & il IT 8 & SI 1 11
08 0L SL S9 v8 06 T8 €8 S8 S9 €8 L8 T6 68 ¥6 SL 16 L8 99 €8 06 ©6 16 LL 1L T8 L8 16 6L O
8. Lb. 9b. Sh. Pb. €h. Th. Ih. Ob. 6, 8€, LE 9€. SE€ V€ €€ TL 1€ OF, 6Z. 8¢, LT 9T, ST. ¥T. €C. TL 1% O
MdN WA 0T
6 € TC 91 6 9 0£ 8 01 L €I 9 9 L 6 6 I1I 9 9 ¥ S 8 1T 11 6 8 9 6 O
S 8 9 8 € T € 9 9 6 9 € ¥ ¢ T ¢ v 01 T € T ¥ Ol €€ T I v ¥
98 69 TL S9 88 16 L9 98 €8 8 08 06 06 16 68 68 S8 +8 I8 €6 €6 88 69 S9 88 16 06 L8 D
8. Lb. 9b. Sh. ¥h. €. Th. Ib. Ob. 6£. 8E. LE. 9€. SE€ ¥E. €€, CE 1€ 0F. 6T. 8T LT 9T. ST ¥T. €T TL 1T 0T6I .
€1 ¢l 6 9 I 6 91 0f Tl #I 11 1T 1z %I 0Z € S O #1 SL ZI € LI OF 9 & L 8 O € 8 ¥ Ol TL OI Il O
s 6 St Tl TL 9 L L 8 L 9C L1 Ol € ST T2 0Ol 6 L ¥ 8 € 6 ¢ ¢ 6 L ¥ I 1 € S v € 6 T 1
T8 8L 99 T8 LL ¥8 9L €9 08 6L P9 TL 69 €9 S9 S6 S8 08 6L I8 08 €L €L 8L T8 €8 98 88 68 9L 68 I8 98 L 08 L8 D
61. 8I. LI. 91. SI. +1, €1, Tl II. Ol. 80. L0, 90. SO,TO61 S6. +6. €6, T6, 06, 68. 88, L8. 98. S8 ¥8. €8, T8 18, 08 6L 8L LL 9L, SL TLBI
€C 9 8 SI 81 2 § S 9 8 LI 6 S 9 8 S L 6 L 9 9 6 8 vl 6 Il L ¥ 9 O
0l €I 81 S1 ¢ 6 § ¢ L 6L & 9 9 S§ I € T € € 9 & € 1 1 1T LL L » 6 1 TH
LY 09 $S OL LL 6L S6 06 L8 €L 9L S8 68 88 16 €6 16 88 08 LL 06 88 06 S8 69 TL 98 T6 S8 D
8b. Lb. 9. Sb. tb. €b. Tk, Ib. Ob. 6€. 8€. LE. 9€. SE€. b€, €€, TE 1f. 0E€. 6T, 8T. LT, 9T, ST. ¥T. €T, TT 1T.0T61
T€ TE €€ 1€ O0f LI Oz T1 ¢TI %1 81 O 11 1L ZI Il 1L 8 9 L 6 Ol #1T 1z €I 1T 9 § OI O
LT AT 1L 91 8 B8 T 9 L 0Oz € § § L ¥ T 1 £ L 6 T & I & 0z O 9 t 61 1 e
05 IS 95 TS T9 SL 8L ¢8 I8 S9 89 8 ¥8 I8 +8 L8 88 68 L8 8 68 88 P8 9L 99 6L 88 T6 IL D
8. Lt. 9b. Sb. b €. Th. Ib. Ob. 6. 8€. LE. 9. SE€ PE €€ TE 1€ O0f. 6T. 8T LT 9T. ST, ve. €T T& 1Z.0T61 —_—
7€ TE €€ 1€ 0f LI Oz T1 ¢l %I 81 O 11 Ir 21 IT 11 8 9 L 8 8 €I €1 € #I L 9 8 O
LT LT 11 91 8 8 T 9 L 0z £t § § L v T I &€ 4 B T 1 T ¥ 0T L L S ST 1T
05 IS 95 TS €9 SL 9L 78 I8 S9 89 ¥8 ¥8 I8 8 L8 88 68 L8 ¥8 06 06 S8 €8 L9 8L 98 68 9L O
8. Lb. 9b. Sh. b, £ TH. Ib. Ob. 6. 8€ LE. 9f. SE vE. €€ TE € Of. 6T, 8T LT. 9T. ST. ¥T. €T TL 1Z.0T61
n
61 1z O 9 11 T1 e 91 8T 2I € 6 92 8 8 L ¥ Ol € 8 6 11 11 Ol L S + L 8 § T L O Ol TL 8 8 O
9 9 1z 61 0T Ol 8 S § L 9T € ¥l 8 O£ ¥ Iz 8 9 8 € T S Ol 8 ¥ § T T € T L L 6 Il 8 T 1
SL €L 69 YL 69 6L 08 8L 9L 18 09 69 09 ¥9 TS 68 vL I8 I8 €8 L8 LL v8 I8 L I8 I6 16 08 T6 S8 S8 €8 I8 LL ¥8 68 O
610 81, L1, 91, Sl ¥l €1 TI. 11, Ol 80. LO. 90. $O.ZT06I S6. 6. €6. T6. 16, 06, 68 88, L8, 98, S8, ¥8 €8, T8 I8 08, 6L 8L LL 9L SL TLBI
0 ST 0% LT ©E Tl v 0
L L 8 LE 1y 1 1 1 T
L9 L9 T9 9¢ 9T L8 56 02)
[eauIysty
L 9T €T vT 9T ¥IL 0T € S v 6 8L ¥l L 9 S ¥l 01 O + WAL €1
z 8 1 S s gy 4 1 - s - - s 7z - I § s 1 n
16 vL 9L 9L L 93 08 96 S6 96 16 78 S8 16 €6 ¥6 98 06 D
€L, 8b. Lb. 9% St. vb. 6L 91, SI. ¥l. €1, TL. 11,0161 LL TL L9.T981  Iuauneal]  joig

amuew o1uedio Fuiatedal $10|d

$10]J SSe1n) yied ay) uo () sa10adg 12y1Q pue {7) sawngay ‘(0) sessern) afejuadiad pL ATAV.L

pp 52

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

76
23
3

Vi NI AN~ @2 (o Has TR ] -— w NN — — VB AO e B N\O -
['\—— o —
<+ — — —_
l;oomm-—-m NONnwn —_ NNV = = O = (N ® <t v o~ <
O NMMN—— NV =0 =0 NN~ +~NN— DO~ @ ®n
<t — — —
a
= VI = —wnoNn ©“ F O — A B0 B RO = e
= N — — ——
= g
]
4 00 D — )~ — N oo W) — B = — — » i~ +~ <0 s =
feu] o) — o —
Q
<] - NONO wen = n< <t n B ) = (N R NN N~ OO0 B —®
“ EY)—- — —_
=
<Z: O == v o P N NN NT T OO = 0@
o — — —
2 -
v
jn] O 0N = — »ni~< >~ S © S 7 QU (I S, gy X [
- o — =
- £
S Vi O\ =~ ] = [~ — 000 + A NN~ —— N M BN B NN = e—wn
= gt = - -
o
3 + ot = ®m =™ » NF = N0 AN OO B — i —w
o1 — — — —
. &
£
20 N o~ ot R O —_ N = NN N AN A= — @
7 [ o] I -
z
;\ thm-—(mHﬁ—"mem‘-‘ ol =N = > N v e ) e
= | N A — —
° ]
- >
= — W=t o~ (NN e = — () N e =t = o A V= 00T = =
Q o o —— —
= 3
Fl
2 0 B~ © AN v~ O - _NN N B0 e 0 BN =
= = =
3
° T N oM =t =Nt N o= —_— AN —— O\ w 00 e MO 0 =
IS o o =
)
=
5] o
¥ O e = O =~ NN = N F o~ ) = S e — O v Nt N —
w o\ o~ — _—
] =
=9
£
2 N N VN e NN ANT—— OITFTN N~ N —~N—O—~NNQ @
Qo o~ — —_
g
=] N O N EFO~—~ NN BN 0N N =M —M— 0 oA =
a b= it ~
=
d
= S VOO et =NV TFT O —w NN — =~ M —_ N~ N ®
o0 © =t =
=
E] N~ TN AONNONO— — N — 1w a5 A caie o
O - ——
< >
=~
0
v o~ MO~ 0 >~ NN - - + e “ -
0 — —
Q
2
= 5
E E = bt
R £2 g E -
wsS o < 5 ‘a o =) =} =
> = c ] =279 = ] = o = —
iy e om = =0 < “ = QJE'O = £ = <
w 383 = o - = E 5§ - 858« o O = S
2 3 % % 2 = = = S 0 80 3 o=
BE95E 2=20R2esEn3 b 5 o S0 aBSSS sS85 E
s&:_gmobaouﬂwuF:ozﬁygo:gggzsgeo
CoeENgORE-=S el B SR ceLESOoONEgEeSS5E
::n._.:...':>,.-.x@a>Oc>o._30;. Umuoo§33.~_0§m>
<< AOALITT A - B <O000 QAR A

https://doi.org/10.23637/ERADOC-1-156 pp 53


https://creativecommons.org/licenses/by/4.0/

ional License.

4.0 Internat

0on

Commons Attribut

ive

d under a Creati

icense

is I

is work

Th

8T
£9-0¢g1 Suunp arnuew pieAwie| paaladal 1o[d syl
} S 1 1 ] [ I z s BOIUOIAA
[ € s 1 [ s 4 T € cl xawny
¢ t 1 1 s s ¥ 1 I € snmounuey|
01 SI 8 g 12 & ¥ 1 & z odejue|d
Surwiyp 1o) 1pds jou sem ‘srayjo [k ax1un yord sy, 5 s i | ) I S s s S eprourduig
S s ] B[nzn
_ £ s z € b ¢ xauny Y i . R sl
| s ) 9 ¢ z g snnounuey UOPOIU03
L S1 S 1 s 8 8 ogejuelg e 2 OO - O A w:iﬂ
_ s s _ € £ 1 e[nzny € b wnife
0l B 9 1 } 1 1 uopojuod] ¢ = : fed
7 s [ ! € v S I 1 € £ wnrpodouo)
é I S ) ) ! 1 erpneud| ’
. x & il S [ I s [ s s I 1 ] wIngseIa)
| 1 s € C S z wnipodouo)
3 [ 4 8 I S L 1 1 1 BOINBIUI)
! I s I € 1 s WInMsea) . e
G < S C ¢ ] 1 BAINEBIU) I I I Z I I (& € 1 C 1
s S [4 [ I 1 S Xale) 1 1 ) S ] S S [ I suados wnrjojuy,
& T ! £ 14 1 I BI[[IYIY S I € 14 [ I I s s s asuajeld winrjojuy,
z s s 1 snjo
3 } ) [ & s suado1 wnrojuy, or ¢ 4 6 I 4
S ré Z z Z ¢ z asuajerd wnrojuy, C & 4 C [ I S 14 I 1 SnIAYIE]
L (4 ¥ £ S 14 & sMo] ! 14 (4 s I I € ¢l 9 9 winjasuy
I C I 2 z T z snIAyIe] s s ) z £ 91 8¢ m:szu e0d
: : ” - 1 z I ] s s I Z t z sisuajerd eog
i ’ H : : b . s ol 1S ! s s S5 € ¢ [ wnyjo
) | I z ¢ SI[EIALI} BOJ o ) %
e 8 S 8 I I I sisuajeid BOg T 6 S € {1 [ T e T STIOJOH
] 7 Z 6 € 7 umnio G 0t 81 £ S S 8 ol 14 € COLU.—EO&OSQI
3 : o o 210 ik S P ST IS 9¢ II 01 ¢ $ BIQNI BONISI]
€ S € ol 14 9 S SOJOH s1[A1o®
12 ¥ 4 € S 9 ol UOYILI0301[9H L sl S 8 I # & & 2 ¥ Em_mc:\ﬂn_
61 01 €€ Iz 9l 2l 2 BIQNI BONISO ' : . } fitnasies
T £ G 14 0l sisudjeld eonysey 5 14 91 81 d
6 4l 14 € e € € sijA108(] L4 (4 £ C 3 9 [ s ) BZLIg
9 : o1 b 5 z I ezuIg s s s [ s 1 s s z WINIAYIBUIYLIY
I t I 1 z I I wnoy U1y s T 1 [ R A 8 wnyjuexoyjuy
€ 8 £ S L 8 ¥ wnyuexoyuy ¥ I [4 or I e € 9 (4 € sninoadory
8 < I I € € € snundadory SRS [4 or 8 8 8 Il § > snso1dy
€ S 8 €1 Il S 6 sNSoI8y 6v. 61, vl6l 6, 61, vi6l LL, TL, L9y T98I
6P, 6l, viel LL, TL, L9, 981 AINIT AIWIINN
ELE/ 1B3
AQIWIINN ‘AIANNVIANN ‘T LOTd Jo (%) uonisodwo) [ediuejog 0 A14V.L AIINNVIANN ‘T LOTd Jo (%) uomsodwo) [eorueiog 6 AT4V.L

pp 54

//doi.org/10.23637/ERADOC-1-156

https


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

o
™~
O NN —= 1 @ Il I N = o et S W) = et e et O et O = o= W) P e
~ 2 — —_—
2N—-<\OwN<‘lvoov-—<m-—-Nm[\m-—-«m—«mmmc\x(\zmopqrquu
W O~ —NFONANN B~ IO~ — ™N =IO NN — @
= — —_ ——
S S oieh sk (00 W el VNN v e N v 2OMO O ®
O N> = =T 00NN~ IS B — = )2 St~ N v o—
= — b
a-—mmmmmm\om.—‘mm O e ) D et = vt D AT O\ 3= 00 NN —
— — —
a
=
— W0V Bt D NTFTNON—~ N — < Vet 2 M N v almMn -
- ™ S — — —
A
-
-4
=) - —mWVn—~ oo Cwnnmm — O <t B D AN — DO WV D
Z 5’) — —
<
=
% C N anmnmbNe—~0nN O v =M u ot , — N —~ — —
& o™ — — —
o >
=
-
a c\ac‘\lmmm—~w\oc\\oc~lmm N — = — g =N~ O O =
4t S - -
o o
<
g 8
S’ >l
=] N NT @OV AVMN N NN — = —~ oM ®» o 0= a0 — »
(=} ™ — o
=
7]
=]
.
g gmomumﬁ-@l\c\lmuc\l OV N © NN\ 1 0D~ = O~
(& e
=
3]
g
E ) N~ rties T~ 00 00 00 oA CN == 08 (YD ) T i e e 0 e N e e Bl ) o
° sﬂ —
faa]
—
—
w N TN DO —~ANN F N — —_ B~ D2 N0 T B
e ‘(_\l — — o
[2=]
<«
=
gf\lln-—-mwoomooo\—‘“m OIS = ot DY) 42 0 et = DOV O] 2 et =
D =N LAV AANVN =N AN NN B O —~—Cl— » =M =
— — —
<t
—_ N — O NN TN~ NN — et ot 4 F O e )
o)) — o — —
—
)
Z oo
=
== = g3
=2 £E6 = o 2 £
25 8 T a = SR 5
1—55 == L = v £ B SE-G Q = E_E =]
@o 2 8w B oy = “;E;‘. o« =30 a2 o O o 13
= B3] g S8 o0om®as 5 23 o 32 a0l as @3 o %o
w08 g 323858 0238 Sxah Eo8E5asnS0E
casS g2 ®Y 3060 2589233 aLg2EOC
EorvrENoOoLhS 2T el Jd28yY SESRSSO0ONESESE =
oné anUOOOHSO'H'—« Omocoéﬂ:l...ﬂo“’:"’)
<< <<ddALnELE R ddEm <8380 AEEDE >
https://doi.org/10.23637/ERADOC-1-156 pp 55


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

g YiEl— Siean a0 s Alielien =00 il e NO » O N Al
9,0 W~ N =Moo~ N~ WY —~ NO 8 a = ® B — = D
e ISl -
E«
-
Sl
—_ (N = e~ =N NN —_ N = V) @@ —t 00 — —_ D~ — ot = ——
o ol — B
QA NS NN = = T OIN 2 FTO Re— We— =00 =<t O
& oy
oo
& 3
.-‘; O\~ 2 M= =N FTO NN Nl == (NOO— » @ 00—~ 1O g
..—' = —— g = ©
5 (=
=] S
= :
gt <t — = o NN ANIO0 = —~— 0 NN—= BN — O\ — wvaMn o » 0~ = ) —
° —_ o — — o
: =)
S -
g !
= o
2 o z
= O - VA= —=—=0C O +=——m N> N N — v e 30— — 3
7 = a —_ — — s
: 5 o
o vl
g > 0 _
(=] ——
o I
= ~ O+ N —\O< O\ VA Nt B N — ——— @ \D N g
k] o~ - — —t =
zZ a =
2 = a
o S A TSN ~OTNM AaTO FTE S B N e e e o
~ S = 3] b=
= 1)
- =t
2 B 40 6 b mis B WS Ot o ADogh i v NomN ~ MO~ —n E
= : =
o~
O = == NOONO—~tnt v ow —_—— — ) — ——— O + \O <t
0 —
L
2 a
EE S8
:SE ‘“g Iz ;g.. £
- — —
wS & ° 5 D 2 a B = = E]
3 = = = = « pr 5] < iy
Boe 20 3 @ £ E SES = o E3
a3 g @49 S E 3 55 §530x3 _2&5°2
D0%g =28cwEe®&3 & w22 o35 gp02 s ¥3 X
2 © C = >335 3 BEs Zug=E3 =86 EeS=2d¢E 5
T I R R TS 0o 23 co 3£ 8222 a =
EoEENOLESE s S eae? 208 e E2oNEgRe O35
e = 5 :NQQOOQO\_.S‘SC:»..\_Uopqéﬁﬂ._.‘_cc‘zm
<< <4</ AL TEALEE Oee <000 JE &

30.

https://doi.org/10.23637/ERADOC-1-156 pp 56


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

31

— N W — ™ N ?2\O @« — @ D~ 8 o = — o~ - » —
£ (ons o} .
Vi A\~ m—~ » = v o+~ — V=<t - = — o~ ~ © wn ]
‘I:-N —_ —
0 tTooT N BN BN~ M e — nnmn << —— o~ — @
™ — —_ —_
> V<t~ — o - ) Dot e oaxF (N 00D~ <t — = v — o = e
3 o -
gmxomm mt_u\:] O N \o N~ NV — M NN - —— 0 N e
N ot o™ o0 N — — “u OANWnT o0 - — O = ot
] (o} (]
0~V =W - N o — N N - =Nt 1 N0 DN I 0N — W) N =
© o — —_
S N on \O ~—O - e e NS O - N < » N -~
o — — — —
a2 S
=
E O O—=< N+ (32] OANT N +=— OO u Moo (o IR ) GRS R e
&3 ) — p — —
&
:“ n oA » o o ™o —_ e =N = W P N @ o
=) «™ o~ o
=
= N —~ NN+ F OO0 e O o AN At B st
Z o = o
A
=
- T TN~ = (o] e SN QAN N e NN » <t — 0N — -
~ N — —_ — o
S
| N VAN - - O WM = == O\t \D B ot vt IO = = — N —
B Y e - o
B
~ - N V=N~ = =2 TONT AN+~ N~ = NO —) B e (] = O] e
R 8 N~ — (] —
S’
=
_Q — O e W) e e et o0 N N — = 0~ ST NN —— » — o -
= o ] — —_ —t
= <
(=]
E‘ G AN M = N o< — B N 2= ON =T @ —_— 0 —
—_— —
s <
o
= < NS~ L5 ANNMN B2~ B —~ =N~ N> U~ »u » —— A —
8 — — on —
8
=]
° o
o] gmv-«—«u—-mwwvmum——«hgw\ov A= BN 0 =N~ —
o —
—
ﬂ rr:gvsm.-,o-.-vﬂ(\cammwmv O = N+ vt 42 (N 3 0= > ©
2 r o —_— —
<
5 A N2+ 2N +~NAMN—~NANT N N o=~ 3 = e —
~ o~ — o™
$\0—1v~~~m—<—‘vmm—wﬂn N B N = O\ D~ ¥\ - »
— —
N~ Nw N TN~ O~ = =0 —— ) e O » «n
:O —— —
o]
vy — - O\ — \te] ™M < » o0 ] —_ w
o0 — —_— —
—_—
2
v
- = @
w
£ E 2 _ = 28
= = o 8 5 % < 0O,
wusS o ;.5-: B @ ae E @
32 £35S g = Bl aet s Sm B E
e TR s 88g g EE ,2EB3 ZF o3 3«
£38c 8588238 f3 8 22 85523822 xg3:2
SAS2gER220535g 2800 S28vo 37 as388%85
oY mNSgOLTLE—-S o .@ H‘-"""“-ccsthECCE.‘-EI—
?zéghkm,u,uDOSOotss‘:‘: Soecs0083ESdSA a0
MpmALEm T T Adaa = FE <OOO0IRAREXunE>

https://doi.org/10.23637/ERADOC-1-156 pp 57


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

Year
24 25 435 36 37 38 39 40 47 48 Y75

29

o™
(%
-

O

TABLE 14 Botanical Composition (%) of PLOT 7, PK Na Mg, LIMED
‘19

1914

o™

Agrostis

vy

o

16

o
N

10 17 16

12

15

10

Alopecurus

Anthoxanthum

o

12

19

157 7/

6

™M

Arrhenatherum

Bromus
Dactylis

(o}

16
12
13

14

19

(]
ol

17

10

12 10
10

19

(o}

™

10

13

Festuca rubra

6

(]

(34

Helictotrichon

Holcus

o™

(o}

o

Poa pratensis
Poa trivialis
Trisetum

9

6

cl

13

(g |

16

24

377

29

20

16

Lathyrus

Lotus

Trifolium pratense

3

6

6

Trifolium repens

Achillea

%]

Anthriscus

Centaurea

Conopodium
Heracleum
Knautia

12

£

o

o

Plantago

(o

(a0

[32]

Ranunculus
Rumex

ol

nd)

S

(o}

(=)

o

Taraxacum

o

o~

(o]

o~

(]

Tragopogon

https://doi.org/10.23637/ERADOC-1-156

pp 58


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

o ‘33 49

29

LIMED
27
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1931

40
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Year
20 23 5 ‘27

‘19

UNLIMED

‘14

TABLE 15 Botanical Compo:silion (%) of PLOT 15, P K Na Mg

1903

2

‘67

1862

~

cl

14

9

13

Agrostis

15 29

14

19

11

18

14 30

10

ol

Alopecurus

o

o™

(o]

Anthoxanthum
Arrhenatherum

Bromus
Dactylis

14

11

9

o~

6
17

16

10

o~

v

o™
o

14

Festuca rubra

12 13

13

11

o

(2]

cl

o

(o}

Helictotrichon

Holcus

o~

o™

11

o

15

12

ol

Poa pratensis
Poa trivialis

Lolium

(o8]

ol

o™

Trisetum

13

14

26

14

18

(]
(o]

16

15

Lathyrus

[}

Trifolium pratense
Trifolium repens

Achillea

16

o

o

[as]

o

cl

10

16

ol

10

o

Centaurea

9

Cerastium

(o]

Conopodium

Galium

Luzula

10

10

v

10

ol

15

13

Plantago

(o

Ranunculus

Rumex

Taraxacum

This plot has received PK Na Mg since 1876, between 1858 and 1875 96 kg N ha™' was applied as sodium nitrate annually
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Year

1903 ‘14
1 8
S N
] 4

7

9
s
8

TABLE 16 Botanical Composition (%) of PLOT 8, P Na Mg, UNLIMED
‘67 ‘72

1862
10
s

Anthoxanthum

Agrostis
Alopecurus

(o]

14

1y 11

10

Arrhenatherum

Briza

-

o™

13

Dactylis

24

12

12 10

18

25

24 20

18

Festuca rubra

Festuca pratensis
Helictotrichon

Holcus

13

17

15

11

18

10

Lolium

Poa pratensis
Poa trivialis
Trisetum

o™

N

Lathyrus
Lotus

(o]

6
18

12

10

19

8

Trifolium pratense
Trifolium repens

Achillea

6

[a2]

10

[40)

Centaurea

Cerastium

Conopodium
Galium

on

Knautia

o

(o}

Leontodon

[uzula

o

o™

Pimpinella
Plantago

16

Up]

10
10

19

Lag)

33

10

13

18

o~

ol

Ranunculus

Rumex

o™

(o]

Also received K 1856-61 and Sawdust 1856-62

34.
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