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F 0 R E W O R D

The Park Grass Plots at Rothamsted, laid down in 1856, afford a unique

opportunity of studying the effects of long continued manuring with different

types of fertiliser on the yield and botanical composition of hay.

The experiment was one of the late Dr. Winifred E. Brenchley's chief interests,

and at the time of her death in 1953 she had nearly completed a revision of her

monograph Manuring of Grassland for Hay (1924) which dealt with the results up to

1919, so as to include the data for the next thirty years. In the present

version, apart from some condensation and a few minor additions, little

alteration has been made in the original text. The name, however, has been

changed, as a simpler title was thought preferable. The present publication

supplies the most recent data available on the botanical composition of the

plots, the regular hay analyses having been discontinued since 1949.

Observations on the flora are, however, still being carried out and the yields

from two cuts of hay recorded as before.

Mention must be made of the help of Miss Heather Pellant, who was largely

responsible for the final botanical separations in 1948 and 1949, and who has

given valuable assistance in the preparation of the tables.

K. WARINGTON

January 1958

The need for a reprint has afforded the opportunity to introduce some

improvements in presentation. At the suggestion of Miss J. M. Thurston, a new

table (1b) giving the yield for the limed plots and the pH values of all plate

has been added, the Figures have been grouped together at the end of the text,

and page-references included in the List of Contents. These, it is hoped,

will facilitate the use of the data.

K. WARINGTON

June 1969
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CHAPTER I

INTRODIDT ION

Manurial experiments on grassland have been carried on continuously at

Rothamsted since 1856. About 7 acres of the Park, with a silt-loam soil

overlying clay with flints were then divided into twenty plots* varying in

area from-% to 1/8 acre. Two of these received.farmyard manure, two were

left unmanured, and the others received different combinations and amounts of

inorganic fertilizers. In general, the same manurial treatments have been

continued on each plot, but any changes that have beenimade are indicated in the

appropriate section. A.plan of the field showing the treatments is given on the

front page. The area had been under grass for some centuries, and at the

beginning of the eXperiment, therefore, the herbage was a natural one and

quickly responded to the fertilizers used. After several years some of the

plots began to show signs of lime deficiency, and in November 1883 fresh burnt

lime at the rate of 2000.1b. per acre was applied to the west half of each plot.

Fbur years later, in 1887, a similar dressing was given to the east halves except

on plot 5, on which the second dressing was postponed till 1896. On plots

111 and 112, which showed much lime deficiency, a dressing of 1000 lb. per

acre was put on the east'halves in 1887, and also 2000 lb. on the west halves;

the same amount of lime was applied to plot 5 in 1896. Thus ultimately every

plot received a similar amount of lime over its whole area. In 1905 a fresh

system of liming was introduced to demonstrate the effect of long continued lime

starvation. 2000 lb. per acre of lime was then applied to the south half of

most plots, the application being repeated once every four years,.except in 1911

and 1919 when it was omitted. In 1920, 2500 lb. was given to compensate for the

omission in 1919 and after this the application of 2000 lb. per acre was resumed

once every four years. In the same year, a special scheme of liming was

introduced on plots 18, 19 and 20, the details of which are given in the

sections'dealing with these plots. The hay from the limed and unlimed areas

has always been harvested separately.

  
 

_'
J'— '__' W.

W:-

* Three of these plots 4, 5 and 11 have sinCe been subdivided.



Until 1872 the aftenmath was usually fed off with sheep penned on to each

area. On several plots the animals suffered, and as in addition their use

introduced factors other than those associated with fertilizers, grazing was

discontinued and the second crop was cut, made into hay whenever weather permitted,

or else carted green and the equivalent quantity of hay calculated.

The results of the experiments for the first twenty years were exhaustively

worked out by Lewes, Gilbert and Mastersm' 13' C
in their classical memoirs, and

certain of these plots, still unlined, were later dealt with by A.D. Hall 2.

Enrther detailed examinations of the flora were carried out in 191h

and 1919 by WLE. Branchley and the results published as a monograph 58.

Here the influence of the different fertilizers was traced from 1862 or earlier

up to 1919, and that of additional lime from 1905. During the next thirty

years (1920-19L9), botanical analyses of the hay were continued.on a number

of selected plots, and the results are incorporated in the present volume

as an extension of the 1924 monograph. The effect of lime has been specially

b'°'d (1925. 1930. 1935)].

Since the start of the experiment, detailed visual records have been made

dealt with elsewhere, [Branchley 5

on the herbage, and from 1920 at least two such field surveys have been carried

out each year. These have been used as a source of additional information, but

all numerical data are derived from the hay analyses only. Fbr the sake of

continuity, the original nomenclature, with the exception of Fegtuca oving, (which
 

has been more accurately termed F.rubra} has been retained. The equivalents in

the new classification based on "Flora of the British Isles" Clapham, Tutin and

'Warburg (1952) are given below:-

 NOMENCLATURE

As used in this and earlier publications Clepham1Tutin.andHWarburg 19§ .

Gramineae

Aggostis vulgaris Agrostis tenuis

Airs caespitosa Deschampsia caespitosa

Arrhenatherum avenaceum Arrhenatherum elatius

Arena flavescens Trisetum flavesceng  

Avena pubescens
Helictotrichon pgbescens



   

Leguminosae

Ononis arvensis Qnonis repens

Trifolium minus Trifoliumjgubium  

Miscellaneous Species

   

  

  

  

 
  

 

  

Carexgpraecox Carex caryophyllea
Conopodium denudatum anopodium majus
Epilobium angustifolium Ehamaenerion angustifolium
Potentilla tormentilla Potentilla erecta
Scabiosa arvensis Knautiafiagvensis
Spireae ulmaria Filipendula ulmarig
Stachys betonica §tachys officinale
Taraxacum vulgar; Taraxacumfigfficigalg  

The numbers attached to the names of the species in Tables 2-6 are for
convenience of reference only and carry no significance.

In 1940, a number of large trees were felled on the north side
of the field adjacent to the unlimed halves of plots 5-13. This may
have some influence on the flora in this area, but so far no definite

changes have been observed.

1. (a) Lawes, J. B. & Gilbert, J. H. (1880). Agricultural,
botanical and chemical results of eXperiments on the

mixed herbage of permanent grassland, conducted for many

years in succession on the same land. Part I.
Phil. Trans.fR. Soc. 171, 289-416. 

  

(b) Lewes, J. B., Gilbert, J. H. & Masters, M.'T. (1882).
ibid. Part II. Phil. Trans. R. soc. 173, 1181-1413.

(c) Lawes, J. B. & Gilbert, J. H. (1900) ibid. Part III.
Phil. Tgans. R. Soc. 192, 139-210. 

2. Hall, A. D. (1905). EXperiments upon grassland mown for

hay every year. The Rothamsted Experiments. Chapter 9,
pp' 150-159-

 
5. (a) Brenchley, W. E. (1924). Manuring ofgraSSland for h 1.

(The Rothamsted Monographs on Agricultural Science). 14" pp.

(b) Brenchley, W. E. (1925). The effect of light and heavy
dressings of lime on grassland. J. Minist. Agric. Fish.

2g. 504-512-

(c) Brenchley, W. E. (1950). The varying effect of lime on

grassland with different schemes of manuring. J. Minist.

Agric. Fish,3z,663-673.
(d) Brenchley, W. E. (1935). The influence of season and

of the application of lime on the botanical composition of

grassland herbage. Ann. appl. Biol. .22, 185—207.

(6) Brenchley, W. E. (1935). Park Grass plots. Rep. Rothamsted

exp. Stn for 1934, 138-159.

 

 

4. Cashen, R. O. (1997). The influence of rainfall on the

yield and botanical composition of permanent grass.
J. agric. SciélCamb. 52, 1-10.
 

5. Warren, R. G. & Johnston, A. E. (1964). The Park Grass

EXperiment. Esp. Rothamsted exp. Stn for 1962, 240-262.
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METHODS OF SAMPLING AND ANALYSIS

Handfule of grass were taken at regular intervals from every swathe

of the cutting machine. Each sample was then sub-sampled until a weight of

approximately 12-20 lb. was obtained. The bundles of grass were transferred

the same day to the laboratory and at once spread out to dry under cover, and

the weight of the resulting hay determined. Provided the grass was turned

frequently and carefully during drying, little breakage or loss of colour

occurred, both important points for facilitating the subsequent botanical

separation.

Two alternative types of analyses were carried out (a) complete, in which

every species was determined and (b) partial, in which the herbage was divided

into three grOUps, Gramineae, Leguminosae and Miscellaneous. Complete

separations were made of the hay from all plots at five—year intervals from

1862-1877, of certain plots in 1905 and again of all plots in 1914 and 1919.

After this date they were made as seemed desirable, but all plots were included

in one of the final two years 1948 and 1949. Many of the earlier analyses

were carried out by A.G. Willis, but from 1914 to 1949 they were under the

direction of W.E. Brenchley.

MANJRING, YIELD AND pH VAIUES OF THE SOIL 

The manurial treatment given to each plot and the average yields over

ten-year periods throughout the eXperiment are given in Table 1. The figures

are for the first crepe only. A statistical analysis of the influence of rain

fall on yield and botanical composition of the plots was made by R.0. Cashen in

191.7,". pH values of the soil were determined on most plots in 1945 and the

results given as item (a) in the descriptive features of each plot. The

figures are approximate only as slight variations, particularly on the limed

areas, are to be expected.



A characteristic feature of grassland herbage is the large number of

species that occur.

to 1949, certain changes have taken place, although fundamentally the orders

and genera represented have remained practically the same both in.number and in

kind. During the first years certain species disappeared completely.

these were originally present in very small quantity and in most cases occurred

on a single plot, Garduus arvensis being the only one found on several plots.'

-5-

GHAPTER II

FLOWERING PLANI'S AND MOSfi

Flowering Plants

During the ninety three years of the experiment i.e. up

The species which have disappeared are:-

Grami neae

Leguminosae

Nflscellaneous

In 1949, the flora at the first out of hay (which has been the standard

of comparison throughout the experiment) consisted of 65 species, contained in

57 genera and 21 natural orders, little change having taken place since 1919.

Their response to the different manures is the subject of chapter V.

A few species occur which do not usually appear in the hay samples, and

None

Lotus major

Erifglium minus 

Trifolium_prooumbens 

Xicia craccg 

Altghemilla nggfls

.Qarduus arvenaig

'qucus_9argta

W

9.261118 120329

Ornithoaslum "shells-£13
Eflanta 0 media

W

 

 

Egn'unmilus repegg

Sonchus oleraceus

Stellaria holostea

Wis

All of



 

.6-

data regarding their distribution, based on field Observations are given on

page "H4-

Mosses

During the early years of the eXperiment only three species of mosses

were recognised, viz. Hypnum sguarrosum, H.rutabulum and H.heans and they 

occurred chiefly on the unmanured plots. No species of this genus, however,

was found in 1921 or in 1949 when further surveys were made*. In 1921,

mosses were almost entirely confined to the unlimed areas. They were

plentiful on plots with no manure (2, 5 and 12) and with minerals only (6),

small amounts occurring on other mineral plots (41, 52, 7, 16) and with no

manure after ammonium salts (51). In 1949, mosses were more plentifu1 and

abundant on both limed and unlimed areas. The influence of manuring on their

distribution based on the 1949 survey is as follows:—

Mbsses are encouraggd by plots receiving complete minerals (6, 7, 14, 15,
—;_ 

l6), nitrate of soda (1?), or organic manure (13).

They are discouraged on plots receiving ammonium salts (l, 42, 9, 10, 111,

112, 18), incomplete minerals (41, 8) and organic manure with minerals and

nitrate of soda (19, 20) . Except fer gmygm sp. mosses are scarce on the

unmanured plots 2 and 5, whether limed or unlimed, though they are plentiful

on plot 12, also unmanured and without lime. The principal species here are

Brachythecium rutabulum, Eugnchium praelonggg} with gssidens bgyoidgg, E11129.

capillare and Dicranella heteromglla in addition. In general, liming has
 

little effect on the moss flora, but the addition of lime increased it,

particularly the amount of Eurynchium praelongum, on plot 18 and to a less

extent on plot 9. Both these plots receive sulphate of ammonia, and minerals

'without super or complete, respectively. Of the species present over

the whole area Eurznchium praelongum is the most abundant, with Brachythecium

rutabulum second in importance. Many plots also contain Bryum p. though
 

this is never plentifhl except on plot 6 where mosses are particularly

abundant. Other species of special note on this plot are Fissidens'bgyoides,

Braohythecium sp. Phascum cuspidatum and Aulacomnium androgynum.

fl

*Identifications in 1921 and 1949 were kindly carried out by the Staff at

Kew Gardens
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Less important species are:- Barbula unguiculata, FUnaria hygrometrica,

.Mhium cuspidatum, M.hornum and figisia microstomg. The 1949 record differs

considerably from that made in 1921, only three species, Barbula unguiculata,

.Qicranella heteromalla and Aulacomniumlandrogypum being common to beth.

Some of the genera listed are similar fer both years but four entirely

new species were recorded in 1949 viz. FUnaria hygrometrica, Mniumtpuspidatum

M.hornum and Elastitim cuspidatpm. Both the 1921 and 1949 surveys were made

in the spring and examination of the plots later in the year might reveal yet

other species. Association of messes with mole heaps was frequently

observed.

CHAPTER III

GENERAL EFFECT OF INDIVIDUAL AND COMBINED MANURFS

Unlimed

YIELD. Meet manurial treatments give an increase of crop over no manure,

though the degree of improvement varies greatly. A decrease, however,

usually occurs with ammonium salts either alone or with minerals without

super.

Nitrogenous'manures alone (Plots 1 and 17). Nitrate of soda generally

gives an appreciable increase of yield, but sometimes the crop is little

better than that on the unmanured plots. 'With sulphate of ammonia the yield

is usually lower than where no manure is applied. Either type of nitrogenous

manure gives rather a poor growth of herbage.

'Mineral manures alone (Plots 6, 7, 8, 15). With complete minerals the

yield is very considerably increased, being on an average two or three times

that of the unmanured plots. In the absence of potash (Plot 8) however, it

usually falls to about two-thirds of that with complete minerals. The



growth of the herbage is generally good.

1
Nitrogenous and mineral manuree combined (Plots 9, ll , 112, 14, 16).4*:

Very heavy yields are obtained with a combination of complete minerals and

either nitrate of soda or ammonium sulphate, as much as three tons per acre

being reached in some years. Nitrate of soda increases the yield the more

rapidly, as a double dressing (= 86 lb. N per acre) often gives as heavy a

crop as a triple dressing (= 129 1b. N per acre) of ammonium salts. Seasonal

variation is smaller with nitrate of soda than with ammonium sulphate. With

heavy dressings of ammonium sulphate, growth may become coarse and rank

and the crop is then liable to lodge.

'With ammonium salts and minerals without super (Plot 18), the yield is

poor and since 1958 it has usually fallen below that of the unmanured plot.

Organic manures (Plots 1}, 19, 20). These increase the yield and

encourage the grass to get away earlier in the spring than where inorganic

manures are used. The type of herbage, however, is much influenced by the

other fertilizers applied.

NUMBER OF SPECIES. The largest number of species is found on the

unmanured plots, 4} being recorded in 1940, but fluctuations are considerable

and only 20 occurred in 1945. 'With organic manures the number is about 30

and these species are more regular in appearance than those on the unmanured

plots. As the applications of inorganic manure, especially of a nitrogenous

character, become successively heavier, the number of Species decreases until

with large dressings of ammonium sulphate only about 8 to 10 survive, of which

only 2 or 3 occur in any quantity. Minerals are much less effective than

nitrogen in reducing the number of species.



-9...

RELATIVE AMOUNI'S OF GRAlemEAE, LEGUMINOSAE AND MISCELLANEOUS SPECIES. (Figures 1,2,5).

Nitmgenous manures alone or combined with minerals (AmSalts; Plots 1, ha, '9, 10,

111, 112, 18; Nitrate of Soda; Plots 11., 16, 17). An almost complete elimination

of Leguminosae is effected by ammonium salts, whether given alone or'with minerals.

In the presence of nitrate of soda, reduction is less drastic, but still consider-

able. IMiscellaneous species are also reduced.by'ammoniumtsalts and where the

dressing is heavy the herbage consists almost entirely of grass. With nitrate of

soda alone, on the other hand, the quantity of Miscellaneous species may be of the

order of 30 per cent (19h7 and 1949).

IMineral manures alone (Plots 6, 7, 8, 15). All three groups are well represented

here. Leguminous plants are specially encouraged and may constitute one third

of the herbage, thongh in the absence of potash (Plot 8) the proportion is smaller.

This beneficial effect is entirely offset by the addition of nitrogen as ammonium

salts (Plots 9, 10, 11%, 112). 'With nitrate of soda, however, the counteraction

is less noticeable, and Leguminosae, chiefly Lathyrusgprateneis, may constitute
 

almost 12 per cent of the herbage (Plot 16).

Organic manures (Plots 1}, 19, 20). These seem to encourage Leguminosae if

'used alone, but in combination with inorganic fertiliZers it is the nature of the

latter which is the determining factor. Thus, when farmyard manure is used after

prolonged treatment with ammonium.salts (Plot 13), Leguminosae are almost or

entireLy absent, whereas in combination with nitrate of soda and minerals this

group is fairly well represented (Plots 19 and 20). The most conspicuous legumi-

nous plant throughout is Lathyggsflpratensis, which both shows the most response to
 

,manurial treatment, and.also the greatest fluctuations with season.

INDIVIDUALISPECIES. The majority of species vary in quantity with the type

of manuring, but it is often uncertainmwhether the variation is caused by the

direct influence of the manure on the species concerned, or whether it is due to

lessened or increased competition with other plants. Plantago lanceolata,

Leontodon hispidus, Conopodium denudatum, Briza media and Lotus cogniculatus, for
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example, which are Conspicuous on starved soils tend to disappear with.more

complete inorganic manuring.

égrostis vulggrig has increased considerably, and as much as 44.0 per cent

may occur on plots receiving heavy ammonium salts and minerals. Festuca rubra

is much encouraged with ammonium salts alone, but the addition of minerals brings

to the fore Holcus lanatug and Agrcstis vulgaria, and to a lesser extentit;

Anthoiantflm4odcratum and Aghenathemm avenaceum.
 

Ammonium salts and nitrate of soda favour quite different species, for

Holcus lanatus is dominant with the former, whereas with the latter ArrhenatherumI 

 

avenaceum, Qactylisglomerata and filopecuruspratensis are the most important

grasses, gglcu§_lanatus being almost entirely suppressed. 

Minerals encourage Poa pretensis, Lsthyrusgpratensis and Trifglium pratenae,

but it is not possible to detect any special effect on species in the Miscellaneous

group.

Generally speaking, with moderate or no mandring many species retain their

footing even thongh they may be much reduced in quantity. With excessive manuring,

on the other hand, a large number of species tend to disappear entirely, While one

or two others increase to such an extent that the balance in the composition of

the herbage is seriously upset.

Lim ed
 

YIELD. Liming has nowincreased the yield on all plots with ammonium salts

and minerals, and also with complete minerals alone. 'With ammonium salts alone,

lime did not at first have any constant effect, but since 1919 it has caused an

improvement. On the unmanured.plots lime brings about onLy a slight increase in

cr0p.

With the light dressing of nitrate of soda, lime formerly improved the

yield in certain seasons only, but since 1940 the benefit has been consistent.

With the heavy dressing or mineral manuring, on the other hand, there has been a

steady decrease in crop from the addition of lime.

When associated with farmyard.manure and fish guano (Plot 13), lime decreased

the yield till 19hh, but since then the position has been reversed.



'llu

 NUMBER OF SPECIES. ldming has no constant effect Upon the number of species,

but it increases them on plots receiving ammonium salts alone or with the

addition of minerals, either complete or without super. In the latter case the

crop is much increased and an entirely different type of herbage is produced.

RELATIVE AMOUNTS OF GRAMINEAE, LECRJMINOSAE AND MISCELLANEOUS SPECIES.

Since 1919, liming has caused some changes in the proportion of Gramineae.

About half the plots show a decrease viz. those receiving ammonium salts (except

the largest quantities) a light dressing of nitrate of soda with minerals, farmyard

manure, super alone or*no manure at all. The only plot showing an increase is

that receiving nitrate of soda onLy. Elsewhere little change has occurred.

Leguminosae are affected in a variable manner and changes in the trends

have occurred since 1919. In general no legumes occur where ammonium salts

are given, though some may appear where they are applied alone or at a low rate

mixed with minerals. Liming has decreased the legumes on the plot with complete

minerals and the lower dressing of nitrate of soda but increased them where the

higher rate is sUpplied. The largest increase, however, occurs on the F.Y.M.

and fish guano plot where the proportion of Leguminosae has been as high as 41

per cent on the limed compared.with 0.2 per cent on the unlimed section.

On the remaining plots liming has had little consistent effect.

Miscellaneous Species have increased on the limed sections of the unmanured

plot 5, those with ammonium salts either with or without other fertilizers, and

with F.Y.M. provided artificials are used in addition. Especially large increases

have odourred with ammonium salts with minerals without super. Decreases have

occurred with minerals or F;Y,M. alone, and to a slight extent where nitrate of

soda is given without the addition of minerals. No effect of lime was Observed

with super alone, or with either dressing of nitrate of soda given with minerals.

 INDIVIDUAL SPECIES. 0n the whole, the effect of lime is more marked on the

plots receiving ammonium salts and mineral manures than on those with.minerals

only, no manure, or with the nitrogen applied as nitrate of soda.

Alopeourus pratensis shows a marked benefit from lime if the manuring
 

is good and soil conditions tend towards acidity. Dactylis glomerata frequently

shows a similar response, but Holcus lanatus and Anthoxanthum odoratum are






































































































































































































































































































































