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analysed from each sub- or half-plot-
The plols sampled in the four years were as follows:-

(l) tt73 - sub-plots c and d of plots I (Nr),4'z $rP),9 (N, PKNaMg), 10
(N,PNaMg), ll' (N:PI(NaMg), ll'? (N3PKNaMgSi) and 18 (NrKNaMg), i.e
plots receiving N as ammonium sulphate.

(2) 1974-sub-plotsaandrof plots42,9, 10, llrand ll2 and also sub-plots l3c
and l3d(FYM and fish meal).

(3) 1975 - untimed (U) and timed (L) half-plots of plots 3 (unmanured). 7

(PKNaMe), 8 (PNiIr,iG), l4 (NiP'KNaMs), l6 (NiPKNaMs) and l? (ND.
(4) 1976 - unlimed (U) and limed (L) half-plots of3,7, 14 and sub'plots a, D and

c ofplot 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 l-2% of rhe 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 expresed 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-makin8 and it is possible that the contribution to dry weight may
differ slightly from that to hay weight. Since yields ofmany plots differ gleatly 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 chaages
that have occurred on them with time and to report on the effects of the new liming
scheme - are considered separately.

RESULTS

I. CHANGES WITH TIME
A. PLOTS NOT RECEIVING NITROGEN

I . Unmanured plots [3. l2 (since 1856) and 2 (since 1863)]
Ahhough most treatments are neither randomised nor replicated two plots,3 and

12, at different ends of the field have received no fertilise! from the start. However,
Lawes, Gilbert & Masters (1882) considered plot 3 to be the true 'contro[' plot since
they deduced that soil had in the past been broughr in to plot l2 to level this paIt of
the field. The soil of plot l2 has differed in chemical composition from plot 3 and
yielded more hay for most of the duration of the experiment (Warren & Johrston,
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 I 858 (Lawes & Gilbert, 1859), is a reason-
able indication of the flora of the whole field at lhe start of the experiment. About
twenty species ofhigher 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
l9l0 and 1948 the number ofspecies 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 4l there is no evidence of any change in the number of
snecies during the last 30 years.

The relative conlributions 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 (Tabte 8). Grasses contributed 767o of the yield on plot 3 at
the start and other species less than 2@a and these proportions remained unchanged
for about thirty years. Afterwards % grasses decreased, averaging 53%, and other
species increased to about 407o, but seasonal variations have been large. At the same
time yields declined by about 5070 so that the net amount ofgrass greatly decreased
but other species remained much the same. kgumes have ranged from 2 to l9% but
usually 5 to l2Vo and ayee$ed,'l%; they have not changed systematically with time.
The most plentiful grasses at the start werc Lolium and Ilolras which together contri-
buted about a third of the herbage. Anhenatherum, Anthoxonthum, Agrostis ar,d
Fesnca all contributed at least 5%. Lolium ar.d Anhenatherum then declined and
since 1877 have not made a significant contribution to yield.. Anthoxanthum remarned
much the same but,4grostrt increased as also did f'esrrca zDra and these have been
the two main grass species thrbughout. Fe stuca rubra has irlcteased markedly since the
last hay ana.lysis in 1949 and grasses now contribute more than 60% to the yietd.
Amongst the legumes, Zotus has usually been the main constituenti lar&/zs 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. Porel-
,um, prcsent in small amount, and leontodon, absenL 

^t 
the start, have been abundant

from the beginning of the ce !ry. Plantago has also been plentiful throughout but has
fluctuated systematically from only 3% between 18'12 and l9l4 to about l3% from
then until 1939 and afterward s abo:ut 6Vo. Ranunculus species,2-5Vo in the early years

have been less conspicuous since then, but Centaurea ilcteased from a small amount to
2-lwobelween 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, P/antago and Poteium were no more abundant in 1976 than in
1975. This contrasts with results in 1937 and 1938, with similar sequences ofweather,
when the % ofboth species was two-three times greater in 1938 than in 1937.

Plots 2 and 12, not analysed duirng 1913-76,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 l0). One of the main differences is that both
hzve liltle Poteium.

Liming on plot 3 initially increased % grasses ard decreased % other species, com-
pared wiih thi untimed hatf-plot [Table 7(a)] . However, % grasses have d eclined 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
mid40's. The number of species has been litde affected by lime; there has possibly
been a slight increase. Lime soon incre ased Helictotichon and Enza and decreased
lSroJris (Table I l). Percentage Biza, although usually greater on the limed than on
the unlimed half-plot, declined from about the mid-20's onwards and Helictotichon
has also declined morc rccer,lly. Festuca, almost as plentiful on the limed as on the
unlimed half-plot until about the mid-2O's, declined more on the limed than on the un-
limed half-ptot and it has usually been more plentiful on the unlimed half-plot.
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Recently Fesfaca has also increased on the limed end- Trifolium pratense has increased

since the mid-I930'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, Afterwatds 7o Poterium and Plantago hate been greater on
the limed than on the unlimed half-plot and during l9'15 and l9-16 Vo Leontodon was
also larger on the limed than on the unlimed half.

Plot 4t (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 Vo

Agrostis alrd Poterium,but a larger % legumes and Rrmet than the unmanured plots.

2- PKNaMg (PIot 7)
As on plot 3 (unmanured) % grass declined on this plot after the first 25 ),ean 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 m.jch larger Tolegumes in most seasons. Even in
the third year legumes, mainly Trifolium pratense,were 23%,brt afterwards Lathyrus
has been the main comDonent of this sroup (Table t3). The 1975 and 1976 analyses
slrow that, as on plot 3, % grasses have tecently incrcased,To legumes and other species

have decreased. This conclusion, although based on results from two contrastin8
seasons, must, nevertheless, remain a tentative one since the recent values are within
the range ofvariation recorded in the past. Visual surveys, however, during the past
ten years have also suggested a decline in the legumes on this plot.

Da.ctylis inqeased on this plot during the beginning of this century (Table l3 ), and
made a much larger contribution to the yield of this than of the unmanured plot. The
1975 arld 1976 analyses showed that it declined between 1948 and these dates but was
still twice as plentiful as on plot 3. Percentage Agrostis ar,d Fesrrlca 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, I1o1cus has
increased on this plot.

The recent decline in legumes has been malnly in Lathyrus; Trifolium prqtense has
remained at the same level as in 194'148. Achillea and Heracleum haye usually been
more prominent here than on the unmanured plot but both now contribute only 1%

or less of the herbage. The large arnowlt of Achillea recorded during 194'7 and 1948
did not pelsist. Poleriltm a\d Leontodo[. 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. Ranex 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 cont buted about 6GZo of the yield but
have ranged from less than 40 to more than 807a, and during 1975 and 1976 were
respectively 48 and 4Wo fTable 7(a)] . I-egumes have also ranged widely, averaging
abott 25% ajld other species, about 12%. Therc have been no definite trends with time
within the three main groups. However, within the grasses,,4 r rcnatherum has increased
with time, especially during the last 30 years, and now makes up 30% ofthe herbage,
but Alopecurus and Dactylis bolh prominent throughout have decreased during the
same interval as also have Helictotichon arLd. Tisetum (Table l4). Festucd rubru,
much decreased by lime, further decreased with time so that it now contributes less
than I%of the herbage. Both Poa species have maintained their co ibvtion. Lathyrus

+R
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although variable between seasons has also probably maintained its contribution and
was abundant in 1976. Tnfolium praterse increased from the mid-3o's but T. repens,
which was then conspicuous, is now infrequent. The most abundant other species aIe
now Taraxocum, Heracleum ar,d RanuncalLs but their 70 contribution was much larger
in 1975 than in 19'16. Heracleum increas€d about fifteen years after liming but the
increase in Taruxacum has been more recent. Centaurea and Knautia are now less

abundant than in the past.
Ptot l5 (Table l5) received 96 kg N ha-r 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 l0% by
1880, alrnost 2070 during the next ten years and about 4Wo between l89l and 1900.
The level then decreased somewhat but with large seasonal variations. The reappear-

ance oflegumes on this plot was faster than where the same amount ofnitrogen as

ammonium sulphate was replaced by PKNaMg (original Plot 6). Plot 15 has had more
Alopecurus and Dacrlrll's than Plot 7 throughout most of the expedment. However,
stdct comparisons between the limed halves of the two plots cannot be made for
particular years since limirg started l7 yean later on Plot l5 tha[ on Plot 7. As on
Plot 7 liming encoura1ed Arrhenstherurn but Dactlri has usually been less plentiful
on 15 than on 7. Trifolium repens has been more abundant on the limed hatf of l5
than oo 7.

3. PNaMg (Plot 8)
This plot also received K and sawdust during 1856-61 and 185652 respectively.

Omitting K had large effects on % Iegumes 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, becaus€ 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,4Sroslrt than the unmanured and PKNaMg
plot since c. 1930; as on those plols 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 ihe recent analyses (Table 16). Arrhenatherum, although recently declined
has been more prominent than on the unmanured or PK plot, but Dacrl/ri has, except
in 1947 and 1948, been less abundant than on the PK plot. A marked permanent
declirc n Lathyrus occurred during the 1920's and the legumes now consist mainly of
Tifolium znd, Lotus. Plantago has contributed l0-307o since the beginning of the
celtvry z d Leontodor is also prominent and possibly increasing, but.4cfi /ea 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 l7). The main difference is that Helictotichon is much more
abundant with than without lime. As on the unlimed half .4rr&enatherum and Dacrylis
have recently decreasedbul Anthoxanthum adtd Festuco rubra ir.creased, a;r.d Plantqgo
and Leontodon are the main other species.

B. PLOTS RECEIVINC NITROGEN AS AMMONIUM SULPHATE
Some of the most spectacular treatment effects on Park Grass and some of the

lalgest changes with time have been due to the acidifying effect of ammonium sul-
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