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Bot dcal Composition of the Park Grass Plots

E. D. WILLIAMS

During 1973-76 botanical analyses were made of hay samples from s€lected plots ol
the Park Grass experiment. These were initiated primarily to assess changes in ihe bot-
anical composition of sub-plots which had received lime for the first timi or increased
rates of lime under a new scheme of liming; the analyses were then extended to include
plots with unchanged treatment. Recent changes are considered not only in relation to
those_since the last analyses in 1948-49 but also to the main changes on th; plots through-
out the duration of the experiment. To enable this to be done all previous data wire
collated and condensed. A full report ofthis work has been prepared;1 the present paper
is a summary of that account.

Introduction

The Park Grass experiment at Rothamsted was laid down by Lawes and Gilb€rt in lg56
to assess what were the optimum amounts and combinations ofdifferent fertilisers needed
to obtain maximum yields of hay. It was sited on land which had been under grass for
at least a century; there is no record of any seeds being sowrr and so the speciei present
at the outset represented indigenous strains of plants. Details of initial treatmenis were
giv,en by l-awes and Gilbert (1880), changes during the experiment by Warren and
Johnston (1964) and present-day treatments by Thurston, Williams and Johnston (197O.
Briefly, the treatments can be considered in three main groups: (l) no nitrogen; (2)nitro-
gen applied at three amounts (Nl, N2 and N3) as ammonium sulphate supplying 4g,96
or lzl4 kg N ha-r; (3) nitrogen applied at two amounts (Nl and N2) as sodium nitrate
supplying 48 or 96 kg N ha-r. Within the three groups there are comparisons ofO and p
(applied as superphosphate) with and without K, Na and Mg for some of the
amounts of N.

Starting in 1903 and subsequently every fourth year until 1964 the southern halves of
most plots were limed at the equivalent of 2.24 t CzlO ha-1. In 1965 a new liming scheme
(Warren, Johnston & Cooke, 1965) was introduc€d. In this scheme each half plot is
further divided into two, giving four sub.plots (a, b, c and d) for each fertitser treitment
and it is intended that eventually sub-plots of all plots should have soils with pHs,
measured in water, of approximately 7 , 6, 5 and 4. A start was made during I 965-68 on
the first phase of this scheme when lime was applied to previously unlimed sub-plots c
to increase their pH to 5 and also increased rates of lime were given to previously limed
sub,plots D to increase their pH to 6. Only plots given ammonium sulphate were suf-
ficiently acid then to require lime- In 1976 a start was made on raising the pH of sub-
plots a to 7, where they arc less than this.

The management of the plots has remained fairly constant throughout: the plots have
be€n cut for hay every year, usually in June. During most of the years until l8Z7 the
aftermath nas grazed by sheep but sincr then it has been cut and carted green and yield
given as hay or since 1960 as herbage dry matter.

*'Botanical Composition of the Pa* Grass Plots at Rothamsted l85cl9?6' obtainabl€ from tlE
Lib8rian, pice !1.
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Past rfll present andys€s. The experiment soon showed how yield could be increased by

fertilisers. The treatments quickly changed the botanical composition of the swards as

shown by analyses of selected plots made in the third year (Lawes & Gilbert' 1859) and

more detailed ones during the seventh to twenty-second year (Lawes, Gilbert & Masters,

1882). Some plots were inalysed in 1903 and all plots were analysed in 1914, l9l9 and

during 1948-49 (Brenchley & Warington, 1958); many plots. were also complelely

analyied in certain years b€tween 1920 and 1946. Partial separations of the species into
threi main groups of plants-grasses, legumes and 'other sp€cies'-have also frequently

been done. Every yeaisince 1920 the presence and abundance of species in inflorescence

on the plots in June and in the autumn have been recorded.
Analyses ofsamples of hay from the plots were discontinued in 1949 because ofdoubts

about ihe relevan& of the ixperimeni to modem agriculture; the plots then- a?pe€red

to be relatively stabte. Analyses were resumed in 1973 to quantify some of the large

diflerences in 
-botanical 

composition brought about by addition of lime to previously

unlimed sub-plots c of plots ieceiving ammonium sulphate' In 1974 the botanical com-
positions ofsub-plots D, which received increased rates of lime, were compared with those

of sub-plots a, w-hich at that time had continued to receive lime under the old scheme' In
1975 a;d l97a the uDlimed and limed half plots of some of the plots with unchanged

treatment were analysed to assess changes since the last botanical analyses in,1948/49'

Additionally, "o.pi.i.on. 
of the botanical compositions of sub-ptots a and d it 1974

and lgT3.ispectitety with the corresponding limed and unlimed half plots in 194-8149

also provided , ."i.o.e of change during a quarter of a c€ntury on the parts of the

amm'onium sulphate plots which had received unchanged treatments. The results are

presented briefly in two parts; in the first section the results for plots with unchanged

ireatments at" gir", in rilation to the main changes in the past and in the second the

effects of lime under the new scheme are reported.

R€sults

1. Ctanges in botrnical composition with time (1856-1976)

A. Plots not giwn rtrrogen ferrtiser. There were about 50 species of higher plants on

the unmanuredplots at the start of the experiment but afterwards the number declined

to an average of 37. Grasses initially contributed 761 to the yield, legumes

abotst 7'/" and other species less that 2Ol. Afterwards grasses declined and the con-

tributio; ;f other species increased to about '10%. The most significant change within
the other species has been a tendency for thre€ sp€cies ltontodon hispidus, Plantago

lanceolota;nd Poterium sanguimrba to b€come dominant. I-egumes have *etaged 7f
ofthe yield and have not changed systematically with time. The most plentiful grasses. at
lhe stirt were Lolium perenne atl.d Holcus lanatus which together made up about a third
ofthe herbage but aftir the first ten yea,s Agrosris tenuis and Festuca rubra soon became

the main griss species. The largest recent change (i.e. since the previous analyses in
1948-49) on the unmanured plot 3 has been an increase ia Festuca nrbra which now
constitutes a third of the herbage.

The main effect of PKNaMg in the past was to increase f legumes; Dact/lis glomerala
has also been more prominent than on the unmanured plol all.d Itontodon ali,d Poterium
have been infrequent- Rec€ntly, as on the unmanured plot, f grasses have increased;

I legumes, espexlially Lathyrus pratensis, and other species have decreased. During the
lait J0 years Agrostis and Fesluca haYe increased tremendously and half the herbage

on this plot consists of these two species. With lime, legumes have usually been very
vigoroui but have varied seasonally; Alopecurus pratensis and Dqctrlis, both prominent
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throughout, have recently decre a*d bvt Arrhenatherum elatius has itcreased greatly and
now makes up 30f of the herbage.

. 
Wbgre {. is not added (PNaMg), legumes, especially Lathyrus, have usually been less

abundant but otler dicotyledons more plentiful. lgrostrs has been less frequent than on
the- unmanured and PKNaMg plots but Festuca his been plentiful. Limin&this plot had
little eflect, except to i.,crea'€ Helictotrichon pubescens. On both limed-and irnlimed
halves Arrhenatherun and, Dactylis have recently decrea sed but Anthoxanrhum odoratum
atr.d Festuca itcrea*d.

B. Plots receiviag nitrogen as ammortam salphar?. Some of the most spectacular effects
on Park Grass and some ofthe largest changes with time have been duelo the acidifying
effect of ammonium sulphate. All the unlimed sub.plots of plots receiving u-rrtoniuri
sulphate-are now dominated by acid-tolerant grassei. Dicotyledonous species were dis
couraged early and plots soon consisted of more than 901 gtass. During the early years
a decline occurred in Dactylis, Lolium and Poa trivialis arrd on most ofthi plots Agrostis,
Anthoxanthum atd. Holcus have competed for dominance. With the sma[;st amdunt of
ammonium sulphate without P and K,.,{grostrs became dominant about 1940 and has
remained so ever since. With the iniermediate amount of N and where p was also given
Festuca rubra was d.ominant for much of the duration of the experiment but ln thoxaihum
increased during the 1950s and is now dominant. With Na ind Mg as well, lgrosrrr,
Anthoxanthum arr.d. Holcus haye all been prominent during the last 50 years butTrrlo_
xanthum has been dominant for the last l5 years or so. Inclusion of K as well
(N2PKNaMg) resulted in -Flolcur being dominant between l93O and 1960 but since then
the herbage on this plot has also consisted mostly of Anthoxanthum. With the largest
amount of nitrogen (N3PKNaMg\ Holcas became dominant about 70 y.u.. igo
and has remained so ever since.

^ 
When 

-lime 
was given and potassium was not sttpphed. Alopecurus was the main grass

for the first 30 years or so after the start of liming but iestuca has been the irain
grass since the l940s. Where K is included (N2pKNaMg and N3pKNaMg) the main
grasses have &en Alopecurus all,d Arrhenatherum but their relative contributions have
fluctuated widely. In general, the 1975 and 1976 analyses showed increases in the amount
of Arrhenatherum and decreases it Alopeatrus on the limed halves of most of the plots
given N as ammonium sulphate.

C.Plots receivbry nitrogen us sodiam rtbatu. The botanicalcompositionofthe plotgiven
48 kg N ha-r as sodium nitrate contrasts strongly with that where the same amount of
nitrogen is given as ammonium sulphate. About 30 species of plants occur on this plot
and the vegetation has been relatively stable. Where PKNaMg is given, either with the
same amount or twice as much nitrogen, Alopecurus increased greatly during the first
60 years to make up 501of the herbage. It then declined and Arrhenatherum increased
at the same time so that the two species are now co-dominant. Liming decreased l/ope-
currs on both plots and the amount further decreased with time so that with lime Arrhina-
therum is domitanl.

2. Changes induced by the new liming scheme

A. Efects on botaaical composition of increosing to 5 tlrc pH ol sub-plots ccomporcdwith
thLt of sub-plots d, perrruuently anlimed. On plots receiving Nl and N2KNaMg, which
lack P, and where lgrosrrs is dominant, liming between 1965 and 1968 decreased. Agrostis
from more than 80{to 20 and 5o\rcspectively, and FeJraca was increased fr om3 to 50\
and from 0.1 to 14%it 1973. Since dry weight yield p€r plot was approdmately trebled
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the increases in Feshrca werc much larger and decreases it Agrostis much smaller than
the percentage figures suggest. A large number of other species also established on both
plots but in greater amount on theplot receiving Nl than on the plot receiving N2KNaMg.^ 

The unlimed halves of the three plots receiving the intermediate amount of nitrogen
and P were dominated by Anlhoxanthum at the start of the new liming scheme in 1965

and the unlimed sub-plots d continue to be so. Lime decreased Anthoxanthum from
about 70% to about 8 % and the weight per plot by at least 75 %' On the two plots lacking
potash, Festuca ircreased greatly to form about a half (N2P) and a quarter (N2PNaMg)

;f the total yield but with K (N2PKNaMg) the species formed only 3 
ol of the total vield.

Ilolras increased greatly on the N2PNaMg and N2PKNaMg plots and Poa pratensis

increased on all three sub-plots.
The unlimed halves of plots receiving N3PKNaMg were dominated by Holcus io 1965

and the permanently unlimed sub-plots d continue to be so. Lime decreased llolcas from

96 to 3i% and haived the weight. ln 1973 Arrhenqtherrff contributed 3Ol ar.d Poa

prutensis, ilopecurus arld Dactylis were also plentiful on sub'plots c-but remained absent

bn sub-plots 7. Liming allowed small amounts of a few other species to establish'

B. Dfects of increased applicatioas ol lime betweea 1965 and 1968 on the botanical co",-
positioi of sib-ptots b (whose pE is b"ing raise.l to 6) con!!rc! \ith ,hat of sub-PlotE ,
iti^"d urd", oli schenw\. On plots receiving N2P and N2PNaMg only small amounts

of lime were needed to raise the pH to 6; as a result few changes in botanical composition
occurred. Where increased lime was given to the N2PKNaMg plot the main effect was

to halve both the percentage and weight per plot of Alopecurus and to increase the

legumes, particulaiy Lathyrus. The pHs of sub-plots b of plots rec€iving N3PKNaMg
*i.e mori acid and so more lime was required to increase their pH to 6. The increased

amounts of lime on these plots almost halved Alopecurus but increased Arrhenatherum,

especially on the plot lacking silica. Ilolcus, which had been plentiful in recent years, was

greatly iecreased and Anthriscus and Heracleum were increased by increased rates of
liming.

Discussion

The effects ofthe treatments on the botanical composition ofthe plots have been reported

in many previous publications (e.g. Lawes, Gilbert & Masters, 1882; Brenchley &
Waringion, 1958). In the present analyses most emphasis was placed on an examination
of whether and in what way the botanical compositions of the plots change with time,
and ofhow they have been affected by lime under the new scheme. Although differences

between the plots were established early and many of the major differences have per-

sisted, the dynamic nature ofthe grass sward-the variation in the contribution ofdiffer-
ent constituents between and within seasons even with constant management and un-
changing fertiliser treatment-has long been recognised. The present analyses have shown

that over and above these short-term variations systematic changes in the botanical
composition of the plots coltinue to ocaur. On most of the plots oot receiving nitrogen
ther; has been a large increase in Festuca rubra during the last 30 years and Agrostis

has also increased geatly on the plot receiving PKNaMg. On plots receiving the inter-
mediate amount of nitrogen as ammonium sulphate lzrfior anthum has become dominant
during the last 15-20 years. On the limed halves ofplots given N2 and N3 Anhenatherunt

atd ilopecurus percentages have fluctuated so that their relative proportion now more
closely rlsembles that of 60 rather than 30 years ago. However, some plots, for example

the one receiving nitrogen (N2) as sodium nitrate plus PKNaMg, and the unlimed part
ofthe N3PKNaMg plot, have remained fairly stable during the last 60 years or so.
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Except on the plots given sodium nitrate the effects of lime under the old scheme are
now yery pronounced but the diflerence between limed and unlimed half plots are for
many plots not much greater than that which has occurred with time on the unlimed
half plots as they have gradually acidified. In so far as comparison is possible, the effects
of lime under the new scheme, where it has b€en applied to previously unlimed sub-.plots,
have appeared larger than the initial effects of lime under the old scheme. The reason for
this is that in the interval between the start of the two schemes (1903-65) the unlimed
halves became progressively more acid so that whercas a range of grasses was present
in 1903, in 1965 the unlimed sub-plots were dominated by acid-toterant giasses. Whereas
the initial effect of lime applied in 1903 was to change differentially the proportion of
species already present, the new liming caused species, which were abseDt at the time or
present in extremely small amounts, to b€ introduced or to increase on the newly-limed
sub-plots. Small changes in the pH in the uppermost soil layers on sub-plots c have
brought about large changes in botanical composition. These changes, which include the
reduction of acid-tolerant grasses, were accompanied by large increases in yield but in
general the effect of recent lime on the botanical composition has been more consistent
than on yield since it has been less subject to seasonal variations. The fact that the three
sutlplots dominated by Anthoxanthum were to a certain extent affected differently by
lime serves to emphasise that the effect of lime will depend not only on the original
vegetation and extent of pH change but also on the supply and availability of other
nutrients, the proximity of other species and the ease with which they can be introduced.

Although the experiment started as an agricultural investigation, the contrasted pro-
cesses of depletion and enrichment of nutrients on the different plots now limit the
applicability of much of the data to present-day agriculture. However, the fact that old
permatrent pastures may often yield as much as sown leys and that bred varieties are not
necessarily superior to locally-adapted indigenous slrcies under all conditions has
resulted in renewed interest and a reappraisal of the agricultural value and ecological
requirements of native species. The species present on the plots are mainly those adapted
to the specific conditions and this information can now be used to predict what species
would be most appropriate in particular ecological niches and at wLat levels of fertility
and pH. Most of the major changes on the plots oc.urred in the early years and changes
in the first phase of the new liming scheme are likely to be greater than in phases that
ensue. Nevertheless, as far as can be predicted, steady changes are likely to continue to
occur on most plots during the next 20-30 years. It is clear, however, that, whereas
monitoring the changes in the vegetation during the early years gave information of
general application, it may now serve as background to more detailed autecological
studies and to the comparative biology of species. The usefulness of any future data
will be enhanced if they enable the information to be used to predict succ€ssions at other
sites and attempt to describe the mechanisms of distribution and change within plant
associations and the nature and significance of differentiation within species.
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