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Changes in Yield and Botanical Composition caused by the New Liming Scheme
on Park Grass

E. D. WILLIAMS

The new liming scheme was proposed for Park Grass by Warren and Johnston (1964)
and was started in 1965 as described by Warren, Johnston and Cooke (1965). euartei
plots are now differentially limed to permit comparisons of the effect of the fertiliser
treatments on the yield, and botanical and chemical composition of the herbage at a
wider range ofpH values than was hitherto possible. It is intended to establish and main-
tain soils on subplots a, b, c and d at about pH 7, 6, 5 and 4 respectively. Howeyer, so
far no attempt has been made to increase the pH of sub-plots a to 7 where they are less
than this and only 13 of the other sub-plots have been sufficiently acid to have received
lime under the new scheme. The new scheme has now been in operation for eight years
and Johnston (1972) described the changes in soil properties, particularly aciOity, that
occurred during this period. This report describes concurrent changes in the yieid and
botanical composition of the plots.

Since 1960 yields for both cuts have been estimated from the weight of herbage from
sample strips harvested by a flail-type harvester and dry matter determinations made on
sub-samples. Before 1960 dry matter yields were estimated after the herbage had been
made into hay on the plots. At the first cufting in June the produce of thi remainder
of each plot is cut by a cutter bar type mower and made into hay but at the second cut,
usually in September or October, it is removed by the flait harvester. yisual botanical
surveys ofthe vegetation are made twice a year, before the summer and autumn harvests.
At survey, the relative abundance of all species in inflorescence on the plots is recorded.

The absolute yields, to the nearest hundredweight, of all plots whoie sub.plots have
received lime under the new scheme are given in Table 1. In considering the effect of
the new liming on sub-plots which have received lime under the new scheme (Tables 2a,
2b), the yields of sub-plots c (previously unlimed, now limed) are compared with those of
sub-plots d (continuously unlimed) and those of sub.plots b (whose pH are being raised to
6) with lelds of sub-plots a (whose pH have been maintained at the values they were in
1959). When assessing changes in the botanical composition of the plots it is important
to recognise that the method of survey is relatively rnore sensitivi in detecting smalt
changes in recently introduced species than similar changes in species that have always
been abundant on the plots. Table 3 summarises the main changes tlat have occurred
on sub-plots whose botanical compositions have been affected by recent lime. Details of
plots whose flora are largely unchanged are not giyen here as the, are available elsewhere
(Brenchley & Warin$on, 1958).

It is convenient to consider changes in sub-plots b and c separately. Within sub-plots c,
plots are considered in four categories: plots not given phosphate, plots receiving phos-
phate and the intermediate amount of amnonium sulphate, plots receiving phospharc
and the largest amount of ammonium sulphate and the plot givea organii manurcs
(farmyard manure and fish meal).

Subplots ci preyiously unlimed, now limed

Plo* not receiitq phosplute aad preflnsly dondnated by Agrxltis tmds. This group
consists ofsub-plot lc (43 lb N as ammodum sulphate annually) and sub-plot 1gc (36lb N
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TABLE 3
Ch0nges i botanical composition of recently limeil, previously acid plots on park Grass as

assessed by isual surveys betrleen 1%5 and 1972
Plot numbeB

Sp€cies

Grasses Agrotris renuis
Alopecurus pratensis
An hoxoithum odoraturi
Arrhe atheram elatius
Briza media
Brcrias nollis
Dacrylis glomerata
Festuca rubra
He I ic totric ho n pubses ceas
Holcus latutus
Poa prarensis
Poa trivialis

Lrgud€s l-athyruspraterrsis
Ttihlium pralense

Othe6 Achillea millefolium
Anthriscus tylvestris
Ceitaurea nigra
C eras, i urn ho lo s t eoidet
Co opodium ,rajus
Hypchaoris rodicara
Ileracleurn rpl@ndylium
I2o odon autunualb
Leontodoa hispidas
Pinpin lla sariftaga
Planlago lanceolala
Rantaculut ocris
Ru ex acelota
Tatu acufi ofrcinaL

l8c
D
N
U
N

N
N
II
N
U
NN
N

N

N
N
N
NN
NN

N
N
N

N
N
I
NN

lc
D
N
U
N

N

N
U
N
N

N
NN

N
N
NN
NN
NN
N

N
N
NN
NN
N
I
NN

42c

D
N
D
N

tr
N
U
NN
N

N
N
N

N

9c 10c I llc I l2c

NN

NN

NN

N
D
NN
NN

DD
NNNN
DDD
NNNNN

N
NN
NN NNNtr
NN
IUD
NN NN NN
NNNN
N

NNNN
NN

NNNNNN
NNN

N
NN
NNNNN
NIINN
NNNNNNNNN

NN
N

D: decrease, U: uochanged, I: increase, II: largp itrcr€se, N - new iotoductioo, small
amoutrt only (not necessarily every year), NN : new introduction, now pleotiful.

Thc Latio names given here are as in Clapham, Tutin and Warburg's flora, 1962, and are not neces-
sarily the same as io the long-term records.

as amnonium sulphate and also 5001b of sulphate of potash, l00lb sulphate of soda
and 100 lb sulphate of magnesia).

ln 1959 the pH of the 'mats' (partially decomposed vegetation) and uppermost 22-5 cm
of soil on sub-plots lc and 18c was about 4. Under the new scheme the pH of the soil is
to be raised to 5 and between 1965 and 1968, 5.0 and 4.0 tons/acrc of chalk were applied
to sub-plots lc and l8c respoctively. By 1972 the pH ofthe 'mat' on plot lc was 6.7 and
on 18c, 6.3, but except in the uppermost 7.5 cm of soil on sub-plot lc, whose pH had been
raised to 4.7, lime had increased the pH of the mineral soil little.

These two sutFplots harle shown the largest req)onse to the addition of line in ttrat
the total yield of c relative to d has increased on them much more than on any of the
other subplots. Between 1966 and 1972 the percentage increase in yield of c compared
with d progressively rose from 6 to 125% for plot 1 and from 5 to 114/" for plot 18.
In 1972 the yields for the c and d sub.plots were, plot l, 23 and l0 and plot 18, 33 and
15 cwt dry matter per acre. The two plots differed in their response to lirne at the second
cut; lime decreased the yield of lc relative to ld between 1965 and 1967 and in the other
years (except in 1970) increased it very little. In contrast, on l8c lime increased the
leld of the second cut.

Conspicuous changes also occurred in the botanical composition of the swards. The
70
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number of species seen flowering on these plots trebled during the summer between 1965
a,nd 1972 and doubled during the autumn. The amount of Festuca raDra-which was
previously present on both plots-$eatly increased and the species is now abundant.
There has been a large decrease in the amount of Agrostis tenuis b\t little change in
the amount of Anthoxanthunt odoratum. Cerastium holosteoides, Conopodium majus,
Plantago lanceolata and Tqraxacant oficinale are now cortmon on these sub-plots.
Trifolium pratenseb*ame established on both sub-plots in 1967-68 but there is now more
ofit on lc than on lSc. Lathyrus pratensrs has spread zl-5 ft into plot lc from the adjacent
plot, l4d.

Plots re*irdng phosphare and the intermediare arrount of srnmoniam salphtte ud
previously tlomirated r/ Atrthoxatrthum odoratum. This group includes sub.plot 4t
(86 lb N as ammonium sulphate and 363 lb superphosphate), 9c (86 lb N as ammonium
sulphate, 363 lb of superphosphate, 500 lb sulphate of potash, l00lb sulphate of soda
and 100 lb sulphate of magnesia) and lOc (as 9 but excluding sulphate of potash).

In 1959 the pH of both 'mats' and mineral soil of these three sub-plots averaged about
3.7. Approximately 8 tons/acre ofchalk was applied between 1965 and 1968 in an attempt
to raise the pH to 5. By 1972 the pH of the 'mats' was 6.3 that of the uppermost 2.5 cm
of soil had increased by more than I pH unit (that of plot l0 reached O, but the soil
deeper than 7.5 cm was only slightly above pH 4.

Recent lime has increased the total yield of these sub-plots but not consistently until
1968. With the exception of a large increase for lOc in 1969, the yield increases of these
plots between 1968-71 ranged from 8-381. In 1972, however, lime only slightly increased
the yields of sub.plots 42c and 9c. The increases in total yield have been due mostly to
increases at the first cut; the effects of lime on yield at the second cut have been erratic
and usually depressive. For example, the yield of the second cut on sub.plot 42c has in
most years been less than on 42d.

Liming increased the number of species occurring during summer on sub-plots 42c
and 9c four-fold between 1965 

^td 
1972 and more than two.fold on l0c. During the

same years ttre number of species flowering on sub.plot 9c in the autumn alrnost doubled
but changed little for the other two sub.plots. Most of the increase in the number of
species occurred between 1965 and 1968. The amount of Festuca raDra increased on the
two sub-plots with incomplete minerals (i.e. 42c and l0c), more on sub-,plot loc than on
42c: at the start of the new liming scheme there was more Festuca on sub-plot 4ac than
on loc whereas it is now abundant on both plots. No FeJrr.ca species were seen on
sub.plot 9c (with complete minerals) in 1965 and only occasional plants have occured
silri(€. Arrhenatherum elatius b€lc;ame established on this sub-plot il 1967 

^ad 
Dactylis

glomerata in 1968 and both sp€cies are now plentiful. In contrast to sub-plot 9c, only a
few plants of Arrhenalherum and no Dactylis have become established on sub-plots
42c and l0c. The amount of Anthoxanthum a]!'d Agrostis has decreased and much Poa
pratensis now o@urs on all these sub-plots. The amount of ilolcus lanatus has increased
on 9c, but not on 42c and l0c. Occasional plants of Trifolium prarer?se have occurred on
sub-plots 4?c and lOc since 1968; on 9c the species appeared in 1966 where it has become
well established ever since. Anthriscus sylvestris and, Heracleum sphondylium are also
now conrmon on plot 9c, as is Taramcun oficinale on plots 4zc and 9c.

Plots rcceiting phosphate snd the largest arnoant of ammonium sdphate and pretioasly
domhtted by Holcns lanatus. This group includes sub-plots I I rc and I l2c. Both receiv€
129 lb N as ammonium sulphate and the same amount of P, K, Na, Mg as plot 9 (see
previous section). Plot llzc also receives silicate of soda as 4001b of water soluble
powder. Eight tons/acre of ground chalk was applied between 1965 and 1968 to ttrese

7t
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two subplots in an attempt to raise their pH to 5. The pH of the'mats'and soil was
about 3.7 in 1959 and by 1972 that of the 'mats' had increased to 6.4 but that of the
mineral soil to only slightly above 4-

The total yield of subplot ll1c has in most seasons been increased by lime but only
between 1966 and 1969 was there an appreciable increase in the yield of plot I lzc. There
was a small decrease in the yield of c of both plots compared to d in 1965 and very large
increases in 1968 and 1969, mainly because sub-plots d yielded very little at the first cut
in both years. Between 1970 and 1972 lime increased yield on plot llrc by 1G.121,
but on I lzc it did not affect it in 1970, decreased it in l97l and only slightly increased it
in 1972.

As might be expected the changes that occurred in the botanical composition ofplots
I l1c and I l2c have been similar. In 1965 both sub'plots were dominated by llolcas but
now each has ten or more species flowering on it during summer. In the early years ofthe
new scheme Ime delayed and diminished the flowering of Holcus on sub.plots c, which
were usually greener ttran the unlimed sub-plots d; this colour difference is the reverse
of that found for plots described previously, where d was usually greener than c. Occa-
sional plants of Trifolium pratense o@urrcd on sub-plot llac between 1966 and 1969

but no new grasses appeared until 1967. In that year occasional plants of Dactylis \terc
seen on both sub.plots, a ltttle Bromus and much Poa pratensis on lllc and a little
Alopecurus pratensrs on 112c. Since 1968, with the exc€ption of Bromus, these grasses

greatly increased and others sltch as Arrhenatherum beczme established so that in 1972

Alopecarus, Atrhenatherum, Dactylis, Poa pratensis and Poa trivialis were plentiful
on both sub-plots. Anthriscas is no\ry colnmon on l12c and occasional plants of it also
occur on I I rc, as w ell as Rammculus acris ar,d Rumex aceroJa on both sub.plots and more
rarely, Cerastium. As on the otler recently limed plots Taraxaanm also has become
established on these plots.

Plot recebingfotmyaul maaue aad fah meal (Plot 1r. Plot 13 has received 14tonsof
farmyard manure once every fourth year since 1905 and fish meal once every four years

starting in 1907. Since 1959 the fish meal dressing has been standardised at 0'5 cwt N
(approximately 6 cwt meal). The pH of subplot l3c was 4'7 in 1959 and l'5 tons/acre of
chalk, applied between 1965 and 1968, increased the pH of the uppermost 7'5cm to
5.8 and that of tbe 7.5-22'5 cm layer to 5'2.

Recent lime has increased the yield of this sub-plot in allyears except 1966; the increase
has ranged from 7 \ ir 1969 to 36% in 1970. Apart from 1966 and 1969 when there was
respectively 16/. atd 3l decrease in yield at the second cut, liming has increased yield
at both cuts. In contrast to the effects on yield, the new liming has caused no detectable
changes in the botanical composition of the sward.

SuLplots b of plots 42,9,10,11r and 112. The pH of these sub-plots is to b€ raised to 6.
The pH of sub-plots 42b, 9b and l0b, which do not have 'mats', averaged 5'8, 5'5 and
5.3 in the 0-7.5, 7.5-15.0 and 15.0-22.5 cm layers in 1959 (Johnston, 1972). ln 1972,
after sub-plots 42b and lOb had received 1.5, and 9b, 3'0 tons/acre of chalk between 1965
and 1968, the pH increased to 6'4, 6.1 and 5'6 at the three depths.

Plots I lrb and t lzb had surface 'mats' at the start of the new liming scheme. Lime
(6 tons/acre chalk) caused the 'mat' to disappear on plot 1l2b and the pH of the mineral
soil increased to 6 soon afterwards. Liming (10 tons/acre of chalk) of sub,plot lllb
increased the pH of the 'mat' from 5.5 to 6.4 and the mineral soil from 4'2 to 4'7.

In 1965, as with sub-plots c and d, recent additions of lime to sub-plots b decreased
yield relative to subplots a. The difference was slightly greater than between c and d:
yield was decreased by l0l or more for all sub-plots except 112b. After 1965, with a
72
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few exceptions (Table 2b), lime had little effect on the yield of these sub-plots. No
significant changes in the botanical compositions of these plots were apparent between
1965 rnd 19'12.

Discussion

As might be expected, application of lime to subplots c that were not limed before 1965

has produced large efrects on yield and botanical composition, but liming has caused
little change on sub.plots b which received lime under the old scheme prior to 1965.

During the years 1965-67 large dressings of lime increased the pH of the uppermost
7.5 cm of soil little, possibly because calcium was held in the organic matter ofthe'mats'
above the soil (Johnston, 1972). Nevertheless, during this time there were increases in
the yields of many ofthe c sub-plots and most of the new species that became established
on them did so during the years 196G68. This suggests that both increases in yield and
introduction of new species resulted from relatively small changes in the soil pH or
larger increases in the pH ofthe 'mats' or both. The pH ofthe soil of 18c was only 0'2 unit
larger in l97l than it was in 1959 (Johnston, 1972) so the increase in yield between 1965
and 1972 on this sub-plot must presumably be related to the increase in the pH of the
'mat'. There may well be, however, different explanations for the changes on the different
plots and depth of rooting of both the indigenous and introduced species is probably an
important factor.

The eflect of recent lime on the botanical composition of the swards has been more
consistent than on yield. Liming delayed the flowering of some species in 1965 but did
not affect the botanical composition of the plots in that year. The fact that liming often
delayed the flowering ofthe indigenous grasses could lead to erroneous conclusions about
the relative proportions of indigenous and introduced spocies, if these were made from
a single visual survey of species flowering in one particular season. For example, examina-
tion of plots I ltc and 1lzc in early June in 1971 suggested that the relative proportion of
Ilolctl.r to introduced species was very much less than a survey three weeks later indicated.

The new liming scheme has so far provided useful information on changes in both
yield and botanical composition resulting from application of lime to acid Agrostis-,
Anthoxanthum- a,nd Holcas-doairated swards. The rate of change in botanical composi-
tion of permanent swards dominated by a single species must depend in part on the ease
with which other species can be introduced. On Park Grass, where many species occur in
proximity, changes may occur sooner than in areas where such diversity does not exist.
Park Grass has long been known as a unique demonstration of how diflerent fertilisers
and liming afect the yield and botanical composition of grassland; the recent modifica-
tions on some plots \vith continuity on others has increased the ecological information
available from the experiment. The fact that changes are now occurring on previously
stable plant communities, whose history is known, should eventually contribute to a

greater understanding of ttre mechanism of these changes.
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