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REVIEW of the HISTORY and DEVELOPMENT

of GRASSLAND SCIENGCE.

Early development and influence of outside peoples.
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SETTLING
DOWN OF
EARLY MAN.
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The origin of grassland husbandry 1s lost in antiquity
and 1t is impossible to say definitely at what time, or by
what method, grassland areas were f irst treated as a means of
increasing the quantity and quality of stock products. Before
early man began to pay attention to the wild animals of the
earth, the natural grassland, existing under good conditions
of soil and climate, would have been grazed in an indiscrimine
ate manner except in so far as selective grazing on any par-
ticular area was carried out by assoclation of wild animals.,

It is recorded that the first farms to be established,
primitive enough, yet with distinct signs of farm organisation,
were situated on the drier uplands and here conditions of good
pasture were found., From !j000=-6000 years B.C. the climate of
this country was mach more humid than it is at present and the
lower elevations consisted of dense forest and great marsh
areas.

#s man accumuilated flocks and herds by domestication of
the wild animals and by breeding, he was gradually forced to
give up the nomadic life and settle down under conditions which
would suilt both stock and human being alike. He selected the
uplands therefore where the pasture was good and he set about
increasing the grassland area by c¢learing large tracts of wood-
land. With the increase of grassland would come the improve=
ment of stock.

It was not, however, until the Bronze Age that agriculture

generally /
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generally began to assume a real importance. Primitive bronze

implements increased in number, The earliest form of organised

cultivation is kmown as the "extensive" or the "wild-field-grass
WILD-FIELD- system of agriculture (9). Fresh grassland was ploughed up as

GRASS
SYSTE!M. required and used for one or two years and then allowed to run

out to grass when more of the old grass was taken in. The
system therefore would be made up of a cereal break, a break of
young grass produced by the invasion of the stubble by natural
grasses and a wide area of permanent "wild-field-grass", There
is no doubt that the early farmer would thus be able to control
the density and texture of his grazing by thus providing a
break of young nutritious grass and at the same time he would
thus prevent depletion of plant food in the soill by growing a
restorative crop in the form of grass, Later still, when the

CELTIC Celtic farm was developed during the Iron Age, the area of grass=
FARM.

land and tilled land was still further extended by burning of
woods and heath to provide fresh pasture to the ever increasing
flocks and herds. The system, becoming a little more speciale
GRASSIAND 1ised now, included three distinct grassland types = (1) the
SR young grass consequent on the development of cereal cultivation,
(2) meadow grass which was cut annually for hay, and (3) per-
manent grassland for grazing. Such a system as this continued
right down to the coming of the Romans and indeed the essence of
the system continued far into modern times before any thought
of the extensive use of new crops dawned, The Romans did bring

with /



ROMANS .

DRAINAGE.

HERBAGE
BURNING.

HAYMAKING.

b

with them new crops and new practices, but the basal princi-
ples of the early rotation which was just grain followed by
bare fallow allowed to run out to grass remained until new
crops such as the turnip and clover were introduced in the
elghteenth eentury. The most important crop was, in early
times, therefore grass since it supplied food for stock during
the spring, summer and autum and provided winter keep in the
form of hay during the winter.

The Romans very soon recognised the fact that good farme
ing must depend, inter alia, upon drainage, and accordingly
they set about draining marshes; clearing forest, and bringing
in large stretches of fertile soil. Pasturing land, since
it cost little, was reckoned to be the most profitable method
of management (li) and very particular directions were laid
down as to the exact methods for improving existing meadows
and for the forming of new ones. These ancient and shrewd
farmers also appreciated the necessity of as rich a pasture
a8 possible and this they attempted to obtain by burning of
the herbage during the month of August (5). The dry, dead,
fibrous stems of the grasses which had seeded were thus burnt
and it was claimed that fresh richer herbage followed upon
the hard unnutritious growth which stock refused to eat.

The Roman system of haymaking seems, too, to demon=
strate the same principles as the system of the present day.
The meadows were commonly cut twlce, in lMay and in August or
September/
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COMIION
PASTURES «

DECAY of

MANOR.

September (6). The second cut is recorded to have provided
softer, sweeter hay than the material which reaches its full
growth., The Romans were most careful to leave the herbage
in an evenly cut condition and free from any roughnesses.

To permit the pasture to run to seed was undesirable. Ine
structions are laid down as to when hay should be cut.
Practically all the Roman writers on Agriculture are agreed
that lateness in cutting gives bad quality hay and it is
therefore better to cut before withering sets in or seeding
takes place.

Such was the condition of affairs in this country when
the dark and ruthless Normans overwhelmed the country with the
Feudal System. It was perhaps about this period that the hay
meadows were fenced off from February or March to Midsummer
and allotted in half acre areas to the villagers. The common
pastures became the most important part of all the land because
it was on such land that the sheep and cattle of the village
were fed. The practice of more or less concentrated farming,
stock rearing, grain production and pasture, led to an ine
creasing exhaustion of the soil., As has been stated-by Ernle
"the absolute scarcity of winter always succeeded the relative
plenty of autum®(10). Sud soil exhaustion led to the break=-
down of the Manorial System (51). Crops fell in yileld and a
great number of small occupiers gave up their holdings. The
more fortunate farmers were able to increase their farms,

Sheep /



ENCLOSURE.

WOOL.

Sheep now became of much greater importance and consequently
with them grassland. There was always a good market for
English wool and specialisation was in this direction. Fresh
impulse was again given to an old movement which continued in
activity for a long time to come. The movement is described
as enclosure. During the second half of the sixteenth cen-
tury wool rose in price, and large estates were enclosed for
sheep farming. With the growth of enclosure, there no

doubt came the better management of grassland, but records

at this time do not show any considerable advance, in this
respect, on previous periods. Pasture land increased in
area and the system held a distinct advantage in the sense
that necessary rest and manuring were given to the land,
fortility accumulated end the risk of further exhaustion was
obviated. The movement which finally enclosed practically
all the remaining common fields, meadows, pastures and waste
lands began in the seventeenth century and ceased in the
nineteenth. Because of the great diversity of the soil, the
enclosed land was put to different uses, pasture and tlllage
in varying proportions. Little or nothing is recorded, dure
ing this long period of evolution of the modern farming systen,
of the treatment of grassland or of the condition or quality of
the pastures in relation to the products exported. The fact
that British wool held the markets may throw some light on
the relative position of British pastures among those of other

competing /
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competing countries. Towards the completion of enclosure,
facilities were developing for more thorough grassland manage-
ment. Enclosure at once implies & better control of grass-
land, rutational grazing, liming, manuring, cultural treatment.

wWith the seventeenth century came new ideas for the
furtherance of agriculture and rumours of root crops and
artificial grasses to augment the hay crop. Such develop=-
ments were not, however, to materialise until the elighteenth
contury. Jethro Tull had introduced the drill machine and
Viscount Townshend had demonstrated the usefulness of the
turnip and clover (25) before the big development came in the
sstablishment of the Norfolk four course rotation (27). All
these improvements have had a very distinet and important
bearing on grassland scicnce, The introduction of the root
crop insured cleaning of the land, thorough manuring and
thorough tillages the inclusion of elover, a leguminous erop,
meant a return to the soil of a large amount of nitrogenous
material, The new rotation, the new crops meant greater
fertility and therefore a big stride in the direction of grass
improvement. Grass and clover seeds were sown down under
more ideal conditions, erops were heavier, more stock was
kept, winter feeding was less of a risk.

With the introduction of the Norfolk rotation there
ended the first phase of the development of grassland science
and then began the second., The first phase had been an
Bxtensive one, the new phase was to reveal a character less

extsnsive /



GRASSLARD extensive and more intensive. The grassland within the

SCHEME.

former scheme now consisted of four groups -

(1) Young grass consisting of a one year'!s temporary grass
and clover seed mixture.

(2) leadow land for hay and grazing.

(3) Permanent grass.

(L) Hill grazings.
The cultivation of sown grasses was however not worth

while until the land was drained and properly freed from
weeds., The earliest experiments with temporary pastures
and hay were made with red clover, lucerne and Sainfoin. By
the end of the eighteenth century, in Scotland, the following
mixture was common(76) -

Perennial Rye Grass ... 2 bushels

Hed Clover ess 10 1D,
White Clover eon ™
Trefoil PP "
Rib Grass —— ﬁ -

It was not until well on in the nineteenth century, however,
that a wider range of constituents became apparent. During
this period the perennial ley was seldom the object of culti-
vation, this being comfined to temporary leys. The practice
was to eat off the young seeds in the autum, the.young leys
being mown in the first and sometimes in the second year. For
the rest ofthe life of the herbage, it was grazed.

An excellent account of the practice of grassland mane

EIGHTEENTH agement in the l'idlands of England near tha;end of the eigh=-

CENTURY

MANEGEMENT, teenth eentury is given by William Marshall (46). Grassland

ENGLAND.

consisted /



consisted of lowland grass or "meadow"™ and middleland grass

or "turf"., The basis of general management was to keep the
middleland grass constantly in a state of pasturage. Spring
management reveals the fact that stock were encouraged to
drop their excrement in a particular part of the field. The
dung was then collected into heaps and ultimately spread over
the parts of the fisld making the greatest demands. Winter
application of this material was also practised., There 1is
ag yet no mention of the application of artificial manures.
Winter management reveals an outstanding clracteristic namely,
that of putting up the pasture in sutum for a supply of
spring feed. Areas were put up as early as September, the
herbage having first been eaten down evenly and bhave. The
first stock to go on in the spring were ewes and lambs which
were held to receive a wholesome supply of food. Cattle
were combined with sheep up to a number sufficient to be
carried by the herbage. In some parts of the country, an
efficient system of shifting stock was carried out, i.e.

the practice of grazing by head stock and followers. The stock
were turned out at first of May and remained on the pasturs,

until sold, without any attention.

EIGHTEENTH=- During the infancy of Scottish Agriculture, any winter
NINETEENTH

CENTURY food, with the exception of straw, was seldom provided for
MANAGEVENT -

SCOTLAND. horses or cattle; they were left out all winter, At the

beginning of the nineteenth century only an inconsiderable
quantity /



quantity of hay, cehiefly from natural meadows, was prepared
in the Hebrides and on the opposite coasts. Soon there
followed the practice of enclosing good yilelding areas with
no summer pasturing. These areas were "hained" or saved.
Then came the development of converting meadow land herbage
into hay and meadows of this type soon abounded in all parts
of Scotland. So important was the meadow that the rent of
the farm was often fixed on the basis of the amount of meadow
land it contained.

" When improvements in agriculture commenced in Scotland
and sown grasses were introduced, bog meadows became of less
value, In time the meadows were drained and limed or marled
with the result of an increased oat crop, better clover and
rye grass and pasture of improved quality. Such practices
thus prepared the way for the conversion of bog meadow to
arable land,

In several reports, it is stated that the land would
require considerable improvement before the putting down of
grass and clover seeds, Liming and marling, cleaning of the
land, draining and sufficient manure were considered to be
essentials before land would produce clover,(31) A typiecal
seed mixture consisted of red clover 8-1li 1ib., white clover
3 1ib., rib grass 3 1ib.,, and 1=2 bushels "ray" grass. Rye
grass and red clover constituted the first and second year's
produce and white clover and rib grass were added to the

mixture for the third harvest year'!s produce. Red clover
bore /

10.
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bore little or no part in the third year's herbage. Often
the rib grass was omitted. It was observed that clover was
choked out where too much rye grass was used; and also that
if rye grass perfects its seed, it exhausts the soil (309.
With regard to the usefulness of the various crops
grown at this time, the growing of red clover alone or in
mixture for solling is emphasised. Cocksfoot 1s spoken of
as answering all the purposes of rye grass. It was observed
too that hay made from clover and rye grass was better than
meadow hay because of the control of the composition through
cutting before the mixture reaches the hard, wiry, filbrous
stage. Perennial Rye grass is stated to be peculiarly
valuable because it was the earliest and latest grass grown(52).
S8ir John Sinclair, Bart., discusses at some length in his
General Report of the Agricultural State etc. of Scotland such
important points as natural meadows and the sequence of oper=
ations in the improvement of these, hay making, the occasional
cultivation of pastures and the management of land kept in
grass and of natural upland pastures (53). All of the fore=-
going points emphasise the fact that grassland management was
becoming a science and that important observations were made
and valuable practices established. During the very early
part of the nineteenth century a botanical analysis of meadow
land in Stirlingshire was made showing Carex sp. in greatest
amount and following in turn Ranunculus, Plantago, Holcus,etc.(25)
From this point there gradually appeared developments in
the /



1850-1910 the directions of mamuring of grasslend and the compounding

Dﬁgﬁ%@?“ of grass and clover seed mixtures. The classification of
grassland types was still more or less the same as the
original grouping. The outstanding difference was that now
very particular interest was taken in and attention paid to
the individual types, from the preparation of land for the
sowing down of mixtures right on through ths complete life
history of the pasture. Such problems as the following stood
out as important in the development of grassland management
during the latter half of the nineteenth ecentury and the first
decade of the twentieths=
(1) A desire to acquire greater knowledge concerning the more
important grass and elover species, particularly with regard
to longevity, palatability, yield and behaviour when grown in
company with other species, Little or no work was done in
trying definitely to relate species to other conditions of
environment until much later.
(2) The response on the part of permanent pasture to maruring,
particularly phosphatic manuring. Basic Slag and ground
mineral phosphate were found to be valuable sources of phose
phoric acid because they were basic in reaction and relatively
cheaper per unit than superphosphate which was acid in reaction.
(3) Was it possible to stimulate herbage growth by judicious
cultivations and what form of implement or implements could be
devised to produce the greatest beneficial response ?

() /
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(lt) was 1t possible to increase the earrying capacity of
exlsting pastures by some well thought out system of grazing?

Such problems as these led tp to the most recent phase
in the development of grassland sclence, a phase which, since
its inception, has produced a vast number of workers in all
parts of the world and in due course an overwhelming mass of
data which has now characterised grassland management as one
of the most important and most vital of all agricultural proe
bleus.

MOST In essence the most recent work has consisted of a con=

RECENT

DEVELOP- centration on and an extension of those very problems which
puzzled graziers for many years and which have been enumerated
above. By degrees, the list was supplemented, and today an
attempt to review thoroughly, from a national and intermational
standpoint, the scope of research.to;k on grassland, involves
one in an extremely formidable task., Each country has approach=-
ed the subject according to the main problems which have made
themselves apparent. In Britain, in Sweden and in Denmark the
subjeet of grassland management has received wide attention.

The trend of the development of grassland science, at the
present time, may be briefly outlined in the following manner:=-
1. WORK ON GRASS AND CLOVER SERD MiYTURES.

Specialisation in this direction has been ecarried out
at the North of fcotland College of Agriculture, Aberdeen, by
Mr W, M. Findlay. He has conducted trials with individual

grasses /



grasses, such as Perennial Rye Grass, Italian Rye Grass,
Cocksfoot and Timothy, Meadow Fescue, Tall Oatgrass and
Rough Stalked ileadow Grass in respect of the relation be-
tween the weight of hay produced and the quantity of the
individual grasses sown (1lli). Furthermore a considerable
amount of work has been done in connection with Red Clover
in. respect of nationalities, soil, time and method of sowing
and general polnts relating to culture of the erop (15). At
the same centre Profeit and Findlay (16) have worked on the
subject of the restoration of lard to pasture.

At the Welsh Plant Breeding Station, Aberystwyth,
Professor R. G. Stapledon has published Woluminous reports
on trials conducted. Work has been done in assessing the
value of the different species of grasses and clovers for
different conditions and in connection with the whole question
of the putting of land down to grass in relation to those
different conditions (73).

At the same centre considerable attention has been given
to the problem of plant establishment with particular reference
to the effects of environmental and agronomic factors (7l).
Conclusions have been drawn with regard to the best month in
which to sow herbage seeds in West Wales, with regard to the
question of basing of seed proportions in a mixture on the
potential number of plants that may be expected from 1 1b. of
seed of the different specles, and with regard to the necessity
of increasging the seed rates on poor soils and at high elevations.

In/
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In another direction this station has studied the
factors which influence sward eitabliahment on the one hand
and progressive changes in the sward on the other and has
treated the problem from the point of view of individual
speciles. The investigations were started by working with
pure species and ascertaining the factors influencing soil
establishment; subsequently the specles were sown in mixtures
and the factor of competition made the chief object of study(75).

Considerable investigations were carried out at the
Cockle Park Experimental Station, Northumberland, by the late
Professor Gilchrist, Seeds for hay and pasture received
attention (17) (18), but by far the most outstanding work was
carried out in connection with Wild White Clover (19) (20)
(21). A valuable contribution was also made in connection
with the history and value of Late Flowering Red Clover (22).

On the Continent Lindhard in Denmark carried out trials
dealing firstly with the different nationalities of grasses
(1879-1907) (32).

Similar work was carried out with clovers, the earlier
work dealing with nationalities and the later with pedigreed
strains, Lindhard (33) shows a range of productivity for
over twenty nationalities of Red Clover and Witte in Sweden
(80) (81) conducted trials on a similar basies as Lindhard
and demonstrated the outstanding difference between late
flowering red clover and early flowering red elover (82).

The significance of the above work is the general
superiority /
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superiority of home grown seed and that it 1s good policy
for every country to select for its own use seed adapted to
ite particular needs. Witte (83) has pointed out, for ex=
ample, that plant improvement should be essentially a local
undertaking.

Furthermore, Lindhard (2ly) deduced from results of
botanical analyses made on seed mixture trials started by
Nielson that certain variable factors react on the species
such as environment and particularly climate. Soil germine
ation, early establishment, overwintering capacity and the
effect of date of sowing on establishment and development are
_the points investigated.

Agein, Lindhard (36) proved that the excessive rates
originally suggested by Stebler (71) are now practically ime
necessary. Rhodin in Sweden (Lj9) has worked on the subject
of increasing and decreasing the rates of seeding. Rnhodin
(50) also conducted trials on clay soil in dry situations and
found that the seeds mixture plots sown without a nurse crop
and under corn cut early or green fodder gave about equal
crops in the first harvest year while similar mixtures sown
under corn allowed to ripen fully gave heavier crops.

In connection with the compounding of seeds mixtures,
Lindhard (37) (38) reports on the importance of clovers in
the mixtures as regards proportion, on simple and very complex
mixtures and on the behaviour of various grasses. Rhodin (I19)
deals with the relative yielding capacity of grass mixtures
and /
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and clover mixbtures in special investigations. Witte and
Nystrom (85) also conducted trials with mixtures. Mixtures
for special conditions received attention by Basse and

lentz (1) who showed that in certain cireumstances consider=-
able additions of Italian Rye Grass have been without effect
on the yield. They also showed that 1t is beneficial to add
sand to peaty soil,

2. WORK CONDUCTED MORE FROM A PURELY BOTANCIAL AND PARTICULARLY
ECOLOGICAL STANDPOINT.

This has been more apecially the line of investigation
taken up by Professor Stapledon at the Welsh Plant Breeding
Station and Lindhard in Denmark. Reference has already been
made to the work of Lindhard in respect of mixtures and the
influence of environment. Lindhard (39) also reported on
trials conducted on sand, clay and bog, comparing the yielding
capacitles under the various econditions, He also studied the
manner of growth of the various constituents of the herbage
(4o) (39) (41) (42) as also aid Oswala (48).

At Aberystwyth the attention has been pald by Davies
and Thomas (3) to the behaviour of grasses in the seeding
year when sown in pure plots with regard to establishment,
rate of growth and palatability.

Stapledon (68) has worked out the seasonal productivity
of herbage grassesj (Williams (77) the productivity of differ-
ent strains and nationalities of Red Clover and in great de-
tail the most outstanding botanical characteristics of different

varieties /
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varieties and nationalities of red clover (78) and also (79)
has studied some of the factors influencing yield and quality
of red clover sesds., Stapledon and Davies (69) have ine
vestigated the yield and other properties « various species
and strains of herbage plants under different methods of mane
agement, Smith R. (62) (6%) and Smith W. G. have contributed

valuable articles concerning botanical surveys in Scotland
(5h) (55) (56) (57) (58) (59) Ko).

%« WORK ON HTRBAGW STRAINS,

Considerable work has been carried out on the Continent
in this connection by Lindherd in Denmark (43) (Lh) (45)
whose trials conducted from 1909-1917 dealt with the superior-
1ty of strains of herbage plants developed by careful methods
of selection. The particular grasses dealt with were Per=-
ennial and Italian Rys Grass, Cocksfoot and Timothy. Witte
in Sweden (8ly) (83) reported results similar to Lindhard, e.g.
that pedigreed Timothy out-yislded ordinary commerclal Timothy
and similarly with Perennial Rye Grass. Witte and Nystrom
(85) showed that a special variety of rye grass = "Jaedersk"
does best in damp, cold years and shows to advantage on peaty
and boggy soils, out-yielding ordinary comiercial strains,

At the Station of the Scottish Soclety for Research in
Plant Breeding, Corstorphine, Edinburgh, critical examination
of the grass species revealed the presence of distinct growth
forms within species and attention has been directed towards
the /
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the study of competition between the growth forms within a
species as distinct from interspecific competition. Progress
has also been made with the genetical analysis of species=
populations collected in the wild. Species crossing has been
limited to Phleum pratense x P. alpinum.

At Aberystwyth the breeding of herbage plants has
advanced along the lines of.fixing an extra-leafy hay type
of cocksfoot and three distinect pasture types. Meadow Foxtail
has also afforded a line of investigation in respect of re-
sults given by a comparatively pure breeding leafy strain in
the matter of early keep under the influence of nitrogenous
manures. Work is also carried out with rye grasses, timothy,

red fescue, clovers and other legumes.

i THE CHEMICAL ASPECT,

This has resolved itself into a study of the nutritive
value of pastures from various points of view.

1.. The nutritive value of pastures from the point of view of
the mineral content. This has been the work of the Rowett
Research Institute, Bucksburn, Aberdsen, (Dr. J. B. Orr).
Results of recent research in nutrition have shown the
importance of the mineral content of the diet. At this
Institute and in conjunction with other Institutes the
whole subject of mineral content of pastures has been
examined. The work has resolved itself into (a) the
analysis of samples of pasture from different areas to

determine /
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determine the mineral content and the seasonal variation in

the percentage composition; (b) feeding experiments with
sheep. (47) Elliot has reported generally on the work carried
out (7). Elliot and Crichton have investigated the effect of
the addition of mineral salts to the ration of sheep (8),
Godden has reported on the chemical analyses of samples of
pasture from various areas in the British Isles (23).
Cruickshank has investigated the seasonal variations in the
mineral content of pastures (2), and Godden has reported on
the effect of fertilisers on the mineral content of pastures
(2l1)e Woodman and Evans have also contribmted reasons for
the failure of grazing animals to thrive in regions of mineral=-
deficient pasturage, basing their reasons on the digestibility
of the organic constituents, unpalatability of the herbage,

and the physiological utilization of the digested mutrients(86).
At Averystwyth Fagan and Provan have shown the influence of
the application of fertilisers on the average percentage of
nitrogen and phosphoric acid content of upland and lowland
pasture; also on the percentage of lime in the herbage (13%).

ii. The nutritive value of pastures from the point of view of
energy and protein., This has been the work of the School of
Agriculture, Cambridge, (Dr. H. E., Woodman). The investi-
gations have been concerned with a great number of problems
connected with grassland, but the main part of the research
has dealt with the seasonal production of starch equivalent
and /



and digestible protein from the pasture and its connection
with soil, weather and botancial conditions, Woodman and
others have shown the seasonal changes which take place in
the botanical ecomposition of the herbage and particularly
the influence of frequent and close cutting on the wild
white clover constituent. They have demonstrated, too,
seasonal variations in yield and chemical composition, in
nutritive value and in mineral content on a light soil (87)
and similarly on a heavy clay soil (88). Woodman then ine
troduced the element of grazing into the problem and the
influence of the intensity on the composition and nutritive
value of pasture herbage has been demonstrated (89). This

21,

work led to the subject of pasture grass conservation and the

effect of artificial drying on the digestibility of pasture
herbage (90).

The Agricultural Research Staff of Imperial Chemical
Industries Limited have also contributed to this subject,
Greenhill having researched into the chemical composition
of intensively treated pasture (28).

From the general chemical standpoint, Fagan and Jones
at Aberystwyth have investigated the nutritive value of
grasses, as pasture, hay and aftermath, as shown by thelir
chemical composition (11).

5. THE MANURING OF GRASSLAND.

A great amount of work has been done in this connection
by Farm Institutes and County Staffs in England and by County
Extension /



Extension Staffs of the Agricultural Colleges in Scotland.
Special mention may be made of the work of Somerville who
has investigated the influence of manures on the botanlcal
composition of the herbage of permanent grassland (6li), and
the influence of manures generally on fertility and meat and
milk (65) (66) (67). The effect of nitrate of soda on the
yield and chemical composition of a simple seeds mixture in
the first harvest year under different systems of management
has been worked out at Aberystwyth by Fagan and others (12).
Quite recently, a method for increasing the productivity of
grassland has been introduced. The method consists of re-
peated dressings of nitrogenous manures aﬁd originated in
Germany during the war, The system is now known as the
System of Intensive Grassland Management (72). In 1918 The
Border Counties Commlittee for the Development of Pastoral
Lands recommended to the Board of Agrioulture for Scotland
.that there was nesd of experiments on the utility of rock
phosphates as compared with basic slag for the improvement
of land used entirely for grazing. The late Dr. W, G. Smith,
Advisory Officer in Soil Botany, Edinburgh and East of Scotland
College of Agriculture, started observations on a series of
plots dressed with the above manures. This opened up more
detailed work in connection mainly with the manuring of pere
manent pasture. Comparisons of treated and untreated plots
were madeé in respect of botanical composition, grazing and
duration /
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duration of the dressings (61).

6. THE IMPROVENMENT OF GRASSIAND BY CULTIVATIONS.

In connection with the improvement of the physical con=-
dition of the soil in respect of aeration, water content and
such like, and of the textural condition of the sward, much
demonstration has been done. The relation between soll and
sward condition and the ultimate influence of manures has also
been well demonstrated.

The same observation is characteristic of the practice
of renovating worn out pasture by special grass and clover
seeds mixtures, The functions, in all these respects, of
ordinary harrows, chain harrows, disc cultivators, ordinary
cultivators, rollers and ploughs have been clearly brought
out mainly by County Extension Staffs in this country and by
firms particularly interested in the various implements. It
has been proved that in the improvement of old pasture some
cu}tivation operation or series of opsrations may be desirable

and necessary.

T. THE GRAZING OF GRASCLAND.

Reference has already been made to the work carried out
by Dr. Woodman and his colleagues at Cambridge (67,68,69,70)
in connection with the nutritive value of pasture grass from
the point of view of energy and protein, Woodman has demon=
strated the exceedingly high content of protein and relatively
low content of crude fibre of closely grazed pasturage. This

discovery /



disgovery is of paramount importance. The high value of such
pasture ean only be maintained by close grazing. Reference
has alsc been made to the application of the Hohenheim system
of grassland management to pasturage in this country (72).
This system clearly emphasises the necessity of preventing

the herbage becoming too long or coarse and the arrangement

of a scheme whereby the grazing will be rotational, the ine
tensity of grazing sultable and the periods of time of grazing
on the pasture sections sufficiently long to ensure the desired
closeness, Efficient management of grazing will ensure the
maximm nutritive value of the pasture.

The importance.of the biotic factor in relation to grasse
land has been emphaslsed by Stapledon and Jonss (70) and a
technique has been described for ascertaining the selective
grazing of sheep on a quantitative basls and the amount of
time sheep devote to performing variocus functions such as
grezing, chewing the cud, and resting.

The effect of varying the periods of rest in rotational
grazing has been investigeted by Jones and Jones at Aberystwyth
(29).

The fundamental principle in the phflosophy of grassland
management amounts to the co-operation of all workers with a
view to establishing certain facts concerning the yield of our
grassland areas, thelr seasonal behaviour and the particular
point at which the herbage becomes a productive foody; and on
the other side a system of management, manuring, cultivating,

grazing,which will maintain high yileld and good quality.
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1. OBJECTS in VIEW.

From the foregoing review of the development of grassland
science it will have been gathsred that very little attention
has been given to the relation between the herbage and soil and
climatic conditions. [Recently there has been considerable
world development in the study of soils with regard to such
characteristics as reaction, lime requirement, exchangeable
bases, and the determination of the influence these character-
istics have on crop development. The full value of work on
grassland cannot be realised without eontributions of definite
data belng made in respect of certain soll characteristics.

The late Dr. We G. Smith of Edinburgh and Dr. Ogg, now Director
of the lMaeaulsy Soil Institute, Aberdeen, drew attention to this
fact.

Dr. Smith had for a long time worked along the lines of
ecology of hill pasture and tended pastures, He felt however
that a considerable amount of attention should be given to the
correlation of conditions, soll and climatlie, which exist at the
time of sowing down grass and clover seed mixtures and ths be=
haviour of the herbage throughout its whole life. The work of
laying out plots under different conditions was delegated to me
and the working oul of a technique and the collection of figures
have formed smubjects of study for the past three years.

The soil determinations were carried out under the super=-
vision of Dr. 0gge.

The principal objects in view have been t=

1. /
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1. To determine the botanical composition of the herbage pro=-
duced by a given grass and cover seed mixture sown down on
various soil types, certain definite characteristics of which
are knowmn. The determinations which have been made are
reaction (pH) lime requirement, exchangeable ealcium, loss on
ignition, moisture content and mechenical analysisy and to
record, over a definite period, the changes which take place
among the species of the herbage in respsé¢t of mortality,
degree of tillering, competition and the like, assuming normal

procedure in management.

2. To determine, using the same seeds mixture on the same soil
types, the total annual amount of dry matter produced per
unit area and the total seasonal amount on each soil types
and to determine to what extent the constituents of the seeds
mixture.contrihute to the yield of dry matter. This part of
the Investigation involves three phases :=
(2) Estimation of the dry matter of the Hay - first harvest year,

Estimation of the dry matter of the Aftermath - first harvest
year.

(b) Estimation of the dry matter of the Hay - second harvest year.

Estimation of the dry matter of the Aftermath - second harvest
yealr.

(¢) Estimation of the dry matter in each of the pasture cuts =

end of first harvest year onwards.

3« To determine the inflluence of lime on the herbage in respect
of botanical composition, tillering capaecity of the ingredients
and /
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and dry matter yleld.

i« To ascertain to what extent weather conditions are respons-
ible for such conditions as the percentage of the various
ingredients in the herbage, tillering of grasses, rate of
development of clovers and yileld of dry matter, both total

and seasonal.

It might be added that no definitely accurate determin-
ations have been possible for various reasons, among which
the most outstanding may be mentioned i-

() The soeds were sown under practical conditions and there=-
fore absolutely even sowing was impossible because of a
number of uncontrollable factors, such as variations in the
different sowing machines, sowing by hand, speed of the
machine, difference in welght of the mixture constituents.

Unevenness in sowing would therefore influence competition.

(b) The difficulty in selecting a plot truly representative
of the herbage. Even after numerous precautions had been
taken in selecting a fair sample, thor; still remained the
sampling difficulty within the plot itself,

The methods used in the various analyses wlll reveal the
fact that a detalled study has been made of a very small area
taken as representative of the herbage.

The problem has resolved itself, therefore, into a
searching after tendencies of the specles within the small

area studied.
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8, MATERIAL end METHODS.

1, METHOD of PLOT SELECTION.

The plots selected for this investigation were, as far
Ealiee asg could be judged, representative of the particular field in
which they were fenced in from grazing. Care was taken to
select plots so as to avoid topenings! and telosings?!, stook
sites, mole heaps, sheltered areas, and anything which would
tend to increase the number of influencing factors or intro-
duce a source of error. The dimensions of each plot were
1l feet square, a strong fence of wire and smalle-meshed wire
netting belng erected. The wire netting was sunk below the

soil level to a depth of 8 inches. The fence was erected a

iy

few feot wider than the actual experimental plot to prevent
interference by stock and drips from the wire. The plot was
then divided into two equal parts, one half having carbonate
of lime applied to the extent of the lime requirement of the
particular plot, the other half being unlimed. Within each
half plot there was pegged off & one yard square plot typieal
of the surrounding herbage and this provided the hay, aftere
math and pasture cuts for separation and dry matter estimation.
-From around the small plots, turves were taken periodically in
order to ascertain the behaviour of the constituents of tha
herbage mixture. (See Plan opposite and photograph in
Appendix, page 178).

2. SEEDS MIYTURE.
XTURE. The following seeds mixture was selected for the in-

vestigation because the constituents are comparatively easy to
identify /
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identify, because since considerable acreages were sown down
the mixture is cheap, and because it affords a sound basis
upon which more elaborate mixtures may be built =

Perennial Rye Grass 12 1b, Rough Stalked Meadow Grass 1 Ib.

Italian Rye Grass 8 " Broad Leaved Red Clover 1
cocksfoot 8 " TLate Flowering Red Clover 2 "
Timothy 3 "  Alsike b

Wild vWhite Clover 1 lb.
A total of 37 1b, per acre.

PURITY. (a) Purity was determined by taking a representative sample
of each species and separating the foreign material from
the true seed and weighing. The purity percentage was
caleculated.

GERMINATION (b) Germination percentage was determined by selecting 100
PERCENTAGE.

seeds of each species true to type and gsrminating those
over a given time. The test was carried out in duplicate.

REAL (e) The real value of the separate species was caleulated by
VALUE.
using the formula P x G where P= Purity % and G =
100
Gormination Z.

No. SEEDS (d) The number of seeds per lb. of each species was found
~Rex L= by weighing 1000 seeds and calculating the number per 1b.
Weighings were repeated a considerable number of times for
éil species and the figures tabulated alongside the numbers
determined by other workers. (2, 12, 36, 31),
The figure used in the investigation is the average of all
findings.

(o) /
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VIABLE (e) From the above figures it was possible to ealculate the
SEEDS.
total number of seeds of each species and the number of

viable seeds sown per unit area.

3. SOIL DETERMINATIONS.

SAMPLING. (a) Soil Sampling. Fifty borings each of soll and subsoil
were taken by means of a soll auger immediately after the
plot was fenced. The soil and subsoil samples were separ-
ately mixed end after being thoroughly alir-dry these
afforded the representative samples for the various analyses,
all of which were carried out in duplicate.

REACTION. (b) The pH both of soil and subsoil was determined by the
electrometric method, using Biilmann's quinhydrone electrode.
Ten grams of air-dry soil passing the 3 mm., sieve, 20 c.c.
Goa-free distilled water and a few decigrams of quinhydrone
were shaken for one minute and the determination completed
according to-Biilmann.(hJ. As all the pid results were
below 7, it waa unnecessary to use the colorimetric method

of pll determination as described by Gillespie. (1)

LIYE RE~ (c) Lime Regquirement was determined by the Hutchinson and
QUIREMENT .
HacLennan method. (2l}) Twenty grams alr-dry soil passing
the 3 mm. sieve and 300 c.c. §/50 calcium bicarbonate were
shaken for three hours and titrated with 0.2 N HC1l using
methyl orange as indicator. The results have been stated
as gm, caco5 per 100 gm. air-dry soil.

(a) /



EXCHANGEABLE(d) Exchangeable calcium. This was determined by treating

CALCIUNM,

LOSS ON

IGNITION.

MOISTURE.,

25 gm. of air-dry soll passing the 3 mm, sieve with normal
sodium chloride soclution. The soil sample was shaken up
with 200 c.ce of the warm solution and allowed to stand
overnight. The supernatant liquid was decanted through a
filter and the soil stirred up with a further 100 c.c. of
the cold solution. This was allowed to settle and then
decanted in the same manner. The process was repeated
until one litre of filtrate had accumilated. A second
l1litre was collected in the same manner and the determination
continued according to 0gg and Dow. (32)

The results havse been stated as percentages of Cal present

in the air-dry soil.

(e) Loss on ignition. About 10 gm. air-dry soll passing the

3 mm, sieve were placed in an electric muffle and ignited.

The soil was then cooled and weighed and the leoss in weight
determined. The igniting process was repeated until con=-

stant weight was reached. The results are expressed as

percentagos of alr-dry soill.

(f) Moisture in Air-dry soils and subsoils, About 10 gm.

of ailr-dry soll passing the 3 mm. sieve were placed in a
water oven and brought to constant weight. The loss in
weight equivalent to moisture is expressed as a percentage

of air-dry soll and subsoil in each case.

MECHANICAL (g) Mechanical Analysis. The mechanlcal analyses of the

ANATYSIS.

s0olls and subsoils were made according to the method of

the /



Agricultural Dducation Association.(l)

CALCIUM (h) Volumetric estimation of calcium of the lime applied to
ESTIMATION.
the grass plote was made according to Cumming end Kay.(9)
The calcium was precipitated as calecium oxalate. The
washed precipitete was dissclved in sulphuric acid and the

solution titrated with standard permanganate.

i« BOTARICAL DETERVINATIONS.

The work in this connection has proceeded by means of
a large nunber of systematiec botaniecsal analyses in crder to
ascertain the composition of the plant commnity and the
development and yleld of each species throughout the year in
the plots selected. The grass and clover seod mixture was
sown down according to local practice aﬁd the plots selected
subdivided and partially limed as already descrlbed.

The botanical determinations resclve themselves into

three stages =

TURF (a) Analyses of turves from plots i«

ANALYSIS.

e i. Immediately after harvesting of nurse crop to deter=
mine the percentage of each species in the stand.

ii. During the spring of the first harvest ysar to
determine the influence of overwintering.

iii. During the epring of the second harvest year to
determine the mortality of the various specles during
the second winter.

iv. During the autum of the second harvest year to
determine the influence of periodie cutting on the
species of the herbage.

ve /
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v. During the spring of the third harvest year to deter-
" mine the percentage contribution made by the individual
species to the herbage.

The method of analysis used was that employed by
¥ielson and Lindhard. (28) From the limsd and unlimed
sections of each plot six turves were cut at each of the
periods avove indicated. Bach turf had superficial dimen=-
sions of 6 ins. x S ins. and they were selected at regular
intervals so that the six turves might be fully representative
of the small treated or untrsated area. The turves were then
separately analysed, the plant species being separated and
counted. The tlllers of each grass species were also counted
and the clover cover ascertained by estimating the total
number of square inches of turf covered by clover foliage.
(3)e By using the turf method, one works with complete
plants and is never in any doubt as to species; the
analysis can be done relatively quickly and gives s true
picture of the small area. The chief difficulty is to
determine how far the plant cover from such a small area
corresponds to the average composition of the plot. By
taking six turves, therefore, at equal intervals from a sube
plot of approximately L feet x 7 feet, a fairly reliable

conclusion regarding ppoportion of species can be reached,

This method was used in all the turf ssparations,

(v) /
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(b) Analyses of Hay and Aftermath.

HAY The plan followed was to cut the herbage for hay in the
SEPARATIONS.

first harvest year and cut the aftermath also. In order to
arrive at the percentage econtribution by weight of each
species to the hay and to the aftermath cuts, a plot, one
yard square in area, was pegged off em each of the limed and
wmlimed sube-gections. The square yard plot in each case was
cut for hay and aftermath hay alike., The material was sep-
erated into species, the latter being dried to constant
weight in a hot oven where a temperature of 100°C was reached.
The drled separations were cooled and weighed and the pere
cantage contribution to the dry matter calculated. At the
time of cutting the small plet for hay and aftermath hay,
the rest of the complete fenced plot was cut over so that,
at all times, the complete herbage recelved the samne treat-
ment.

Cutting, in this connection and in the ease of the
pasture, was carried out by means of shears at ground level,
The aim of cutting the herbage of the plots at ground level
ensured that uniformity in this operation would exist on all

plots.

(¢) Pasture Analysis,

PASTURE The plots were brought to their zero point (pasture) at
ANALYSIS,
i the close of the first harvest year by cubtting over the
square yard sections, separating the material into grasses,

elovers /



clovers and weeds, drying and weighing each group and
calculating the percentage contribution of the groups to
what was noted as the first pasture cut. The pasture
cuts were looked upon as more or less equivalent to the
influsnce of the grazing animal with these important dif=-
ferences that cutting by means of shears was more drastic
than even hard grazing and no return of fertilising material
was mads to the soil through the excrement of the animal,
Cutting by means of the shears, however, ensured a certain
definite standard where cutting was at ground level,
Throughout the investigation pasture cuts were taken
from the limed and unlimed plots at regular intervals and

sepsrated into grasses, clovers and weeds.

5« DRY MATTER DETERMINATIOKS.,

As stated under pasture analysis, the cut material was
separated into three groups - grasses, clovers, and weeods,
These separations were then placed in shallow zine trays and
dried to constant waigﬁ% in an oven capable of giving a temper=
ature of 100°C, The material was finally weighed and the
percentage contribution of each group, to the total dry matter,
calculated.

From the above determinations it has beenrn possible to
compile a statement of total dry matter yielded by the various
plots, limed and unlimed, for a complete yesar and to state to
what extent the grasses and clovers esach contributed to the dry

matter over the complete yesar or at particular seasons.

6e /



6. METEOROLOGICAL DETERMINATIONS.

In order that the yleld data might be interpreted to the
the full extent, & record of meteorological conditions was
kept throughout the investigation. The following records were
obtained g=-
Monthly rainfall, Maximum and Minimum temperatures, Humidity,
Sunshine in hours, Soil Temperature at four of the seven plots
and Monthly rainfall and Maximum and Minimum temperatures at
the other three,

7o DESCRIPTION OF THE CENERAL CONDITIONS UNDER WHICH THE TESTS
WERE CARRIED OUT.

The centres were primarily selected on the basis of soil
type, four plots being located on the Experimental Farm of the
Ed nburgh and Bast of Bcotland College of Asriculture at Boghall,
Miltonbridge, Iidlothian, The remaining three plots were
selected on the basis of soll type eoupled with the susceptie-
bility, varying in degree, of the areas chosen to invasion by
Agrostis species. These three plots are located at -

(1) Bangour, West Lothian, the Home Farm of the ilental Hospital,
Board of Control, Edinburgh; (2) at Wedderlie; and (3) at
Cammerlaws, both of which lie on the southern slopes of the
Lammermuir Hills, A detailed mechanical analysis of all the
solls along with their other characteristics will be found in
the appendix. The following is a brisf report on the general
conditions under which the grass and clover seed mixtures were

sown down 3=
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Kimming Hill

Anchordales Boghall, Milton Bridge, Midlothian.

Crofts Garden

T s i

FEPF

Crofts.

Boghall Farm lies astride the Biggar road about 6 miles
from Edinburgh. The arable portion of the farm lies at an
elevation varyinz from 550 feet to 800 feet, the hill extending
from 800 to 1600 feet above sea level.

The soil shows considerable differences in different
parts of the farm, depending upon the origin and mode of fore
mation. Plote were therefore selected as far as practicable
upon all soil types, namely,« Kimming Hill « lightg
Anchordales = medium; Crofts Garden « heavy; Crofts - peaty,
The exposure of all plots is neutral and the elevation 650
feet above sea level. The rotation practised on the farm is
a five course one, namely :~ Oats, Roots and-Potatoes, Barley

and VWheat, Seeds, Pasture.

CULTURAL CULTURAL DATA.
DATA »
(a) Nurse Crop.
Kimming Hill - Oats. Anchordales « Plumage Amcher Barley.

Crofts Garden = Qats. Crofts = Setter Wheat.

(b) Seeding of Nurse Crop.
Oats were sown at the rate of 5 btushels; barley at the rate of
li bushels, and Wheat at the rate of, li bushels per acre.

Kinming /
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Kimning Hill was sown on 3rd April 1928 by hand.

Anchordales " " 6th April 1928 by drill machine.
Crofts Garden " " 10th April 1928 by hand.
Crofts " * 28th Novr. 1927 by arill machine.

(c) Sowing of Seeds lMixbture.

Kimming Hill was sown on 26th April 1928 by hand.

Anchordales " " 26th April 1928 by broadeast machine.
Crofts Garden " * 26th April 1928 by hand,
Crofts " " 26th April 1928 by hand.

(d) KManmaring of Nurse Crop.

Kimming Hill lea ocats received 3 cwts per acre of a
mixture made up of 1i cwt. Sulphate of Ammonia, 1% cwt,
Superphosphate, % cwt. Ground iineral Phosphate, 1 cwt.
Potash Salt (30%). This was applied on 29th Harch 1928,

(e) General Observations.
The conditions of the tilth at the time of sowing was,
in all cases, normal. The cultural sequence at the time of
sowing of the grass seeds was harrowing, sowing, harrowing,
rolling.
Details of purity, germination and real value of the cone
stituents of the mixture will be found in the Appendix page 131.

GEOLOGY., GEOLOGY.
' The geology of the farm of Boghall is discussed at con-
siderable length by Hart (19)¢ During the Glacial Period
boulder /
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boulder clay, sands and gravels were laid down in this region
and a considerable part of the farm is characterised by these
drift deposits. The boulder clay i1s the most extensive,
although it is covered in certain parts by later deposits.
Overlying the boulder clay occur two large spreads of sands
and gravels. The spread on the part of the arable land is
varicble in character.

The Kimming Hill Plot (A.) is a characteristic giaelal
sand and is probably located on the lightest part of the
field. This field is variable and may be characterised as a
find, saandy, brown loam, the geology of which is glacial sand
and gravel overlying basalt,

The Anchordales Plot (B.) may be classed as an alluvium
over basalt and described as a brown or chocolate-coloursed
loam, mediun in texture. This soil is the outcome of a spread
of alluvium from the Boghall Burn, extending north east from
which the deposit becomes siltier in character,

The Crofts Garden Plot (C.) lies nearer the Boghall Burn
than the Anchordales one and is distinetly heavier in character,
being classed as a reddish loam falrly heavy in texture.

Patches of peaty soll occur in the hollows on the arable
land of the farm and the Crofts Plot (D.) occurs in one of
these hollows. There has, however, been & deposition of

silty material transported by water from the Boghall Burn.

Bangour Home Farm is situated on the Edinburgh-Bathgate road
about three miles from Bathgate. The elevation varies from

500 /
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500 to 900 feet above sea level. The so0il generally is heavy
in nature,

The soil type on which the seeds mixture was sown 1s
heavy, the exposure neutral and the elevation 700 feet. The
rotation practised is Oats, lMashlum for ensilage, Roots and
Potatoes, Oats, Seeds, Pasbure, Pasture.

CULTURAL The seeds mixture was sown down with Record Oats which
'EEE%;"" was sown on 17th April 1928 by broadcast machine at the rate
of 6 bushels per acre. The condition of the tilth at the
time of sowing was normal,

The grass and clover seeds were sown by broadcast machine
on the 2ith April 1928 under normal conditions.

The nurse crop received no artificial manure, the pre=
vious root crop having been dressed with a mixture consisting
of % cwt., Nitrate of Soda, % cwt. Basic Slag, 2 cwt. Kainit,

1 cwt. Fermented Bone lMeal.

Here, as in many other cases, agrostis is troublesome,
and on making investigations of young grass and pasture it
was found that bent was present in the second harvest year
in falr abundance but not in the grass being made into hay
in the first harvest year.

The young grass is not grazed in the seeding year but
is put up for hay imnediately after the harvesting of the
nurse crop. |

The cultural treatment carrled out at sowing of the
seeds was Cambridge roller, sowing, harrowing, Cambridge roller.

Details /
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DATA. _

Details of purity, germination and real value of the
consfitusnts of the mixture will be found in thse appendlx,

page 132,

The area in which this farm 1s located is characterised
by Lower Silurian rocks interspersed with basalt and dolerite.
A considerable area of the farm in question 1s covered by a
moderately heavy grey loam overlying a heavy clay with basalf
material consisting of boulder clay.

Wedderlie 1s situated on the south side of the Lamnermuir
Hills, in Berwickshire, about 8 miles north east of the town
of Lauder. The elevation of the field, Crocked Acres, in
which the mixture was sown, is 800 fest above sea level and
the exposure is easterly. The s0il is a heavy loam overlying
a heavy clay. This field was included in the policy fields
of Wedderlie in former years and had been in grass for a con=
siderable time before 1t was ploughed up during the war and
put through a rotation. The following 1s the history of

cropping se .
1919 Lea Oats 1523, 192l, 1922 Pasture
1920 Roots 1926 Oats
1921 Roots 1923 Roots
1922 OQats & Rape sown down. 1928 0Oats sown down.

In 1922 the part of the field sown down with rape as the
nurse crop was invaded by agrostis in the first harvest year
and this developed to such an extent that bent, in a short
time, was the only constituent,

The /
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The sseds mixture in 1928 was sown down with Victory
0ats which were sown by broadecast machine on 7th lay at 6
bushels per acre. The seeds mixture was sown by broadcast
machinas on 25th Maye. The nurse crop received no manurial
treatment., The previous crop however, which was roots,
received 10 cwt, Ground Lime per acre and 7 ewt. Turnip
Manure per acre, the analysis of which is unknown.

The condition of the tilth at the time of sowing was
normal. The field was drained in 1925,

In this district, the tendency is for Agrostis to appear
in the herbage in the second harvest year but in a number of
cages it has been evident in the first harvest year.

The local practice is to graze the young grass in the
seeding year with sheep and reserve only a small section for
haye

The cdbural treatment at time of sowing the seeds
mixturs was rolling, sowing of seeds mixture, harrowing,
rolling.

The detalls concerning purity of seeds, etcs will be
found in the appendix, page 133,

Since the Wedderlie and the Cammerlaws plots adjoin
sach other, it will be convenient to discuss at this point
the geology of both plots.

The locality in which these two plots occur is partly
on the Upper 01d Red Sandstone and partly on the Lower
Silurian formations. The greater part of the 014 Red
Sandstone /
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Sandstone area is covered with glacial drift, mostly boulder
clay with falrly large areas of sand and gravel, There are
numerous hollows characterised by layers of peat iafying in
thiclmess.

The 301l of the Wedderlie plot may be described as a
stiff, red loam with boulder clay as basal material and overe
lying grits of the Silurian age.

The Cammerlaws plot may be described as consisting of a
very black loam, distinetly peaty in appearance, with a sube
soil of gravel and boulder clay as basal material, all over-
lying sandstones and marls of the Upper 01d hed Sandstone agoe.

Cammerlaws, Viestruther, Berwickshire, is situated about a
mile south east of Wedderlie and is close to the Westruther
Duns roade The elevation of the field sown down is 750 feet
above sea level and is exposed both to the north and south.
The soil is very variable in this field, but particular
attention has been paid to a part of it characterised by a
shallow peaty soil overlying a gravelly material.

The plot at this centre was sown down with rape, the
latter beilng sown at the rate of 10 1b, per acre during June 1928,
The rotation practised on the above farm is the same as
that on Wedderlie.
The geology of the Cammerlaws plot has already been dise-

cussed under Wedderlie.
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STUDY of the FACTORS.

The four groups of factors concerned are -
I. The grass and clover seed mixture.
II.Soil data.
Ixr.Meteorological data.

I¥.Management, i.e, the laying down of the mixture and after-
treatment.

The method of dealing with the above will be to summarise
the outstanding eonclusions made, consequent on the more im=
portant work done, in these connections, during very recent
years and to attempt to use the data, collected in connection
with this partiazlar problem, as a means of accounting for the
more outstanding results gathered under what will prove to be
a somewhat intricate environment.

I. THE SEEDS MIXTURE.

STRAIN.

The mixture itself is a fasctor of fundamental 1mportanca._
Such characteristics as the purity, germination eapacity and
source of the various speclsesy the proportion of each species
in the mixture and the proportion of soll each species is ine
tended to cover are all of vory great value., Out of the ex-
tensive researches that have been ecarried out, there have
emerged two discoveries which, in the future, wlll have a far=-
reaching effect. These discoveries ere firstly that strains,
within the species of grasses and clovers, ehérﬁaterinad by
special properties which result in successful growth and
development are of greater value than the ordinary specles
themselvess with this matter of strain may be coupled that of

source /
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source or netionality of the ssed; and secondly that there
are varying degrees of differences between the laboratory
germination of seeds and the field germination, in meny cases
very great differences, This points to the necessity of a
certain degree of knowledge of the conditions which influence
fisld germination and the adjustment of the specles propore
tions in the mixture so that as near as possible the correct
density of herbage may be produced and maintained,

At Averystwyth (Li2), Professor Stapledon and his
eolleagues have domonstrated that the fundamental prineiples
of pasture establishment must be deduced from a mowledge of
the properties and behaviour of the various species of grasses
and clovers. This has led to nationality and strain investi-
gation which in turn gave rise to the improvement of pasture
plants by breeding., The most outstanding result has been the
recognition of the superiority of indigenous types over culti-
vated types of the species of grasses. Through the study of
forms present in different populations from grazed habitats
a muber of factors have been discovered, which, under certain
conditions, favour the survival of certain types and the
elimination of others., Consequently, it is important to cor-
relate the various types of herbage plants and the particular
environment teo which they are adapted. Work of this nature
has been done with Rye Grass, Cocksfoot, Red and White Clover
at Aberystwyth and with Timothy at the Plant Breeding Station,

Edinburgh.
With /
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With regard to nationality, the trilals which have been
conducted at Aberdeen (13), Aberystwyth (l;7) snd various other
centres (7, li6) have conclusively shown that varieties of im-
ported Red Clover are not szo well suited to conditions in this
eountry as home raisged varieties. Because of being better
adapted to soll and climatic conditions, the native clovers
give better yields and last longer.

With regard to the problem of germination, it has heen
shown by Stapledon (L}) that laboratory germination does not
necessarily indlcate to what extent the various seeds will
establish themselves. Tifferent species seem to possess
different powers of estadblishment. The mortality in seed-
lings or the non-germination of the seeds may be considerably
great. It is admitted‘that there are many factors other than
viability which may tend to influence the establishment of the
young herbage, but such emphasise the necessity of ueing ime
proved methods of prescribing the quantities of the wvarious
specles of the mixture in relation to the environment.

With regard to the particular seeds mixture used in this
problem, the following points were kevnt in mindse
1. The herbage to be cut for hay in the first harvest year.,

2« A coertain intensity of grazing to be earried out during the
autum of the seeding year and early spring of the first
harvest year.

%« Grazing in the second, third and fourth harvest years.

i. The mixture to be sown down with a spring nurse crop (ecereal)
according to local cultural practices. gy

5+ /
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5« The mixture to recelve no direct manuring.

As the investigation proceeded several additional deter-

minations were made, e.g. the aftermath in the first harvest

year was cut for hay, hay was taken in the second harvest year

and the aftermath in the second harvest year also cut for hay,.

The mixture, as has heen stated elsewhere, is taken as

the basls and as one of the constant faetors of the present

investigation.
In Table I. will be found the relationship between the

SEED
PROPORTIONS,

edients of the mixture worked out on the basis of the
number of seeds in the wmixture and expressed as a percentage,

Other characteristics of the constituents will be found in

the appendix.

TABLE

Constituent.

TABLE I. showing ]
1

proportions of species in

the Mixture.

Rate of Seeding Xo. of Seeds Tobtal Fo. of

Per cont

per aecre. per 1lb. Seeds per acre. of Mixture.

Perennial Rye

Graes. 12 1b, 218,000 2,616,000 16.5
Italian Rye Grass. 8 210,000 1,920,000 12,2
Cocksfoot. 8 160,000 3,680,000 23.14
Timothy. % 1,068,000 3,200,000 20.4
Rough Stalked

Headow Grass. 1 2,23),000 2,23l;,000 1.2
Broad-leaved Red

Clover. a 232,250 232,250 1.5
Late~Flowering

Red Clover. 2 232,250 46l ,500 2.8
Alsike. 1 647,000 667,000 o3
Wild White Clover. 1 750,000 750,000 h.7

The /
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The following brief characterisation of the various
ingredients of the mixture may be given and refers mainly to
soil, climate, longevity, importance, and the like 3=
PERENNTAL RYE GRASS is considered to be best suited to a cool
elimate and well drained, moist soils in good condition., It
doss not do well on poor dry soils. The young shoots are
easlly frosted back in the late spring. The herbage in early
winter 1s usually thick, relative to the amount included in
the seeds mixture. During the mid summer months, i% tends %o
become bars and brown unless there has been sufficilent rainfall,
In the sicond and third harvest years, it provides good pasture
for a considerably long period but only under the best condi-

tions of egoll, climate and treatment.

ITALIAN RYE GRASS is characterised by quicimess of growth

and earliness. It is particularly suited to good soils. It
fails on dry sandy soils or peaty soils in poor condition. If
made into hay the majority of the plants die out during the
winter of the second harvest year. By cutting relatively
early, 1t is possible to ensure a good aftermath and a cone
siderable proportion in the pasture of the next year, The
amount in the mixture has a considerable influence upon the
weediness of the land. It may have an adverse effect upon
slow developing grasses and upon clovers to the extent of re-
dueing the ability of these conatitusnta‘to colonise the
blank spaces when it dies out.

COCKSFOOT /
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COCKSFCOT has the outstanding properties of earliness, quick
recovery after grazing or cutting and resistance to drought.
It is primarily a pasture grass and is of small importance in
the hay erop of the first harvest year. Under conditions
favourable to its growth, 1t is, in the majority of cases, the
most predominant eonstituent in the pasture and where it is in
relatively large proportion elassea the pasture as early. It
is of less value for winter grazing since it dles dowm and
becomes withered, Cocksfoot is very useful on thin, dry soil
and on average soils in droughty seasons.

TIMOTIY develops well on soils which are deep and moist and
is specially suitable for clay and pealy soils. On l1light
solls and particularly in dry seasons, 1t does badly. It is
later than most of the other grasses. It appears to a fair
extent in the aftermath i1f the ecutting of the hay is not de=
layed. Timothy forms a useful ingredient in the subsequent
pasture years.

ROUGH STALKED MEADOW GRASS i1s characteristic of damp conditions.
This grass, under proper conditions, is onse of the best for
filling up blank spaces caused by the dying ocut of more tempor-
ary kinds and alsc by the mortality amongst those species not
so well adapted for the particular conditlons,. It fails badly
on light soils unless the rainfall is high. During a dary
summer, the proportlon of this constituent may be considerably
reduced or the quality adversely influenced.

RED /
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RED CLOVER may be very adversely affected by umsuitable con-
ditions and although it may give successful growth on practice
ally all soil types, it mey become deficient on very light and

very heavy soils and on peaty soils. The longeviity willl de=-
pend upon a mumber of conditions, but the greatest bulk will
appear in the first harvest year and will gradually decrease
wntil the third harvest year when the proportion in the pasture
may be very small or it may have diseppeared altogether.

ATSIFER has for its chief funetion that of a reserve plant in
that it takes the place of Red Clover if that constituent fails.
It lasts longer than Red Clover, It is best adapted for
wettish soils in good conditiom and will grow under varying
degrees of soil acidity.

WILD WAITE CLOVER is primarily a pasture plant and 1s out=-
standingly useful for £1lling up blank spaces in the herbage

and so preventing loss of water by evaporation and the colone
isation of such spaces by weeds, It ean withstand drought to
a considersble extent. The main faectors which limit the growth
of this eclover are probably oxcessive water content of the soll,
deficiency of lime, phosphates and potash. The method of man=
agement during the first harvest year will determine the rate

of davelopment of this constituvent. If hay iz taken in the
first harvest year, the clover will probably not be in very
great evidence until the third harvest year. If the hay erop
has been light and cut early, it may eppear evident in the

second /
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sacond season. If The field is grazed during the first year,

the elover will be guite evident in the second season and
possibly in the first.

II. 3 OIL ‘DA-TA -

These are reactlon, "lime requirement”, exchangsable
ealeciun, organie matter and moisture eontent, and meechaniecal
analysis.

(a) Reaetion. All of the areas in which the centres occur,
exeept Bangour, have been investigated by 0Ogg (33,3%6) in

eonnectlon with acidity surveys and work on reaction,

"lime requirement” and exchangeable calcium. The difference

between the procedures is that in this particular case the

area investigated was confined to one 1l feet by 1} feet and

the nunber of borings of socil and subsoil was fifty, whereas

in the cass of Ogg's work, borings were carried out over two

parishes in one case, a somewhat smaller area in another,and

over the farm of Boghall.,. The originsal andysis was carried

out during October 1928 and the second analysis during April

19730 a considerable time after the lime had been applied.
All of the soiles under review have passed through a
normal rotation and are now carrying grazing stock, They

can therefore be classed as cultivated soils. Craphs I. and

II. opposite, indicate the range of pH values for the seven
g80ils and subsoils. Graph I. represents the pi range in
the /
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the soils (#ntreated) in October 1928,and in the soils (limed
and unlimed) in April 1930, Graph II. represents the sub-
soil pH values at the same periods.

Range of pH wvalues in cultivated solls.

The soils and subsoils show a eomparatively small range,
namely, 5.51 to 6.59 (soils) and 5.51 to 6.57 (subsoils) or
from acid to slightly acid. In the case of the slightly acid
soils no lime would probably be required for most crops, but
in the lower pH soils, lime would be nscessary in a eonsider-
able number of cases., The range of pH wvalues hsere found com=
pares favourably with those found by other workers in other
ecountriss, In Table II. these values are given and show a

range from 5 to 7 for cultivated soils.

TABLE IT, TABLE II, The soil reaction of different ecommtries.
o Cnltivated Solls.
Gountry. Range of pH.

Russia (Leningrad) 5.5 to 6.2

Denmark. 6.0 " o0

Swaggg. 6.0 : E.o (8oZ )

Finland. 540 5 0% of Samples

Bavaria. 5:5 " 6.0 (2% * LI
below 6.2 (502 " ® 3

Acldity at wvarying soil depths.

It will be noted that even for shallow depths, there is
a tendency to less acidity in the sub-layers of soil. It has
been found by several researchers that the surface soll has the
greatest aclidlity and that acldity decreases with inereased depth,
Available figures are swmarised as follows and these include
pH values, "lime requirement™ and exchangeable ecalecium.

96¢., (34) Cultivated Soil Heath Soil.
No.. of layer Exchsngeable Exchangeable
in profile. Calecium, pH Calciunm. pH.
_{(as % Ca0) (as g Cal)
1 0. 6. 0' 08
2 o.%% 6o ! o.%; g.hil‘t
5 O. 5 6. 00052 50,-]-

CROWTHER /
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CROWTHER, (8) Vertical Distribution of Reaction

(pE values).
Depth in Manured. Unmanured. Manqggd: Unmanured.
Inches., Limed., Unlimed, Limed. Unlimed.
0 - L5 heo7 3.7 5470 6.09  L4.38 5442
4e5 =9 he33  3.98 5e99 6,27  L.56 5458
18 - 22,5 579 5.06 6431 6.77 6.06 6,61
31,5 = 36 6+55 - 6.78 6.73 6.23 6.63

The work of Salisbury (40) also confirms this.

(b) "Lime requirement™. The problems of "lims requirement”

and the acidity of selected fertile soils have been in-
vestigated by Hendrick and Ogg (20, 21}, Although the
published figures of "lime requirement" are few, those
that are avallable show common requirements up to 0.1 per

cent.

RANGE. The figures here tabulated indicate a range from 0.068
| per cent to 0.376 per cent in the soils and from 0.047 to
0.501 per cent in the corresponding subsoils. The lowest
percentags occurs on the Anchordales plot which has been
classed as a medium loam and was limed within the rotation.
The highest percentage occurs on the Crofts plot which cone
slsts of a peaty soll and accounts for the relatively high
requirement, It should be noted that these figures are

laboratory /
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laboratory figures and do not strietly indicate the needs
of the soil with regard to lime. Such demands will depend,
to a econsiderable extent, upon such factors as elimate, the
geology of the soil type and the type of erop to be grown,.

(¢) Exchangeable ocaleium. The soils show a range from

0.038 per ecent Ca0d %o 0310 per cent Ca0. The majority of
these figures seem low in comparison with the results of
other workers. Smith's (1) figures for cultivated soils
range from 0,12 per cent to 0.55 per eent Ca0. The figures
of Robinson and Willlams (37), on the other hend, have a
range from 0,05 per cent to 0.443 per cent Cao0.

(d) Loss on Ignition. The organic matter content as indi-

cated by loss on ignition varies in the seven soils from

5.655 per cent in one of the heaviest types to 23.l56 per
cent in the peaty‘type and in the subsoils from 6,040 per
cent in a heavy type to 34.li07 per cent in the peaty soil.

(e) Moisture in Air-dry Soils and Subsoils. The percentages

range from 1,901 to 5.650 in the soils and from 1.539 to
6,931 in the subsoils. The high organic content 1is
characterised by high moisture econtent but in all the figures
the =01l type (2ilt and eclay) is also involved.

(£) Mechanical Analysis. A summary of the figures is given

in Table III.

TABLE /
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FABLE IIT, TARIE III. Summary of Yechanleal Analysis of Solls
T ' and Subsoils (fractions expressed as
perecentages).
SOIIS.
Practions. Ae Be Ce De E. F. G.

Coarss Sand. 55..2 | 28,50 |20.78 | Wli3 | 24.59 [ 15.78 | 17.990

Fine Sand
s:;e.an 19.91 | 38.09 |[l41.33 |19.ho |29.19 |37.Lh | L5.67

)
;
Fine S11t- )| 15,06 | 2h2 |29.32 |36.88 |5L.6L |36.50 | 22.72

SUBSOIIS.

Coarse Sand. i8.50 | 31,16 |15.38 | 7.59 |22.05 |15.98 | 198
Fine Sand. )

silt. y| 2552 | 35.89 |39.05 |1h.98 |33.5L |\ 37.L7 | 53.2,
Fine S116. 1| 15,56 | 25.36 |36.64 [35.9k |32.68 |38.80 | 22.80

Soil A. is an outstanding free, open, very porous type con-
sisting of over 50 per cent of coarse sand. This type dries
out very easily and suffers from very considerable leaching.
The subelayer is very similar in composition, so that the
extreme conditions would be reached in a very dry season.

Soil B. has slready been classed as a medium loam and both
in soil and subsoil reveals a relatively high percentage of
fine sand plus silt. Water absorptlon and retention would
be expected to be normal.

Soil C. has a very high proportiocn of fine sand plus silt
and a slightly higher fine silt plus clay percentage than the
previous type. The coarse sand, responsible for the effi-
ciency of the natural drainagé, is relatively low., The same

observations /
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observations apply to the subsoil except that the fine silt
plus clay is in higher proportion. This type has been classed
as & red stiffish loam, 1s difficult to manage, particularly
in wet seasons, and is not characterised by excessive leaching.

Seil D, has the outstanding character of high organic cone

tent, with the result of high water absorbing and retentive

properties, This fact, eoupled with & high fine £ilt plus

clay percentage classes this type as badly aerated, acid and
wets. The subsoll even possesses these chearecteristics in a
greater degree because of the higher percentage of organic

matter and the lower percentage of coarse sand.

Soill E. is a heavy type with slightly heavier sgubsoils The
tendency is towards difficulty in natural drainage.

Scil ¥, 48 the heaviest of all the soils possessing very
hizsh percentages of both fine sand plus silt and fine silt
plus clay. The coarse sand fmction i1s low. The same re=
merke apply to the subsoil., This type, in faet, is diffieult
to manage, the extreme difficulty being reached in very wet

seasons., It is a cold, exposed,late soll,

Scil G. has a moderale amount of organic matter but relative-
1y very high fine sand plus silt fraction with next to lowest
fine 811t plus eclay and a low percentage of coarse sand, The
subsoll is very similar in mechanical composition with the
excoptlion of a much lower organic comtents This type 1s
therefore absorptive of water, 1s retentive, and yet guite
free /
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free draining. There may be a tendsncy to over-leaching.

Correlation of Soil Factors.

It has been shown, bub not quite conclusively, that
there exist fairly close relationships between i=

i. pH and "lime requirement".
ii. pH and exshangeable paleium.

Hiegsink (22) has shown that there does exlast some ree
lationship between the lime content and the pH and that also
a change in structure of the clay humis substances of ths
s0ll and the acidity (pH) go hand in hand with the bringing
of calcilum oxide In contant with such substances, This in
turn may have an effect upon erop yleld and genseral develope
ment and in grassland problems may influence such conditions
as yield of hay and aftermath, length of grazing season and
quality of herbage and such like.

0gg and Dow (35) bhave also sﬁnwn similar relationships,.

In regard to this investigation, the various soil
data collected, except mechanical analysis, are recorded in
Table IV.

TABLE IV. /



TABLE IV. _ TABLE IV. Comparisonsi= pH, "lime requirement®,
—— exchangeable caleium, organic matter,
moisture.
SOIIS.

Lime Exchangeable  Organic
Plot. pH. Regquirement.  Caleclum. Matter. HMoisture.

A, 5476 0.183 0.053 74226 1,984
B, 6457 0,068 0.112 64195 1.901
Cs 5.97 0.110 - 0,080 54655 2.2l
De 577 0.376 0e310 23,0456 54650
E. 6.59 0.09l; 0. 132 10.8395 3,082
F. 5.51 0.251 0.038 7.662 2,559
Ge Be53% 0313 0.080 11.148% 2.251
SUBSOILS.
A, 5.79 0.157 - 74358 2.313
Be 6457 0.0l47 - 54229 1.752
Cs 6.12 0.078 - 6.477 2,185
D. 5485 0.501 - | B lgo7 6.931
Ee 6415 0.125 - 94205 2.541
F. 5.53 0.172 - 6,040 1.765
Ge 5e51 0.250 - 74356 1.53%9

It will be seen from the Table that generally :-
1. The lower the pH, the higher the "lime requirement®.
2. The lower the pH, the lower the exchangeable caleclum,

Z. The lowest pH solls have a relatively high organlc content.

III¢ VETEOROLOGICAL TATA.

In the study of the climate of a country or district, it
is necessary, before drawing reliable conclusions, to have at
one's disposal data collected over a long period.

The /



The figures here quoted are therefore only meant to in-
dicate the type of weather obtaining at the various centres
during the seasonal perlods of the three years of the investi-
gation and do not indicate the climatd of the districts.

The important periods of the year, as far as the relation
of weather to crop is concerned,are :=
1. December, January, February, during which months prepara-

tion for the sowing of crops is done. Rainfall and frost
are of importance during this perioed.

2. March, April, May - the sowing months. During this period
the two important operations are tilth production and the
actual sowing. Rainfall and temperature are again of oute
standing importance.

3., June, July, August - the growing season, during which in-
crement 1s put on rapidly or slowly.

li. September, October, November « the months of gradual
slowing down of metabolism on the part of permanent crops
and harvesting in others. As far as pasture is concerned,
the problem is to discover some means of extending the graz-
ing season as far into the year as possible, Suech will be
most difficult where the altitude is great and the exposure
and weather of the severest.

The year has been dRvided into perlods, in the above
manner, in a somewhat arbitrary way, but these periods do
roughly correspond to the more important physiological pro-

cesses of crops and also to seasonal work on the farm.

Sumary /



Summary of the more important data, Figures with reference

to seasonal rainfall in inches, rain days during the four

seasons, mean maximm and minimum temperatures in degrees

Fahrenheit for the seasons and the mean number of sun hours
TABLE V. per day for each period will be found in Table V.

RAINFALL. From the point of view of seasonal precipitation,
the general conclusion, for all plots, is that the driest
period existed from March to May and the wettest from June to
August. The exception is in the year 1930 when at all centres
the wettest period was from September to November. Actually,
the driest and wettest months varied from year to year as will
be observed if the detailed figures in the appendix are exam-
ined., The number of rain days varied according to the season
but generally the fewest occurred during the spring period and
the most during the autumn periocd, although the difference
between spring and summer in this respect is not very great.
The total snnual rainfall did not vary to any great
extent at the various centres, in one and the same year,with
the exception of Boghall in 1930, this centre being slightly
wetter than Bangour and somewhat wetter than Marchmont,
Another significant fact is that, at all centres, 1929 was
mach drier than either 1928 or 1930, the season at each centre
accounting to the greatest extent for this being autum.

TEMPERATURE. The observation of greatest importance, in this

connection, is the high maximum temperatures during the spring
and summer seasons at Boghall in the years 1929 and 1930, and
during sutum in all years at Bangour and Marchmont.

SUNSHIRE /
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NAGEMENT
ACTORS .

66,

SUNSHINE. Sunshine readings were recorded only at one centre,
namely, Boghall, The year 1923 was relatively outstanding in
that the spring period showed & larger mean number of sun hours
per day than either 1928 or 1930. Otherwise, no very great

varistion is evident.

MANAGEMERT o

There are a considerable number of conditions, under
this head, which will tend, singly and collectively, to in-
fluence the herbage at different periods of its life history.
Such factors are sufficiently well known to warrant the
omission of a lengthy discussion at this juncture. It will
suffice to enumerate, in sequence, the more important of these
and to state that it 1s always necessary to give careful con-
sideration to all of them if a good stand is to be established
and maintained.

These management factors are :-

(a) Conditicn of weather and soll during sutum before sowing
of seeds,

(b) Condition of weathnfénd s0il at time of sowing.

(¢) Cultivations to produce desired tilth.

(d) Time of sowing.

(e) Nature of the nurse crop and rate of seeding.

(£) Manuring of the crop previous to the nurse crop and seeds,
Maruring of the nurse crop and seeds,

(g) Time of harvesting the nurse crop.

(h) Treatment of the young herbage in the autumn of the seeding

year /
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year, such as application of phosphates and potash (if such
have not already been applied) grazing or putting up for hay
direct.

(k) Treatment during spring of first harvest year such as
limiting grazing period in relation to enclosing for hay,
nitrogenous manuring, cultivations, e.g. rolling.

(1) Treatment of the aftermath and in the pasture years,
judigions stocking, cultivating (harrowing and rolling),

and manuring.

As has already been stated, the particular methods used
in the laying down of the seeds mixture in questlion were those
used by the farmers on whose land this investigation was con-
éucted. From the discussion of the centres, it will have been
gathered that there was no great variation in the methods
generally. In certaln specific details, there was conslder-
able variation, e.g. at Cammerlaws, the seeds were sown down
with rape, at Bangour the young herbage was put up for hay ime
mediately after the harvesting of the nurse crop and not grazed
in the seeding year as in the other cases.

OTHER FACTORS,
There are many other factors of importance which 1t

would be necessary to consider in a general discussion of
grassland and which therefore are not enumerated or discussed
in this paper. It is necessary to mention one, however,
which seems to be of paramount importance. This is the
biological factor and more particularly that of nitrification.

An important piece of work carried out by Russell (38,39)
in /



in connection with the nitrate contents of arable soils has

suggested "when a period unfavoursble to nitrification comes

to an end and more favourable conditions set in, the rate of

nitrate sccumilation tends to be more rapid in the early part

of this new period than later on.," Out of this statement
there arise two further observations, namelyj-

(a) that nitrates accumlate rapidly during late spring and
early summer.

(b) that the acliwity of bacteria ean be increased by exposing
the soil to conditions vmsuitable for active life and then
removing the unfavourable conditions, e.g. sterilisation of
so0il,

The application is that bacteria are freer then usual in
the late spring and early summer consequent on winter conditiona
being unfavourable to active life in the soil. In due course,
however, the factor inimicel to the nitrifying bacteria may
again become efident and nitrate production decreases, Russell
has shown that during summer a slower rate must be expected.

It might be reasonably argued on the above basis that
there might be increased nitrate production after eny unsuitable
period, for instance during early autumn aefter a very dry
summer with the consequent influence upon growth generally and
second crop hay and early autumn grazing in particular.,

It has been further shown by L8hnis (29) that there are
two maximum periods of nitrification per annum end that
approximately the process shows a rapid rise from January to
March /
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¥arch, when the first or spring maximm 1s reached, followed
by a gradual deeline to July-August when a minimum 1as reached.
Immediately following this, there 1s agaln a rapid acceleration
in the rate of nitrification and the second or autum maximwm
is reached during August-September, followed in turn by a
steady decline to the January minimm, Lahnis (30) goes into
the whole question of nitrification very thoroughly and has
camplled an extraordinarily detailed and extensive bibliography
.on the subject.

| Limbach (27) arrived at the same conclusion and the
graphs opposite are extracted from his work to show the season-
el fluctuation of the nitrification process. Only one graph
in Fig. 2 is shown, namely, that for sand, but the others, for
loam and moor soil,show the same tendency. In an attempt %o
correlate this tendency of two annual nitrification maxima
with weather ccnditions, Limbach, in the same work, concluded
that there is no reletion or in other words the second or
aubumn peek is reached irrespective of temperature or raine-
fall (Fig. 3).

Green (15) also hag shown seasonal variation with th;

difference that he seeks to demonstrate a marked rise in
December, 1In certain solils, under forest condltions,
Clarke (6) states that the curve for nitrate tends to go down
until the general minimum is reached during the latter part of
August, After this period there is a steady increase, and on
less acld soils, a minimum is reached during November.

Further work by King snd Whitson (25, 26), Hall, A.:D.(léﬁd
Hall /
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Hall, T. D. (17,18), Clark (5), and others serve to demonstrate
the same principle.

The evidence concerning the fluctuations of nitrates in
the soil is clear, but that for a definite cofrelation of
fluctuation with weather conditions (rainfall and temperature)
is eonflicting. Several authorities aver that the fluctuations
occur independent of weather, others hold that there is an
intimate relation between the two.

The particular grass problem now being investigated
ralses, very emphatieally, the importance of the nitrate
fluctuations, Having introduced the factor of nitrate pro-
duction in soils, the problem is further complicated and opens
up a vast field of research in which practically no work has
been ecarried out, namely, the influence of the plant commnity
on the sgoll miero flora,

In the "Results and Discussion" section of this paper,
certain facts in connection with the seasonal behaviour of
pasture will be brought out along with suggestive observations
concerning weather and the application of the above general
findings with regard to the seasonal fluctuations in nitrate
production, .

SUMMARY /
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SUMMARY of the foregoing STUDY of FACTORS.

I. The Seeds Mixture.

(a) Strain, nationality end germination are of importence.
(b) The mortality of sesdlings may be very great in overwintering.
(¢) The mixture was compounded on the basis of percentage area
of plot to be coversd by each species and pure seedings of
the various species, allowing for the disappearance of the
temporary constituents and genersl mortality.
(d) The proportions of the species in the mixture have been

expressed as percentages.

II. 801l Natsa.

{(a) A1l of the solls under review are cultivated soils and
show & range of pH values from 5.51 to 6.59; subsolls
range from 5,51 to 6.,57. The grester the depth of sampling,
the higher is the pH value, with excepltions.

(b) "Lime Requirement®™ waries from 0,068 to 0.376 per cent for
soils and from 0.047 to 0.501 per cent for corresponding
subsclls,

(¢) Bxchangeable calcium ranges, for solls, from 0.038 to
06310 per cent Cal.

(d) Organic liatter (loss on ignition) veries, in soils, from
5.655 per cent to 23.456 per cent and in the corresponding
gubsoils from 6.0l0 to 31,1107 per cent.

{e) Moisture in alr-dry soils shows a range from 1.901 to
5.650 per cent and in the subsoils from 1,539 o 6.933.,

(£) /
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(f) Mechaniecal analysis. The soils are seven in numher and

have been characterised on the basis of coarse sand, fine

sand plus silt, fine silt plus clay. An examination of

the figures in Table III, along with organic matter perw

centages, led to the following eclassifiecation :-

Soil A.
Soil B.
Soil C.
Soil D.

Scil E.
Soll F.

Soil G.

- free, open, very porous.
- medium loam,
- red, stiff loam.

- high organic content, high fine silt plus clay
percentage,

- grey, stiff loam.

- ¢old, exposed, stiff wet loamj heaviest of all
the types.

= black, friable loam,

(g) Correlestion of soil factors. From a general review of the

data, it may be assvmed that low pH, high "lime requirement™

low exchengeable calecium and high organic contert are fairly

closely related,

III. Meteorological Data.

The years have been divided up into seasonal periods to

correspond roughly with physiological processes of the plant

and farm operations generally.

The more important data considered are rasinfall on a

seasonal basls and rain days per seasonal periodsy temperature,

(maxirman end minimaum) the mean readings in degrees Fahrenheit

for the four seasons belng given for each centre; and sunshine

(at one centre only), consisting of the wesn number of sun

hours /
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hours per day for each seasonal period.

IV. Management.

Ve

No detailed consideration of management factors has
been made but a sequence list of the more important conditions
influencing pasture establishment has been compiled and the
necessary attention to these emphasised.

Other Factors, The mumber of conditions influencing pasture

establishment and management are very numerous and ab once
characterise any such problem as extremely complex. A
supplementary factor of great importance isthe production of
nitrates and the conditions influencing such. The general
eonclusion is that nitrificetion is st itg meximm in the
early part of a perlod following conditiong which have heen
unfavourable to genersl active 1life in the soll. It is
thought that this might account, for example, to & certain
extent, for the alternate luxuriance and depression of certain
herbage. The fact is established that there are two periods
of maximunm nitrate production per annmum and two minima, the
former occurring in early spring (March) and sarly autvm
(September), the latter at the end of the summer period
(August) and at the end of the winter period (February).
Certain workers hold that the nitrate fluctuations are conse-
quent upon weather fluvectuations, others produce figures to
show there is no necessary relationship. These observations
are of outstanding importance in view of the seasonal fluetu-

ations of herbage yields.
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o RESULT3 end DISCUSSION.

The subject matter of this section is arranged under the
following heads :-

I. Botanleal Composition.
Behaviour of ingrediente of the mixture throughout

the period Kovember 13285 to April 1931 aud the
relation between results and factore already studied.

Il. Dry Metter Estimstions.
A, Fay = June~July 1929.
B, Aftermath « September 1929.
C. Hay « July 1930.
D. Aftermath -~ Ssptember 1930,
E. Pasture Separations - Decembter 1929 to
October«November 1923%0.

T. BOTANRICAL CONPOSITTION,

The Behaviour of the Individual Constituents throughout
the Period Autumn 1223 te April 1931,

Seedling Esteblishment. Results obtained on the percentage

establishment of the ecomuon herbage plants have boen reported
on by Davies (10). "Under normal conditions only a proportion
of the viable seed sown is successful in the prodnction of
seedlings as found in the sutwm of the year of sowing."
The casualtics between the seeding and the first harvest yesar,
i.e. In overwintering during the first winter, have alsc been
shown to be great; and experimsnts have alsc heen conducted
to indicate the loss in seedlings during the perilcd immediately
after sowing (11).

The /
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The results, as will be shen from the following Tables,
are not conclusive, in this respect, but this may be due to a
number of causes such as the error in sowing which is 4diffi-
cult to reduce under practical conditions, the mixing of the
seeds, the velocity of the wind at time of sowing, the state
of the so0il in relation to tilth. A considerable proportion
of the figures indicate howsver the tendency to mortality
between the actual seeding date and the autumm of the first
year. Accordingly, the autumm of 1928 has been taken as the
gero point from which counts have been carried out and compari-
sons made.

Perennial Rye Grass.

Table VI. has been compiled to indicate the behaviour
of Perennial Rye Grass throughout the course of the investi-
gation on the limed and unlimed sections.

The percentage contribution of this grass to the herbage
in the autumn of the seeding year, before any lime had been
applied, varied from 28.7 per cent in Plot D. to 47.9 per cent
in Plot F. This'range is roughly one quarter to one half of
the herbage in the respective plots. At the outset, this
means, particularly in Plot ¥, that competition must play a
very big part in subsequent periods or that the mortallity in
seadlings will level up things,

TABLE VI /
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TABLE VI, |Percentage contribution of Perennial Rye

IABLE VI. Grass to the herbage on all plots.

Oct-Nov. 1928. April-May 1929. April 1930,

Plot. Untreated, Limsd. TUnlimed. Limed. TUnlimed,
A. 43.29 42,22 32,50 39.60 by ho
Be 30.97 19.18 l47.86 31.34 33,62
Ce 29.30 11,00 30430 25.50 36430
Ds 28,70 30,50 28,60 32.10 22,00
E. 33,60 20.60 17,00 23,50 2. 00
F, I7.90 33.90 31.80 L1.00 47.00
Ge 450 23,00 31.00 25,50 28.50
Average 35.53 26.91 31429 32,65 35.11

After a winter period of approximately four months,
there was indlcated considerable mortality in several of the
plots. On the limed section of Plot B. the proportion was

‘ 19,18 per cent, whereas on the unlimed section the percentage
was ;7.86, The same observatlion may be made with regard to
Plots C. and G. On the average, however, there was a slight
loss of seedlings between the autumm of seedlinz establishment
and the first spring and there was little difference between
the limed and unlimed sections, In the spring of the second
harvest year, the percentage contribution on the limed section
had improved., On the average, the limed and unlimed sections
wore the same,

From en examination of the plots in the autum of 1930,
it was found that on Plot A. the percentages were 58 (limead)
and 60 (unlimed), on Plot D. 54.5 (1imed) and 30 (unlimed),
Plot /



Plot G. 38 (1imed) snd 21 (unlimed)s On the cbher plots the
percentages on both limed and unlimed sections were approxi=
mately 30.

The two Plots D. and G. were interesting because these
showed a relatively low pH, high "lime requirement" and high
loss on ignition, Plot D. was classed as a peaty soil and
G. 28 a black loam, peaty in appearance., 1In both cases, the
percentage of Perennial Rye Grass was considerably greater on
the limed than on the unlimed plot. By the spring of 1931,
however, Perennial Rys Grass had become much reduced on Plot D,
and slightly reduced on Plot G. the percentages respectively
being 15 (limed), 10 (unlimed) and 20 (limed, 15 (unlimed).

On Plot F. Perennial Rye Grass, in the spring of 1931,
had become reduced to 20% (1limed) and 15% (unlimed). On the
other plots, this grass had remained more or less constant.

In an adverse environment, this constituent tends to
decrease and where sonstituents are present which are adapted
to the unfavourable conditlons, competition will add to the

rate of decrease.

Itellen Rye Crass,

Table VIIE indicates the history of Italian Rye Grass,
The perceniage contribution in the sutumn of the seeding year
varies from 12,26 per cent on Plot B. to 23.8 per cent on

Plot E.

TABLE /
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TABLE VII, TABLE VII. Percentage contribution of Italian Rye Grass
- to the herbage on all plots.

Oct=-Nov., 1928, April-May 1929, April- 1930,
Plot, Untreated. Limed. Unlimed. Limed. Unlimed,

A. 15.29 6.70 13.75 0.76 -

B. 12,26 15.75 11.56 3eTh L2

o 17.70 28,60 11,30 2.20 1.30
Dt 18.60 7090 12.00 -~ s
E. 23.80 12,90 20.50 X.T 3e3
Fe 11,30 1. 00 19,60 2,8 1,5
G. 12,70 12,30 10,0 1.5 0e7

Average 15.95 14.00 .16 1.8% 1.60

During the first winter there was a considerable mortality
amongst seedlings in Plots A. (1imed) D. (1limed end unlimed) and
E. (1imed). The figures for limed and unlimed sections are ine
conclusive and if averaged indicate no difference betwzsen the
sections. It is interesting, however, to note that the con-
tribution of Italian Rye Grass in the spring of 1930 was
directly proportional to soll type and fertility. Plots B.

Ce E. and ¥, may be taken as normally feritile soils with Plot
B. the most fertile of the group (msdium loam) with 2 high
pH (6.57) and a low "lime requirement" (0,068). The other
Plots A. D. and G. possessed certaln outstanding characters,
such as low pH, high loss on ignition and difference in
mechanical analysis, end on these Italian Rys Crass had dise-
appeared by the spring of 1930. Evidently, when the acidity
and lime characteristics 2long with physical characteristics

become /
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become curmlative in their effects, the life history of this
grass 1s considerably shortened., Considerable traces were
found during the autum of 1930 in Plots B. C. E, and ¥, bub
none wag found in Plots A, D.-and G. No definite superiority

on the part of the limed section was observed,

Cocksfoct.

Table VIII, details the percentage contribution of
Cocksfoot to the herbage on limed and unlimed sections of the

variocus plots,

BLE . TABLE VIII. Percentage contribution of Cocksfoot to
E&ff"zlél“ the herbage on all plots.

Oct-Nov. 1928, April-May 13929, April 1930,
Plot. Untreated. TLimed., Unlimed. ILimed. Unlimed.
A. 11.76 12,88 13.75 32,82 19,50
B. 29.31 16,01 15.60 29,10 25,66
Cs 16.30 7430 5400 7.10 11,10
D. ; 11,90 11.00 10.60 7,683 15,30
B 1,50 6.50 6.80 .30 6.60
Fe 12,20 17.00 15.90 14,10 6,10
G. 17.80 13,20 18.60 9.70 21,80
Average 1lL.h 12,0 12.% 1.9 15,2

The moet outstandinz result was the contribution of
Cocksfcot on plots A. and B.~ the former an outstandingly
light, déry soll type and the latter a medium fertile type.

In the case of Plot A, the limed section was very superior

to/
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to the unlimed, whereas on Plot B. thers was little difference,
In these plots it will be observed that this consituent reached
its best contribution in the second harvest year. On exame
ination in April 1931, it was found that Cocksfoot had held
its place on these plots. The behaviour of this constituent
varied on the other plots. On Plot C, a heavy s30il type,

the contribution was relatively low, considerable mortality
occurring between Kovember 1928 and the spring of 1929, From
the latterpriod onwards there was a fluctuation on the une
limed plot but on the limed plot the quantity was fairly con-
stant. Cn Plot D, a peaty type, there was a gradual decrease
in the quantity and an enalysis during April 1931 revealed only
a trace. On Plot E. the contributlion was low and the 1331
analysls showed that Cocksfoot had done poorly up to this date.
On Plot F. the guantity was fairly constant throughout the
period and the epring 1931 analysi~ gave 107 on the limed
section and 5% on the unlimeds Analysis of Plot G. in April
1951 showed a contribution of 207 on the limed section and

15% on the unlimed.

Timothy.
This species (Table IX) gave good resulta on two of the

heavy soll types, namely Plots E., and F, and particularly on
the limed seciions. On these plots there was a gradual im-
provement onwards from the seeding year and on analysis dure
ing April 1931 revealed the fact that Timothy held 3its position
(Plot E. 15% (limed) 127 (unliimed), Plot F. 10% (1imed) 5% un-

limeds) On FPlot D. Timothy failed probably on sccount of the
excessive /
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excessive competition of the quicker growing species. Cn
Plot C, which 1g heavy, the result was inconclusive, but in
this case also there have been many sesmingly negative re-
sults., An analysis of Plot C. in spring 1931 revealed 10%
Timothy on the limed seoction and about the sare percentage on
the unlimed part, Timothy has shown a constancy on Plot G,
but an analysis in April 1931 showed a considerable diminution
in both sections. On Plot A. Timothy revealed more or less
normal developmant but in the spring of 1931 no trace of the
specles was found. Plot B. demonstrated a moderately even
distribution and in April 1931 there was practically no differ-
ence between ths two seetions, there existing 15% on the 1limed

and 137 on the unlimsd sectioms.

TABLE IX,. TEBLE IX. Percentage eontribution of Timothy to
. the herbaze on 2l1 plots.
Oct=Nov. 1928, Aoril-Nay 1929, April 1930,

Plot. Untreated. Limed, TUnlimed. Limed., Unlimed.
A, 7+30 10.82 7.50 T 6489 7400
B, h.02 12.33 1.10 ©11.93 13,27
G 5«30 6.60 6.30 1.10 5400
D. 030 0.60 530 - 1.90
E. 3.90 li.50 5.70 16.60 770
F. 6420 L.80 70 10.60 5.30
Ge 13450 11.%0 1110 8.90 1. 30

A.vemi.ga 508 703 6.0 8.0 707

Rough /



Rough Stalked Meadow Grass.

This constituent (Table X.) has proved to be character-
istically dominant on the heavy and peaty soil types. On
Plots C, and E. the grass started off very slowly but had
established itself by spring 1929 and still further improved
its position by spring 1930. During April 1931, it was
still very aggressive on these heavy soils., The limed
section shows a superiority over the unlimed section. The
same remarks apply to Plot D. (peaty type) with the exception
of the superiority of the limed section. Plots B. and G.
have shown a much lower contribution to the herbage dus to
the greater competition on the part of the other members,
There has been steady improvement on Plot G. (peaty) with
retrogression on Plot B, (medium loam), Plot F. (heavy) has

hot revealed the same results as Plots C. and E.

TABLE X. TABLE X.  ©Percentage contribution of Rough Stalked
- Meadow Grass to the herbage cn all Plots.
Plot. Untreated. Lined, Unlimed, Limed. Unlimed.
As L.23 11.35 20,62 2,29 13,0
B 9.00 2l.00 18.48 0.0 11,5
Ce .90 25.70 3543 38.0 23.7
D. 2.2 1.6 9.8 375 57.0
E. 1.9 27,0 22.8 2h.7 26,
Fo 1.2 6.1 7.9 11.2 ll..é
Gc 006 . 3&5 166 12.1 10.6
Average 3ol 16.1 16.6 2049 20,9

Clovers /



Clovers.

- Table XI. suggests the following conclusionsi-

(1) Percentage establishment, as represented by Clovers present
in the young grass during October-November 1928, varled con=-
giderably, the lowesti establi;hmsnt occurring on the light
soil typs. The high establishment on Plot D. can only be
accounted for by bad sowing. The average establishment

worked out at 18.7 per cent.

(2) Mortality over the first winter, as indicated by the
Clovers present in the stand during April-May 1929, was
greatest on the heavy soils (Plots E. and F.) and on all
plots there was a greater proportion of clover plants in
the limed than in the unlimed sections. On Plot A. the
difference between the limed and unlimed sectlons was great,
on Plot B. it was about the same, on Plots D.E.F. there was
little difference, on Plote C. and G. it was medium.

(3) Change in the Clover contribution, os indicated by the
percentage in the herbage during April 1920, was quite
conclusive. On the plots with lowest pH values and highest
"Iime requirement™ (Plote A, C. D. F. and G,) there has been
a considerable decrease and a very marked difference hetween
the limed snd unlimed sections, Of the two kinds of Red

CLover, it was Late Flowering Red that remained 1in the herbage
until well into the second harvest year., Alsike disappeared
rapidly from Plot A, was dominated in Plot B, by the Red
Clovers, was well represented in Plots C, and F. and was
present in largest quantity in Plots D. and G. By the
spring /
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spring of 1930, it had practically disappeared from Plot E.

As regards Wild White Clover, an indication as to its
eontribution to the herbage ean best be given by considering
the percentage in the final analysis in April 1931, On the
limed sections of Plots A. E. F, and G, it contributed approx-
imately one third ¢86 the herbagey on the unlimed section of
Plot A. sbout one fifth, on Plot E, 1t wes not well developed,
on Plot F. about two thirds and on Plot G, about one half.

On both sections of Plot B. the percentage was approximately
20. The unlimed section of Plot C. revealed a 20% contrib=-
ution and the limed section 10%, On both sections of Plot
D. there was only a trace.

(i) With vregard to clover cover 28 Indicating the extent of
development of the plonts and density in sll casss the limed
sections were superior to the unlimed sections, particularly

on Plots A, D, E, and F,

TABLE XI. /
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TABLE XI. TABLE XI. Percentage contribution of Clovers to
- herbage on all plots; and percentage
Clover Cover,
Oct-Nov.1928. April-May 1929. April 1930. Auturm 1930,
Plot. Untreated, Limed., Unlimed, Limed. Unlimed. Limed. Unlimed.
A, 917 10.81 3.7 5433 0 " "
Cover, L6 3.7 0.9 1.8 0 26 3eT
B. 13.7 11.66  L.61 o4y 7.08 - -
Cover. 23 27.7 Tt 33 9.3 28,5 11,1
C. 18.7 15.0 11.8 12,5 5e - -
Cover. 17.6 17.6 11.1 22,3 12,5 8.6 L.6
D. 3645 32,3% 32,2 1.2 2.8 - -
Cover. 69 58 36 12.5 .2 2.8 0.9
E. 20,1 15,6 13.6 1.0 6.6 - -
Cover. 9.7 5043 28.5 18.5 Z.7 15.7 h.6
F. 20.6 1.9 13.6 9.1 6.0 - -
Cover. 9.7 i2.5 22,2 26.8 12,0 4.8 1.6
G. 12,3 18.1  13.5 17.% 11.3 - -
Cover, .1 25 7.4 32.3 18.5 20 15.2
Average Con+
t;fibution. 18.7 17 «0 15. 5 12,0 5.7 - -
Average ‘
Cover. 19.6 32.1 16.2 23,0 8.6 15.2 549
Weeds.

The figures for weed contribution are given in Table XII,
As the investigation proceeded, the weed percentage generally
increaesed and particularly was this the case on the unlimed

sections /



sections, The greatest percentages of weeds occurred in
Plot C, where the chief was Couch Grass, in Plots F, and G.
where Bent and Yorkshire Fog were rampant and in Plot A,
characterised by Rumex sp.

ABLE XII TABLE XII. Percentage contribution of Weeds
1_?.______:. to the herbage on 21l Plots.
Octe. "NC", 1928 . April—'b!a?' 19&9 - A 21‘11 19 350 .
Plot. Untreated, 'Lzmed. Unlimed. Limed. Unlimed.
A, 8.9 Lh.6 8.1 12.2 15.2
B. 0.7 0.7 1.1 2.9 Ly
ct 705 2.8 - 13-6 17.'-'.
Dt 1’8 3c1 1.5 8.5 -
E. 15.2 12.9 13.6 5e2 15.4
Fe 0.6 | L3 6.5 11,2 29.5
Ge 8.6 18.6 1%2.5 1.5 12,8
Average 6.1 6.7 6.3 9.7 13.5

Summary of Conclusions based on analysis of April 1931,

The following summary (Table XIII.) is given as indi-
cating the contribution of the various ingredients at the
spring period of 1931 and after growth and development under
varying condltions over a period of three complete years.
The grasses are listed in order of greatest eontribution and
the plus signs indicate superiority of the particular plot
section in the matter of Wild White Clover cover and weeds,

TABLE /
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Plot.

TABLE XIII.

Grasses.

87.

sumuary of Dotanical Analysis made

during April 1931.

Clover Cover.
Li.me d.o

Unlimed.

Weeds.
Limed. Unlimed.

A,

B.

Ce

De

E.

Fa

Ge

Perennial KRye
Grass
Cocksfoot.

Perennial Rye
Grass
Cocksfoot
Tinothy
Rough Stalked
Meadow Grass

Psrennial Rye
Grass
Rough Stalked
Meadow Grass
Cocksfoct
T hnothy.

Rough Stalked
Meoadow Grasas
Perennial Rye
Grasa
Cocksfoot.

Perennial Rye
Grass

Cocksfoot

Timothy.

Perennial Rye
Grass.
Rough Stalked
Meadow Grass
Cocksfoot
Timothy.

Perennial Rye
Grass

Cocksfoot

Rough Stalked
Meadow Grass

Bt St N Mg N N

e

Timothy (trace)

+++ 2 4+ +

gven

Trace

aven

Mozgs <+ + +

Rumex +

Couch +

Annusl leadow Grass.

Buttercup.

Agrostis + + +

Holcus + + 4

Agrostls + +
Holcus + +

Tillering./



Tillering.

In discussing the figures given in Table XIV. three
points are kept in mind :=-

(1) Theddgree of tillering may be taken as & gulde to the
density of the various species in the hserbagse.

(2) Tillering may indicate to what extent the species will
contribute to the dry matter estimations.

(3) The degree of stooling out on the part of the grasses
will determine the extent of competition set up by each
grass type.

When the botanical analyses were made on the wvarious
dates, the number of tillers was also counted. In Table XIV.
the average number of tillers is given for each grass during
autumn 1928 (seeding year), Spring 1929 (first harvest year),
Spring and Autumn 1930 (second harvest year) on limed and un=-
limed sections., The object in view was to ascertain if the
particular factors influenced tha tillering capacity of the
grasses to any significant extent. In view of the statemonts
already made with regard to the relation between the soil-:
factors and competition, the aggressiveness of the species,
Judged by tillering, may be taken as an index of the response

made in the warlous snvironmeats,

TABLE XIVe¢ /



1928 (1),

Tillering capacity of the Grasses (average per plant)
of the mixture at four different dates - November
April 1929 (2), April and November 1930 (3 and L).

TABLE XIV.

Ge

Fo

E.

D.

C.

B.

A,

UIJ. Il. UL. L‘ UL. L. UL. L. UL. I'. UIJ. I‘.

L.

Constituent.
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Perennial Rye Grass.

During the autumm of the seeding year this grass tillered
best on Plots B, E. and G. Kt reached its maximmn tillering
during the spring of the first harvest year when monthly cutting
comnenced and during the period up to November 1930, tillering
generally decreased, except on Ploi D, where there was a decided
increase in the average number of tillers per plant. This was
probably due to the decrease in the percentage of other con-
stituents and therefore a dscrease in coupetition. Ho conclus-
ive difference could be obssrved between the limed and unlimed

gections.

Italisn Rye Grass,

This constituent showed a greater tillering capacity,
under the conditions, during the first year. It reached its
maximm tillering during the spring of the first year and re-
mained on Plots C. E. and F, until November 1930.

Cocksfoot.

Cocksfoot was slow in establishing itself and tillering
increased up to the spring of the second harvest yeay after
which, as monthly cutting proceeded, there was generally a
slight depression in stooling out. There was no significant
difference between the limed and unlimed sections and tillering

on the various plots was fairly even.

Timothy.
This ingredlent wasg also slow in developing tillers and

the /
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the principle of increase and influence of the monthly cuts

seemed to be the same asg those in the case of Cocksfoot.

Rough Stalked Meadow Grass.

Tillering in this case was consistently the same
throughout the plota, with the exception of Plots C. E,.
and F. (heavy soil types) and Plots D. and G. (Peaty soil
types) in which cases, in November 1930, tillering msey be
described as profuse,

In a full interpretation of tillering, it is necessary
to study Tables XIII. along with Table XIV. Whether a sole
of grass and clover is good or bad in relation to the species
sown must be Judged by the percentage contribution of each
species to the herbage and the degree of tillering of the
individual species. For example, in Plot D. (Table XIIIs)
the herbage consisted almost entlirely of Rough Stalked
Meadow Grass, tillering profusely (Table XIV.) along with a
much smaller gquantity of Perennial Rye Grass and Cocksfoot,
both of which also tillered well. Again, on Plot B. Per-
ennial Rye Grass, Coeksfoot, Timothy and Rough Stalked
Meadow Grass all econtributed evenly to the herbage (Table
XIII.) and tillered consistently (Table XIV.) producing along
with Wild White Clover an ideal, close herbage type with no
undue ecmpetition, no blanks and eonsequently a minimum of
weeds, The other swards can be characterised in the same
way.

I /
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II, DRY MNATTER ESTIMATIONS.

A. EAY, June=July 1929, (First harvest year = App. p.148).

(1) Total dpy matter on limed and unlimed sections.

On Plots B. and E, there was a difference in total dry
matter yield in favour of the limed section. It will be
observed that these plots have the highest pH and lowedt
"1ime requirement® figures in the plot series. Plot G.
also showéd a difference in favour of the limed section.

The other plots gave a negative result., The ylelds varled
from 178.2 gms. on the limed seetion of Plot A. to 531.0 gus,
on the limed section of Plot D,

(2) Contribution of the species, on a percentege basis,

In Table XV. the percentage contributlon, of the separate
grass constituents, the clovers and weeds te the hay cut, is
given for limed and unlimed sections of each plot.

Perennial Rye Grass made its greatest contribution to
ths first ysar'!s hay orn Plot A. to the extent of 67.8% on
the 1limed sesction and 61.6% on the unlimed section, this
grass forming approximately two thirds of the hay yield.
Plot G. also demonstratsd & high contribution, On these
plots 1t will be found that the elovers contributed least
to the hay. Observations mad? with regard to the other
plots lead$ to the conclusion that the contribution of Per-
ennial Rye Grass was inversely proportional to the clover
econtribution, The differences betwoen the limed and
unlimed /
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unlimed sections were not significant or consistent.

Italian Rye Grass showed a considerable variation in con-
tribution, reaching its highest percentage on Plot C. (36.9
and [j1.0) and its lowsst on Plot A. (11.9 and 1j.6). On the
1limed section of Plot C; however, the contributions of Per-
ennial Rys Grass and Clovers were rslatively low and moderate,
respectively. Consequent on a general study of thils con-
gtituent on the wvarious plots, the following conclusion may be
drawn, namely, that where the clovers have negatively in-
fluenced the development of Perennial Rye Grass, Italian Rye
Grass has to a certain extent compensated,and where the Per-
ennial Rye Grass bulked largely in the hay, Italian Rye Grass
wasg somewhat depressed. Thefe was no significant difference
between the limed and unlimed sections,

Cocksfoot contributed little to the hay in the firet
year, but it 1s interesting to note that the greatest amounts
were found in the limed section of Plot A, and the unlimed
section of Plot B.

Although Timothy also contributed little to the hay, the
greatest quantities were found in the hay from the limed
sections of Plots C. and E,.

Rough Stalked deadow (Grass made its greatést contributions
on Plots C. B. and E,

The Clovers have already been discussed in relation to
Perennial and Itelian Rye Grass, They contributed lesast to
the hay on Plot A, and most on Flot D. In all cases,except
Plots /
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Plots F. and G, the limed sectlon was better than the unlimed

As far as Weeds are concerned, thsse appoared to the
greatest extent in the hay of the sectionsof Plot A. and con=-
sisted of Bromus, Holeus, Agrostis and Polygomumn species, and
on Plot G, consisting of the same speciles slong with a little
Swect Vermal and Tall QOat Crasses. Clovers were lcw in these
plots. Small amounts cof weods were identifled in Plots D.
(Bromus, Holcus, Equisetun) E. (Holeus, Ranmuneulus) and F,
(Holeus, Agrostis, Bromus). The weeds on Plot B. consisted
meinly of Brome gress, Yorkshire Foé, Chickweed and Thistles.
The wead contribution was indirectly proportional to the amount
cf clover in the various hay lots. The superiority of weeds
on the limed and unlimad sections generally varied according to

the amount of clover and Perennial Rye Grass contributed.

B. AFTERMATH. September 1929 (First hervest Year - App. p.149).

Table XVI. has besn compiled in & simllar way to the
previous ons and indicates the aftermath hay contributions.

A number of outstanding observabtlions may be made =

(1) Peremnial Rye Grass did not recover to the esame remarkable
extent as Italian Rye Grass. The lowest contributions of
each were found on Plot B, and Plot F. in which plots the
clovers contributed considerable amounts to the second erop

ha'y..

(2) Cocksfoot showed cistinct signs of recovery but did not
contribute to the aftermath to sny considerable extent.

(3) /
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(3) Timothy and Rough Stalked Meadow Grass did not appear in
the hays; Timothy, at least to the extent of only a trace.

(4) Clovers generally were rampant and contributed in an ex-
ceptional degree to Plots B. E. F. G. Co. On Plots A, B.
and C. the limed section was superior to the unlimed, on
Plots F. and G. there was no difference and on Flot E. there

was a negative result.

(5) Weeds were dominated and had suffered from the first
cutting and clover competition.

(6) Grasses which established themselves slowly like Timothy
andIRough Stalked Meadow Grass have been dominated in the
second hay crop by the quickly growing Red Clovers, par=
ticularly Broad-Leaved Red Clover. The elovers have also
had an influence on Perennial Rye Grass and less effect upon

the quickly growing Itelian Rye Grass.

(7) Liming showed its greatest influence vpon the elover cone-

stituents.

(8) Clovers contributed & much greater amount of dry matter to

the second hay crop than they did to the first hay crop.

(9) The reason for the above results seems to turn upon the
1nfluence of lime upon the soillresction and "lime requirement"
and this influence was more marked upon certain plots of a

specific soil typs.

(10) In this connection, the influence of soil microorganisms
on herbage growth may be signifiecant, The problem of the
inter /
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inter-relation of weather conditions and dry matter yield or
dry matter yileld and the action of bacteria is dealt with,in
greater detall, in another section of this paper.

(11) On exsmining the appropriate Table in the appendix (p.1.9)
it will be observed that on a8ll plots, except D. and E, the
total dry matter was greater on the limed section.

(12) The weeds consisted mainly of grass weeds, the other
types being much less evident and having suffered from
cutting and competition.

Ce HA ¥, July 19%0. (Second harvest year - App. P. 150).

(1) Total dry matter on limed and unlimed sectiocns.

On Plots A. D, and E, the limed sectiocns produced a
bilgger hay crop than the unlimed, on Plot B. the sections
wers egual and on Plots C., F. and G. the unlimed sections
produced more dry matter than the limed, but on Plots F.
and G. not to any significant extent. On Plots A. B. C, and
D. (both sections) the total dry matter yield was greater in
the second than in the first harvest year, whereas on the
other plots 1t was less, except on the unlimed seciion of
Plot G. (second harvest year).

(2) Contribution of the species on a percentage basis.

In Table XVII. the percentage contribution, of the
separate grass constituents, the clovers and weeds, to the
second year's hay, is given for limed and unlimed sections
of all plots.

The hay in the second year is mainly composed of Perennial
Rye /
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Rye Grass, Cocksafoot, a little Timothy and Rough Stalked
lieadow Grass and Red Clover. In this ease, as in the
first year's hay, the contribution of Perennial Rye Grass
was in inverse proportion to the clover. In Plot D. the
clovers were in very small gquantity and Perennial Kye Grass
made up approximately one half of the hay. On Plot B, the
clovers contributed approximately one half to the hay, and

Perennial Rye Grass one fifth (limed section) and one guarter
(unlimed section).

Italian Rye Grass had practically disappeared.

Cocksfoot contributed most on Plots A. B. and D.

Timothy did best on the heavier soil types, i.e. on
Plots C. E. and ¥, and on the peaty loam Plot G. (limed).

Rough Stalked lMeadow Grass produced best on Plot D.
(peaty) and Plot C. (heavy).

In some of the plots the clovers prcduced better on the
limed section, in some they wers equal on limed and unlimed
gections and on others the unlimed section produced a greater

weight.

Weeds have been corsiderably suppressed end consisted
mainly of grass weeds (Brouus, Holcus and Agrostis) with
Rumex evident, particularly on Plot A.

De APTERMATH. September 1930. (Second harvest year - App. p.151).

Table XVIII., summarises the percentage eontribution of
grasses and elovers to the second hay crop of the second harvest

year/
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year. The clovers generally contributed a greater proportion
to the dry matter than in the case of the first 1930 hay cut.
ABLE X¥TIIT. TABLE XVIII. Percentage contribution of Grasses,

Clovers and Weeds to the Aftermath
(2nd year) on all Plots.

L. = limed and UL, = unlimed sections.
Aftermath cut for hay during September 193%0.

A. Ba Co D. E. ®, G.

Le Uliec |Le Ule|l Le Uhe|le UVle| Le Uke| La TLe| XLse Ula

cagses.| bli.l 62.8(36.5 70.3(78.0 71.0 (90,0 82.0 1.3 33,5|h3.3 32.2(29.3 10.7
Lovers.| 35.0 36.0 [63.5 20.7(|22.0 29.0 [10.0 18.0(58.7 66.5(56.7 67.8(70.7 59.3

Weeds had dlsappecared, Again, the grasses are inversely

prcportional to the clovers.

E., PASTURE JSEPARATIONS.

The results are summerised and discussed under the following

heads 3=

{(a) Total Wield of Dry Hatter on limed and unlimed at all
centres.

(b) Analysis of the Dry latter Yields.

1. Total dry matter yield of grass, clover and weed
groups on all plots.

ii. Seascnal fluctuations in yield of dry matter of grass,
clover and weed groupa.

1ii. Contribution of each group,on a percentage basls,to
the dry matter at each separation,on sll plots,
(e) /
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(c) Relation between the Factors and Results.

(a) Total Dry Matter Yields.
In Table XIX. the total dry matter yields, on limed and

unlimed plots, at all centres from Deceuber 1929 to November
1930, are indiecated. Diffsrences in yield, in favour of the
limed plot exlsted at five centres and showed a range from
23,1, gms. to 69.5 gus. On Plot B. (Anchordalee) and Plot C.
(Crcfte Garden) there were differences of 25,8 gms. and 156.5
gms, respectively, in fevour of the unlimed plot.

(b) Analysis of the Dry Matter Yislds.

1. Total dry matter yield of grass, clover and weed groups

on all plotis.

Table XIX. indicates the total yield of dry matter for the
period November 1329 to December 1930 in respect of grasses,
¢lovers and weeds on limed and unlimed plots. The total yield
of grasses was greater on ths limed plots in all cases, except
Plot C. where there was a difference of 52,3 gms. in favour of
the unlimed plot; and Plot B. where the yields were equal. On

the other plots the differences in favour of the lined section
renged from 2i.1 gms. to 6%.l gas.

As regards Clovers, differences in favour of the limed
section exiated on Plots A. D. BE. and G. varying from 2.l gnms.
to 15.9 gms. whereas on PlotaB., C. and F, the differences in
favour of the unlimed section ranged from 22,9 gms. to 106.7 gus.

Weeds on the limed section of Plots A. B. Ce F. were
greater in yield than those of the unlimed section, on Plots D.
and /
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and G, the ylelds were equal and on Plot E. weeds on the un=
limed section were double those on the limed part.

ABLE XIX. TABLE XIX. Dry Hatter Yields in gms. of Grasses,

Clovers and Weeds for period November 1929
to December 193%0. (second harvest year).

GRASCSES. CLOVERS. WEEDS . TOTAL.

Limed. Unlimed. Limed. Unlimed. Limed. Unlimed. Limed. Unlimed.

Plot.
A,
Be
C.
De
E.

F.
G.

202,1 138.7 | 1.3 11.9 10.8 ; O 227.2 157.7
281.8 231.1 119.6 8.4 2.3 - 403.7 129.5
260.6 312.9 54.5 161.2 2.9 0.4 318.0  L7h.5
118.6 364.5 2.3 13,6 0.1 1.2 3.0  379.3
2.8 115.6 29.0  26.l 5.6 12,0 177.4L  154.0
z2L.9 266.9 5945 82.5 1.9 0.7 286.3 35040
103.9 79.8 66.5 50.6 12,2 13.0 182,6 1Ui3.L

ii. Seascnal fluctuatlions in yield of dry matter of grass,
elover and weed groups,

A summary of the seasonal changes in respect of total yield
of dry matter on both limed and unlimed sections of all plots
is recorded in Table XX. In discussing these figures, the
following points must be noted:-

The first or zero c¢lip (Dscember 1929) was made approxi-
mately three months after the whole plot had been cut over,
i.e. at the time of making the aftermath determination in
the first harvest year, so that the December pasture elip
was probably higher than it would have been if the pasture
pl;;:l’ h;d been cut during October and November 1929.
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The second pasture clip (April 193%0) was made approxi=-
mately four months after the December 1929 cut, so that the
April dry matter was probably higher than it would have been
had the pasture plot been cut during January, February and
March 19%0.

From the fisures recorded in the Table it will be seen
that there was a minimum yleld, probably sometime between
December and April, a maximum yield during June, & second
minimm during August and a second maxlmm during September.
These minima and maxima, occurring altermately, were true for
all plots and for both limed and unlimed sectlions. A perusal
of the detalled pasture separation tables in the appendix will
substantiate this statement. Furthermore, the minima and
maxima yields were greater on the limed than on the unlimed
sections for all plots, except Plots B, and C,

As regards the constituent groups of the dry matter, it
will be concluded from a consideration of the periodical eclips
that the observations made above also hold good for these
groups. A g.raphical record has been made of the grass and
clover groups for the limed and unlimed sections on all plots
along with the data referring to reaction, "lime requirement®,
exchangeable calecium, losa on ignition, mechanical analysis,
rainfall and tempsrature. Those graphs will be found from
page 170to page 176in the appendix.

i1ii. Contribution of grasses, clovers and weeds, on & per=-
centage basis, to the dry matter at each periodical cut.
In /
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In addition to considering the dry matter from a purely
annual standpoint, interesting observations may be made by ex-
amining the relation between grasses, clovers and weeds within
each separate periodical cut. For purposes of comparison,it is
necessary to use some standard system,namely, comparison on a
percentage basis. Consequent on an examination of percentage
contribution of the grass and clover groups to the periodical
dry matter, the observations in Table XXI. are given, these
having been arrived at by expressing all dry matter weighte as

percentages of the total periodical yield =

2 BLE XXI. TABLE XXI. Months of greatest and least contribution of
- Grasses and Clovers to each periodical cut.
GRASSES. CLOVER S,
PERIOD of PERIOD of
Greatest Least Greateat Least
PLOTS. Contribution. Contribution Contribution., Contribution.
May & Oct. August September Kay & Oct.
“* Unlimed.| " . July July . .
Limed. April & Nov. July July April & Nov,
B Unlimed " i " It " i
Limed. . » " . April & Oct.
* Unlimed. 0 " 1 " n 1
L’JBOdo un H " " " "
L Unlinmed. 1t 7 1 n i ]
Limed. April & Oect. r * " .
=" Unlimed. f n 1 " n "
Lmd. " i " n 1® "
* Unlimed. = » » » w .
Limed. . ' Augt. Augt, . *
- Unlimed. " " " f " "
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The two periods of the year during which grasses cone
tributed most to the dry matter were April-lay and October-
November; the least contribution was made during July=-August.
The reverse was thes case with the clovers, the greatest pro=-
portion appearing in July-August-September and the least dur=
ing April-May and October-November. In both grasses and
clovers this occurred irrespective of liming.

As regards weeds, the greatest contribution to the dry
matter was made during July and the least during the winter
months, The density of grasses and clovers, as indicated by
the percentage contribution of each, had a considerable ine

fluence upon the weed percanﬁage.

(e) Relation between the Factors and the above Results.

The factors, as have already been noted, group themselves
into three main groups, namely, soil, meteorological and
bacteriological. Certain relationships have been sugcested in
the soll data, the soil types have been characterised and the
weather conditions discussed. In Table XXII., the main figures
have been summarised.

The following notes have been compiled, consequent on a
study of Tables XIX, XX. and XXII. and the appropriate data in
the appendixg-

Plot A, The total dry matter of the limed section of this
plot was considerably greater than that of the unlimed sectidn
showing & tendency towards a relationship between acidity and
yield. 1If a closer examination of the plot figures is made,
it /
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4t will be seen that the greatest contribution was made by the
grasses and that there was a considerable difference in yleld,
in favour of the limed section. 1In Table XXII. the factors

of the problem are sumnarised., The grasses which contributed
outstandingly to the herbage were Perennial Rye (rass and
Cocksfoot. Timothy snd Rough Stalked Meadow Grass were domine-
ated. The tendency seems to be that,in & soll type such as
this where leaching is excessive and where quickly germinating
seods and rapldly establishing seedlings exist, many factors

act together producing an sccuwmulated influence, with the result
that the slow germinating seeds and seedling establishment are
abnormally influenced to the extent of practlically disappearing,
in due course, from the harbage. An examination of the plot
during April 1931 showed that Perennial Rys Grass, Cocksfoot and
Wild White Clover had contributed equally, the two grasses being
present to the =ame extent on both limed and unlimed sections,
Wild White Clover being present to a greater degree on the limed
plot. The unlimed section was considerably weedier than the
1limed sectlon and was less luxuriant in growth.

Furthermore, from Table XX. it will be cbserved that there
was a considerably greater difference between the first minimm
and maximum on the limed section than on the unlimed section and
that there was a much greater quantity of materilal at the second
minimum (August) on the limed than on the unlimed plot. There
was li:ttle difference in the second maximum, which was probably
due to the development of the foreign members of the herbage on
the unlimed sectilon.

The /
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The tendencies seem therefore to be that the application
of ground limsstone altered the pH value and lowered the
"lime requirement”, influenced favourably the mechanical
structure of the soll type with a secondary influence on water-
holding capacity. The factor complex indicated, in turn pro=-
duced an altered environment in which ecompetition played an
important part. The three dominant constituents already
mentioned are all rapidly developing species once they are
established and the conditions present in the limed section
greatly accelerated their growth, giving the results already
detailed.

Plot B, The difference in total dry matter yield of limed
and unlimed sections was not significant. This particular
plot, more or less all through the investigation, gave equal
results on limed and unlimed parts. The yield of grasses was
the same on both sections. There was a difference in clovers
in favour of the unlimed plot, but this may be partly due to
the experimental error in which there are rumerous phases in a
problem such as this.

The plot was practically neutral in reaction, had a "lime
requirement” of only 0.68 ton ealecium carbonate per acre, had
a relatively good exchangeable calcium valus (0.112), had an
average mechanical analysis and produced the second highest
yield of all the plots.

If the minima and maxima figures are examined in Table XX.
it will be seen that there was no very significant difference
between the corresponding guantities on limed and unlimed

gectlons,
on /
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On examining this plot in April 1931, it was found that
all the permanent constituents were well represented and fairly
equally distributed,namely, Perennial Rye Grass, Cocksfoot,
Timothy, Rough Stalked lieadow Grass and Wild White Clover.

In brief, this plot revealed a more or less optimum en-
vironment with a corresponding response on the part of the

species of the mixture on both sections.

Plot C. Therse was a considerable superiority exhibited by the
unlimed section a&ll through the pasture period, particularly
in the clover group both as regards total yield of dry matter
and seasonal fluctuations. In view of the fact that the pH
value and'e:nhangeahle calcium were relatively low and the
#1ime requirement™ amounted to 1,1 ton calciun carbonate per
acre, it is difficult to suggest reliable reasons for the re-
versal ofthe differences, except that the plot had been badly
sown or that the selection of the square yard plots was bad or
that the ground limestone applied to a heavy, almost unmanage-
able soll type had aggravated the already difficult conditions,
The yields, however, were high on both limed and unlimed sections
compared with the other plots.‘ An examination during April
1931 revealed that all the permaenent constituents were present,
that Perennial Rye Grass and Rough Stalked Keadow Grass con=
tributed approximately two thirds emsi to the herbage and that
Cocksfoot, Timothy and Wild White Clover made up equally the
rest of the stand.

Plot /
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Plot D. This plot was characterised by a pH value of 5.77,
a "lime requirement®™ of 3,76 tons calcium carbonate per acre,
a loss on ignition of 23.1i56 per cent, and a high fine silt
plus clay fraction, all of which are factors of a fairly ex~-
treme nature when comparison is made with the other plots.
There was a considerable difference, all through the problen,
between limed and unlimed sections, the balance being in
favour of the limed section. Outstanding eharacteristics
were the lowness of the yield of clovers on both sections, and
the fact that the yield of clovers on the limed section was
approximetely double that on the unlimed section.

The maxima ylelds on both sections were high as also was
the differsence between the first minimum and first maximum,
The grass that contributed best to the pasture cuts was Rough
Stalked Meadow Grass and in fact in April 1931, the herbage of
both limed and unlimed sections consisted mainly of this grass,
there being only a trace of the other species. In this ine
stance it has proved, pre-eminently, to be a grass sultable for
the conditions already detailed. The clovers have practically

diseppeared from the herbage.

Plot E. This plot was very similar to Plot B, in respect of
certain soil factors and behaviour of the constituents. Table
XXII. indicetes a pH value of 6,59, the highest of the series,

a "lime requirement® of approximately a ton of calecium carbonate
per acre and exchangeable calcium of 0.1l per cent. The soil
type, however, differed from that of Plot B. The difference
between / -
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between the totsl dry matter ylelds on limed and unlimed
sections was hardly great enough to yield a definite conclusion,
as to the influence of lime, The fleld in which the plot was
located was treated with basic slag and also limed during the
rotation and this probably accounted for the similarity in be-
‘haviour of the two sections right through the investigation.

The clovers, which are the most sensitive reactors to the effect
of lime, showed the least difference. It may be taken, there-
fore, that, as in the case of Plot B, Plot E. was very near to
the lime adsorption point suitable for optimum herbage develop-
ment.

More or less the same remarks apply to the problem of
minima and maxima seasonal yields as indicated in Table XX,
with this qualificaéion that there existed a considerable diff-
erence, in favour of the limed plot, between the first maximum
in the limed section and the first maximum in the unlimed
section,

The two outstanding grasses were Perennial Rye Grass and
Rough Stalked MNeadow Grass with Timothy moderately represented,
Cocksfoot did not do well. Wild White Clover was present in
fair quantity. From a botanical analysis of the plot during
Aprii 1971 the following figures are given :-

Lined Section. Unlimed Section.
Perennial Rye Grass 30% 30
Cocksfoot 5 5
Timothy 10 10
Rough Stalked leadow

Gress., 20 20
Wild white Clover 30 0
Weeds. 5 15

Plot /
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Plot F. This plot showed a superiority on the part of the
limed section to the extent of 36,3 gms. (Table XIX), a differ=-
ence of 58 gms. between the grass dry matter ylelds in favour of
the limed plot but a reversal in the clovers of 22,9 gms in
favour of the unlimed plot.

The last-mentioned may be due to the experimental srror
or to the fact of lower density of grasses on the unlimed
section having allowed of better clover development,

The pH of this plot was 5.51, the lowest of the series,
the "lime requirement™ equivalent to 2.5 tons ecalcium carbonate
per acre and exchangeable calcium of 0.038 per cent, all re-
latively extreme characteristics. The soil type was distinctly
heavy.

The grasses which established themsel;és to the greatest
extent were Perennial Rye CGrass, Timothy and Rough Stalked
Meadow Grass with Cocksfoot in the fourth place. Wild White
Clover established itself well on both plots.

As regards seasonal fluctustions, the seme principle was
demonstrated as in previous plots with regard to minima and
naxima seasonal ylelds of dry matter;

This plot was botanically analysed during April 1971 and
revealed the following cheracteristics 1=

Lined. Unlimed,
Perennial Rye Grass. 207 1592
Cocksfoot. 10 2
Timothy. 10 5
Rough Stalked ileadow Grass., 20 15
Wild white Clover. 10 Trace
Weeds. 30 60

In /
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In comparison with previocus observations, Perennial Rye
Grass and Rough Stalked Meadow Grass held their places, but
Timothy took a place equal to Cocksfoot. The Wild White Clover
revealed only a trace on the unlimed section, The weeds con=-
sisted mainly of Bent and Yorkshire Fog. In appearsnce the
limed plot was dark green snd healthy in colour whereas the
unlimed plot was made up of rmch dead material and lacked the
healthy green colour. Furthermore the limed section carried
a better bite than the unlimed.

There exlisted, too, a striking difference botween the
sward inside and outside the plot. 1In the main field, the
herbage had more or less completely reverted to the character-
istic Bent-Yorkshire Fog condition, The appearance was that
of dense dead flower stalks and little green showing except in
very local parts where much selective grazing had been done.
In such areas the bite was fresh and fairly plentiful,

Again, there existed the cumlative dirficulty, low pH
and high "lime requirement®™ along with stocking with sheep
only, the result being that the environment in the first place
was against the sown species and in favour of the Bent and
Yorkshire Fog and in the second place selective grazing en=
couraged local roughnesses consisting of a Bent-Yorkshire Fog
aasocintion.‘ These roughnesses spread and the field reverted
to the trouble#ome condition. The carefully treated plot has
eonclusively demonstrated that such soils require outstanding
attention along wisbla the lines of correction of acidity and
judicious /
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judicious grazing of proper density with mixed stock. Mowing
and burning are usually carried out but not until the herbage
has reverted,

Plot G, The soil determinations, as in certain other plots,
were outstanding, namely, a pH value of 5.53%, a "lime require=-
ment" of 3,13 tons calcium carbonate per acre and a very low
exchangeable calcium value salong with a relatively high loss on
ignition,

Generally, the herbage responded well to the application
of lime., The total ylelds of dry matter were low but the plot
was located in a field of very low fartility.l

The surmer maximmm was higher on the limed section as
also was the autumn minimm and maximum.

On examining the plot during April 1931, the following

conclusions were reached :=

Limed. Unlimed.
Perennial Rye Grass. 20% 157
Cocksfoot. 20 15
Timothy ’ Trace Trace
Rough Stalked eadow Crass 20 15
Wild White Clover. 10 5
Weeds. 20 50 Agrostis, Holcus,

Prunella, Chickweed,

Daisy.
This plot suffered invasion to a considerable extent by
both Bent grass and Yorkshire Fog, and what has been noted in
comnection with Plot F. applies also in this case.

Seasonal /



Seasonal Fluctuations and Environment.

From a study of Table XX. and the Pasture Separation
Tables in the Appendix, the following observations are pre-

gented 3=

(1) Where the pH values and exchangeable calcium were low and
the "lime requirement® high, growth in spring started earlier
on the limed sections both as regards grasses and clovers

and lasted further into the year than the unlimed herbage,

(2) The first maximum yields (June) were generally greater on
the limed than on the unlimed sections with the exceptions
already noted and there was greater increment between the
first minimum and first maximum yields on the limed sections,
i.e. between February and June, a period of vital importance
to the grazier and flockmaster.

(3) The second minimum yield (August) was generally greater on
the limed sections than on the unlimed or in other words the
effect of lime at this particular period has been to prevent
too great a depression of the yield curve, There was less
fluctuation on the limed than on the unlimed section between
June and September, i.e. there was a more constant and less
diminishing bite on the limed sectlion and the grazing period
was pushed further into the antumn-winter period.

(L) There was no significant difference between the second
maxima,
To /
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To what extent the seasonal fluctuations were caused by
the various conditions of the enviromment is difficult to say,
but two factors seem significent, These are =
(a) Weather; and (b) Seasonal fluctuations in nitrification.

As regards weather, Table XXIII. gives rainfall, maximum,
minimum and soil (44 ins. 3 p.m.) temperatures imnediately
preceding and during the minima and maxima dry matter periods.
During January and February it 1s possible that the low temper-
ature may have caused the first minimum, Gradual improvement
in water supply along with increased temperatures coinecided
with gradual herbage increment until the first maximum was
reached in June. June was a relatively dry month, July was
better, but during the period there was a decrease in herbage

yield, the recond minimum being reached in August. The greatly
inereased rainfall during August may have accounted for the
second peak in the dry matter during September, increased
rainfall in any one month showing its maximum influence during
the following month. In order to substantiate the prineiple,
if 1t exists, the problem would require to be investigated
over a considerably long period of years under a replication
schems, Particular attention has been given to this question
of seasonal fluctuations, particularly in connection with
species and strains by Stapledon and Davies (42), and it has
also been suggested that "the seasonal productivity of pastures
is affected as much or more by the plants' functional period-
icity as by meteorological conditions" (};5).

A= /
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ABLE XXITI,. TABLE XXIII. Seasonal Fluctuations in Dry Matter
- Yield in relation to weather on Flots
A.B.C. and D, from December 1929 to
Hovember 1930,

TEMPERATURES in °F.

Rainfall Soil Dry

Month. in ins. Max. Min, (4 ins.3 p.m.) Hatter.
Jany. 3.80 La,l 33,0 36,1

lst minirmum
Febj‘- 0|51 58.6 28-6 L
Hay. 3.40 5he7 39.9 5643
June. .71 63.8 46.9 bli.ly 1st maximum
July. 3.5% 61.5 50.0 62.7
Augt. 5.17 62.7 | 50.0 60.8 2nd minimum
Sept. 5432 58,0 L7.5 55.7 2nd maximum

As regards the relation between seasonal fluectustions in
nitrate production and dry matter, anything that may be sald is
highly speculative. The verious points, however, may be re-
viewed. Two points have been established, namely, that two
dry matter minima yields occurred during February and August and
two maxima ylelds during June and Septemberj that two maxima
periods of nitrate production occur early in April and about the
middle of September and two minimum periods during Februsry and
Auvgust. The Juns maximum in dry matter seemed somewhat far ree
moved from the April (early) maximmn in nitrate production, but
1t would require to be established at what period the first
nitrate maximum occurs for Plots A, B. C. and D, Again, Af
Limbach /
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Lianbach i1s correct in stating that there is no definite re-
lationship between nitrate production and meteorological condie
tions and 1f there is a connection between seasonal productivity
of herbage and seasonal fluctuations in nitrates, then the whcle
problem is suggestive and work is required to throw light on the
three items of the questions.

A result, in thls particular investigation, which tends to
favour the nitrate«dry matter interpretation was the gensral
superiority of the limed sections of the plots over the unlimed
sections, presumably the lime having favourably influenced
nitrate production with a particular effect upon the grasses.

No explanation can be found for the fluctuation in nitrate pro=-
duction, As has already been stated, a vast field is opened
up, namely, that of the soil microflora and the correlation of
801l environment to thelir activities, seasonal and otherwise.
Suggestive results have been recorded by Humfeld and Erdmen (23)
on the significance of the hydrogen~ion concentration in soil
nitrification studies. The addition of caleium carbonats to
the plots in their experiments greatly caussed 4n inerease in
nitrification.
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5. SUMIMARY and CONCLUSIORS.

A review of the development of grassland science has been
made in Part I, of this paper and the following points
established =

The evolution of grassland sclence may be divided into
four distinct phases, namely, the earliest development, grasse
land practices during the Middle Ages, lModern development and
most recent work. It has been indicated that grassland managee
ment had its origin under very primitive conditlons, that develop=-
ment was extremely slow and that it has always been influenced
by external conditions chiefly by practices abroad. The tend=
ency during the Middle Ages was from an extensive towards en
intensive system. The establishment of the Norfolk four course
rotation and the introduction of clover and turnips marked the
beginning of more rapid development, Reference has been made
to pastoral practices and manuring and also to cultural operations.

The development in most recent years has been more rapid
and vast. It has been convenlent to classify the developments
according to the nature of the work carried out at ths numerous
research stations abroad and in this country.

The all important and elaborate investigations earried out
at Aberystwyth by Professor Stapledon and his colleagues, at
Aberdeen by Dr. Orr and colleagues, and at Cambridge by Dr.
Woodman have been referred to, and also the work of numerous
other research workers, Forelgn investigators, particularly

European /
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European, have also added a wealth of knowledge to the subject
of grassland science. The problem, as a whole, has been
approached from the chemical or nutritional point of view and
from the ecological or purely botanical standpoint,

It has been suggested that one phase in the ecologlcal
study of grassland which has not been worked out is the re=-
lationship between establishment and yleld and a number of
soil factors.

The various problems investigated and discussed in Part II.
of this paper constitute an attempt (1) to work out a suitable
technique for use in future work, and (2) to discover if any
significant change is produced on temporary grass by altering
s0il enviroumental conditions.

The objects in view involved determination of soil
reaction (pH), "lime requirement", exchangeable calcium, loss
on ignition, moisture content and mechanlcal analysis of soils
and their sube-goils on seven plots located in different parts
of the Lothians of Scotland. A suitable grass and clover seed
mixture was compounded and sown down under varying conditions
of climate and practice.

The investigation was spread over a period of three years,
from the spring of 1928, when the seeds were sown, until the
spring of 1931, The plots were classified into 1light, medium,
heavy and peaty soilf types and each plot was fenced against
vermin, dividad into two equal parts, one half being limed wup
to its "lime requirement”, the other half being left untreated.
The /
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The botanical composition of limed and unlimed sections of all
plots was carried out at specified periods, the total annual

and seasonal dry matter ylelds of a selected area on both sections
of the plots were recorded on a pasture, and hay and aftermath
basis. The hay and aftermath estimations were cerrisd out
during the first (1929) and fecond (1930) harvest years, the
pasture determinations being made, monthly, over a complete

year (1930). A detailed analysis of each dry matter cut was

made and the contribution of groups of plants or individual
species discussed in relation to the factors studied.

A study of the factors revealed the following t=-

The superiority of indigenous types over cultivated types of
grass species is now reccznised. Nationality in clovers is

of great importance and field germination is a truerindex of
establishment than laboratory germination. The grass and clover
seed mixture was taken as the basis of the iInvestigation, forme
ing the constant factor. The ecologlcal characters of the
grasses and clovers have been briefly discussed,

As regards soll charescteristics it was found that the
pH values ranged from 5.51 to 6.59. All the soils were culti-
vated soills and revealed the characteristic of lower acidity in
the sube=layers than in the surface layer.

"Lime requirement" varied from 0.088 per cent or 0.68 ton
of calecium carbonate per acre to 0.376 per cent or 3,76 tons of
calcium carbonate per acre and from 0.047 to 0.501 per eent in
the sub=-solls,

Exchangeable ealcium varied from 0,038 to 0.310 per cent

calcium /
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calcium oxide.

Loss on ignition as indleating orgenic matter ranged from
5.655 to 23.156 per cent in the soils and from 6,040 to 3l.}o7
per cent in the subsoils,

Molsture varled from 1.901 to 5.650 per cent in soils and
from 1,539 to £.931 in the subsoils (air-dry),

A detailed mechanical analysis of solls and subsoils led
to a characterisation of the various plots.

A fairly close relationship between pl, "lime requirement™,
exchangeable calcium and organic metter was shown to exist and
this group of factors constituted what might be ealled the
acldity complex,.

In compiling the meteorological tables, the years werse
divided into seasonal perlods to correspond as nsarly as possible
wlth the physiologleal prccesses of the plant.

Rainfall, temperature and sunshine have been discussed.

The chief managemsnt factors have been enumsrated in
sequence and the importance of these emphasised., In the laying
down of the seeds mixture at the various centres, there was some
variation in the methods.

The biological factor was of greatest importance amongst
many other econditions which might have heen investigated.

It has been shown by certain workers that there exlst two
maxima periods of nitrate production per annum and that approxie-
mately the process shows a rapid rise from January to March when
the first maximum is reached, followed by a minimum in Julye
August. A second maximum is reached in August-September., The
view /
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view is held by Limbach that these fluctuations occur independ=-
ently of weather,

An examination of the results, along with a lmowledge of
the factors studied, revealed the following tendencies 3-

sBOTANI AL There eldsted a considerable mortality in seedlings between
ANALYSIS. the actual date of sowing and the autumn of the first harvest
B year. Autum 1928 was taken as the zero point from which
botanical counts and comparisons were made.

Botanical analyses of the herbage were carried out at
four different dates and on analysing the results of the be=
haviour of the individual species it was found that Perennial
Rye Grass tended, in an adverse enviromment, to decrease in
quantity. The suitabllity of other species to the conditions
and therefore competition added to the decrease. On plots of
low pH and high "lime requirement®™ this grass responded to
liming,

Italian Rye @irass showed a tendency to considerable
mortality during the firsb winters the figures for limed and
unlimed sections were inconclusive. This gress developed and
vielded best on the medium loam and heavier soils, all relative-
1y fertile types. It diminished rapidly on the light and peaty
types. Adverse conditions tended to shorten the life of this
biennial.

Cocksfoot was outstanding &n the light and medium soil
types and responded well to liming on the light soil, It
reached its best contribution in the second harvest year. On
the /
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the heavier and peatier types, Cocksfoot decreased on the une-
limed sections,

Timothy gave good results on the heavy soll types and
particularly on the limed aections.

The reason for fallure on the peaty soil was probably
excessive competition on the part of other constituents, It
gradually died out on the light soil, The medium loam was a
normal soil and Timothy succeeded equally well on both sections.

Rough Stalked lMeadow Grass was dominant on the heavy and
peaty solls, the response to liming being evident.

A number of tendencies revealed by the clovers have been
disausaad, chiefly percentage establishment which was lowest
on the light soil, mortality during the first winter which was
greatest on the heavy soils, change in the contribution conse-
quent on liming when there was a considerable difference be=
tween the limed and unlimed sections in favour of liming,

Weeds tended to increase on the unlimed sections. The
tillering of the grass constituents has been discussed in detail,

Total dry matter ylelds of hay and aftermath during 1929

ESTIMATIONS.and 13930 have been studied and the contribution of the speciles

HAY,

recorded on a percentage basis,. From the discussion it may be
concluded that the contribution of Perennial Rye Grass to the
hay and aftermath in both years was inversely proportional to
the clover contribution. The clovers responded very markedly
to liming, particularly where the pH value was low and the
"lime requirement™ high.

Italian /
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Italian Rye Grass reached its highest contribution on
the heavier and medium types and compensated for the decrease
in Perennial Rye Grass consequent on the clover influence.

Cocksfoot, Timothy, and Rough Stalked Meadow Grass made
their grestest contribution to the second year's hay.
Cockafoot responded to liming on the light aecid soil, and
Timothy reaponded to lime on the heavy types.

Clovers dominated the slowegrowing grasses like Timothy
and Rough Stalked Meadow Grass in the aftermath.

The influenze of soil micpoorganisms on the plant come
munity may be great and requires investigation,

The hay in the second year eonsisted of Perennial Rye
Grass, Cocksfoot, a small proportion of Timothy and Rough

Stalked Meadow Grass, and Red Clover.

Pasture cubts were made on limed and unlimed sections
of all soil types from December 1929 to November 1930, A
study of the analyses revealed a number of tendencies.

Generally, liming had a marked effect upon the total
annual dry matter yilelded. Grasses and c¢lovers developed
better on the limed sections than on the unlimed,

There existed throughout the year two minima (February
and August) and two maxima (June and September) yield periods
in dry matter and in this connection the limed sections were
superior to the unlimed.

Crasses contributed most to the herbage during April-May
and October-Novenber, the least contribution having been made

during /
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during July-August. The reverse was the case with the elovers.
In a discussion of the relation between the factors and
the results, a tendency to a relation between acidity and yield
has been shown. There was the result of a complex accumlated
inflaence on the soils of lower pH and higher "lime requirement"”,
Liming generally improved matters. In the case of the soils
approaching neutrality, the effect of the application of limé
was least marked, An important question, in this conneection,
arises, namely, the adsorption capacity of the various soils as
regards lime. The clay-hums substances varied in quantity in
the various soils, The question is -~ Was the lime applied
equivalent to the total amount capable of being adsorbed by the
various soils and if not, would it have been reasonable to exe
peét that there would have been a greater response on the part
of the herbage to a greater application of 1ime? Questions
such as these can only be answered by further experiment.
Furthermore, it is suggested that there is probably some
connection between the seasonal fluctuation in the dry matter
and the seasonal fluctuation in nitrate production, and that
the fluctuations ere not entirely a result of metsorclogical
conditions.
The whole work just reported on suggests the following
further schemes of investigation :=
(1) An enquiry into the relation between the soil factors
already emuerated and single species of grasses and
elovers over a longer period, with a much wider range of
PH values, at higher altitudes and on solls of greater

"1lime requirement®,
(2} /



{(2) An enquiry into the seasonal fluctuations in pasture and
nitrate production on different soll types.

(3) An enquiry into the influence of the herbage on the soil
microflora on different soil types and seasonally.
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SEED DATA.

SPECIES « Percentage of Mixture.

Purity Percentage.

Germination percentage.

Real Valums.

Source.
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SEED DATA.
A, Kimming Hill, B. Anchordales.
C, Crofts Garden. D, Crofts.
Per cent
Constituent of Purlty Germination Real
_ Mixture, . %o Value. _Souree.
erennial Rye Grass(12) 16.5 99t 9l 93.l4  Ayrshire.
-talian Rye Grass (8) 12,2 99.8 98 97.8 France.
-ocksfoot (8) 23.4 95.6 9l 89.8 Germany or
Poland.
4mothy (3) 20.1 99.3 98 97.3 America.
mough Stalked leadow
Grass (1) 1.2 9047 93 8.l  Denmark.
sroad-leaved Red
Clover (1) 1.5 99,2 ol 93,2 Mixed.
smate=-flowering Red
Clover (2) 2.8 98,11 92 90.5 Sweden.,
-1sike (1) lLe3 98,2 98 96,2 Canada.
=11d White Clover (1) Wy 95.7 78 7h.6 Xent.

Figures in brackets = No. of 1b. of species in the mixture.
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SEED _DATA.
E, Bangour.

Constituent of ﬁiiﬁ%ﬂﬁ. Purity %, Germination Z. Eggie.
wgrennial Rye Grass (12) 16,5 99. 90 89.
‘talian Rye Grass (8) 12,2 99. 95 9ly.
‘ocksfoot (8) 23.1 93. 90 8ly.
'imothy (3) 20.44 9845 97.75 96.
‘°“s§r§§i1¥i? feadow 1,2 934 93 86.5
-road-leaved Red Clover(l) 1.5 9945 91 + 2% hard 90.5
mate~flowering Red panss

Clover (2) 2.8 98.5 88 + 4z * 86,7
1sike (1) L3 98.5 93 + 6% " 91.6
'41d White Clover (1) b7 98. 80 + 162 " 781

Figures in brackets = No, of 1lb. of species in the mixture.



SEED _DATA.
F. Wedderlie. Gs Cammerlaws.
Per cent
Constituent, of Purity Germination Real
Hixbture. %e Ze Value. _Source.
rennial Rye Grass (12) 16,5 99 88 87 Ireland.
alian Rye Grass (8) 12.2 99 86 85 Ireland.
wcksfoot (8) 23,1l 90 9l 8li,6 Denmark,
mothy (3) 20.); 99 97 96 America.
ugh Stalked Meadow
Grass (1) 1U1.2 - o= - -
wad-leaved Red
Clover (1) 1.5 99 93 + 3% Hard 92 Chile.
Seeds
ite-flowering Red
Clover (2) 2.8 98 86 +8% ™ 8lie3 England.
wike (1) L3 98.5 93 + 32 " 91,6 Canada.
s1d White Clover (1) he7 9646 83 + 5% 80,2 Kent.

Figures in brackets 8 No., of 1b, of species in the mixture.
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REACTIONS

AUTUMN 1928, (Oct.)

pH of Soils and Subsoils.

Kimming Hill,
Anchordales.
Crofts Garden.
Crofts.
Bangour.
Wedderlie.

Cammerlaws.

Before Treatment.

Soil. Subsoil.
576 579
6.57 6.57
597 6.12
577 5.85
6.59 6.15
551 553
553 551

SPRING 1930. (Apr.)

13

Limed. Unlimed.
Soil. Subsoil, Soll. Subsoil.
5465 - 555 -
6,62 6.59 6.19 6.25
6.00 6.08 5.70 6.07
6.26 5.83 577 5.72
6.145 6.16 6.33 6.20
5430 5.146 5.2l 5.22
5-11»1 5'27 5-36

5430




LIHE REQUIRE!ENT of Soils and Subsoils (1928).

(expressed as

SOIL, SUBSQIL.
A. EKimning Hill,. 0.188 0.157
B. Anchordales. 0.068 0.047
C. Crofts Garden. 0,110 0.078
D. Crofts. 0.376 0.501
E. Bangour. 0.09 0.125
F. Wedderlie. 0.251 0.172
G. Cammerlaws. 0.3%13% 0.250
EXCHANGEABLE CALCIUM - Soils.

136.

gn. caleiun earbonate per 100 gn. air-dry soil)

(expressed as percentages of Cal present in alr-dry soil)

A,
Be

D.
E.
F.
Ge

Kimming Hill.
Anchordales.
Crofts Garden.
Crofts.
Bangour.
Wedderlie.
Camnerlaws.

SOIL. (Oct. 1928).

0.053%
0.112

0.080
0.310
0.11
0.033
0.080




LOSS ON IGNITIOH =

(expressed as a percentags)

Soils and Subsoils.

SOIL. SUBSOIL.
A. Kimning Hill. 7.226 7358
B. Anchordales. 6.195 5.229
€. Crofts Garden. 5.655 6177
D. Crofts. 23,1156 3l 107
E. Bangour. 10.895 9.205
F. Wedderlie. 7.662 6.0l0
G. Cammerlaws. 11.483 7.356
MOISTURE in Air-Dry Soils and Subsolls.
(expressed as a percentage)
S0IL. SUBSOIL.
A. Kimming Hill. 1.98) 2.313
B. Anchordales. 1,901 1.752
C. Crofts Garden. 2,2l 2,185
D. Crofts. 5.650 6.931
E. Bangour. 3,082 2.541
F. Wedderlie. 2.559 1.765
Ge Cammerlaws. 2.250 1.539

1zZ7.
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MECHANICAL ANALYSIS of SOILS and SUBSOILS.

(Fractions expressed as percentages).

SO0ILS.
A. B. Ce. De E. Fe G.

oarse Sand 55412 28,50 20,78 U3 24.59 15,78 17.90
ine Sand UViezlh 24,72 23,07 10,76 18,33 2047 30,11
11t 5.57 13,37 13.26 8.6l 10.86 16,97 15.56
ine Silt 7.97 13,23 1642 18,00 17.34 21.21 16.36
lay 7409 11,13 12,90 18.88 130 15.29  6.36
-oisture 1.98 1.91 2.2y  5.65 3,08 2,56 2.25
gnition Loss T.22 6420 5.66 2346 10.90 7.66 11,48

Total 99.59  99.12 99,23  99.82 99.40  99.94 100.02

SUBS O0OITLS.

woarse Sand 48.50 31,16 15,38 7.59 22,05 15.98 11,98
Eine Sand 20,18 23%.33 23,17 8.93 23.48 21,99 35.68
m1t 5.3 12,56 15.88 6.05 10,06 15,48 17,56
Bine Silt 8.62 13,8 20.8% 16.85 19,18 23,16 15,80
oy 649 11,52 15,80 19.09 13.50 15.64 7.00
wisture 2.31 1.75 2.19 6.93 2.51 177 1.54
znition Loss 7436 5e23 6.4,8 3l 9.21 6.0 736

Total 99.25 99.39 99.74 99.85 100,02 100,06 99,92
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BOTANICAL DETERMINATIONS.

1. Proportion of the speecles (seed) in the mixture at seeding.

2. HNumber of plants of sach species at end of seedling year,
in the spring of the first harvest year, in the spring
of the second harvest year and in the sutumn of the
second harvest year, on limed and unlimed plots.

3« Total number of tillers of each species of graas at the
periods detailed in paragraph 2, on limed and unlimed
plots.
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DRY MATTER DETERMINATIONS

en Limed and Unlimed Plots.

l. Hay Separations in the first and second harvest years
and the contribution of species in sach case.

2. Aftermath Separations as in Para., 1.

5« Pasture Separations:- lcnthly Cute over the second

harvest year; contribution of grasses, clovers and

weeds to the Dry Matter.

7.



8.

HAY SEPARATIONS. First harvest year = 19293 Dry latter in gnms,.

and separations expressed as percentages of total Dry Matter,

Area analysed = 1 sq. yd.

O —— S .

“ENTRE, P.R.Ce I.ReGe Gockﬂ. Tin, R.S.E‘E.G‘o Clovers. Weeds, Total.
Lim d-n 121.0 210 L ] 2| 02 2.’0 1 * 1 8.2
- %? 67.8 11.8 ﬂ.g 1.2 g.h 1e3 12. ¢
s,
Unlimed. | 133, 21.6 .6 2, .8 0.8 0.76 | 216,36
= . 22.2 iu.s o6 1.; g.a 0.5 %S.g ?
Limed, 125.5 66.5 12.0 900 20.9 m.? 11.6 590.2
Toe | 32,2 | 17.0 | 3.1 | 2.4 | 5.3 37.1 2.9
!;ﬁnlimsd.! 156.5 68,8 [14.3 6.0 (21,8 9%.7 3.2 [36l,3
%o | 2.9 18.9 3.9 1.7 5.9 25. 8 0.9
Limed. | 82,7 |1i1.2 | 0.65 |25.9 [22.2 | 99. 5 9.5 |332.65
%. l 21-6 36.9 002 7.0 5.9 26. 0 2.3
“Unlimed. | 138.7 [162.5 | 0.65 |10l |37.5 13,8 2.1, (395.95
Z. 3540 .o 0.2 2.6 (9. 11.2
Lined. 200.0 75.0 6.5 h.o |10.0 232.5 2,0 |531.0
l % 37.7 1.2 1.2 0.8 1.8 3.8 0.5
Unlimed. | 219.0 | 79.0 | 6.0 | 3.2 | 8.6 206.0 9.0 |530.8
e B13 | U9 | 11 | 0.6 | 1.6 28,8 1.6
Limed. 116.h | 49.9 | 1.9 [21.5 | 9.7 159.2 1.1 | 359.7
%e 224 | 13.9 | 045 6.0 | 2.7 W2 0.3
-
Tnlimed. | 119.0 503 1.1 |17.6 |16.0 123,2 2.5 | 3%29.7
De 36,1 15.% 0.3 5.3 L.9 373 0.8
Limed. 151.0 55.0 o5 li.0 1.0 22040 3.5 | 1139.,0
Ze bl | 12.5 1.1 | 0.9 | 0.2 5041 0.8
“Unlimed. | 145.3 | 5147 | 3.0 | 3.3 | 0.5 239, 5.6 |L48.9
y N 22.5 11.5 i 0.8 0.1 5% 1.2
Limed. 185.7 605 L.7 [11.1 3.6 30,0 23.9 | 319.5
. 53-1 18.7 1.5 345 1.2 945 Te5
-!-Unlimed. 118.0 LI.. . ' 0 27« ! 08 26 .
. R R R RS 5 Il
Dates of Cutting:- A. 1.7.29; Be 28.6.293 Ce. 27.6.293
D. 3.7.29; E. 07029; Fe 9-7.29;



9.

AFTERVATH SEPARATIONS.

Dry Hatter

First harvest year - 19293

in gms. and separations expressed as percentages of total

Dry Matter.

Area analysed 8 1 sq. yd.

G — T — i —— -

I.ReGe Cocks. Tim. Re.S.M.G. Clovers. Weeds. Total.

PoRch

CENTRE.

315.0
193.7

o

| o - |
S S W S D WS b
|

ace trace

0

|
|
i

lg:g Fr

62.7
27.1

3345

527

§

| mom -

26
1l

%o

Unlimed
Limed

%e

8
Limed
o

Unlinmed

cuttingss -

Dates of




150.
Total.

Weeads,

Dry Hatter
percentages of

Clovers,

27543

. 60lL..8

Area analysed ® 1 sq, yd.
R.S.}’EOG.

Tinm.

Second harvest year « 19303

separations expressed as
liatter.
Cockao

I.R.Co

in gms. and

total Dry

HAY SEPARATIONS.
P.ROGI

Unlimed |
%o

CENTRE.

(T \Xa] POV
e » * @
QY (= Ne’
aond =iy
i i
N oo
e @t
e [41]
[ A O~
L N ] *
r~ 4 M
N O
o0 ow
L . @
0y P
el O~
o @
%O %0
¥ &
42 52
o Ny =0
. @ e
NS S
e~

%a

cuttinzi~ A.

110.0
3245

Dates of

Unlimed
Ze




AFTERMATH SEPARATIONS.

Second harvest ysar - 19303

Dry ilatter in gms. and separations erpressced as

percentages of total Dry Matter. Area analysed =

1 sq. yd.
CENTRE. Crasses, Clovers. VWeeds. Total.
[ T I
Limed 1.7 39.0 l 1.0 3.7
. i 35.0 i 0.9
A, f
T TUnlimed 5%2.0 Oe 1.0 ;
B 3.8 i gé.g 1.2 5
Limed 79.0 L 137.5 i 216.5
e . 38,5 £3.5 -
* Unlimed 127.5 f 537 - 181.2
- 70.3 } 29.7 -
Limed 127, | 640 o 143,
E? %3.3 ! 32.0 ; - 51
. | |
~* Unlimed | 10745 i .o _— 151.5
4 | 71,0 | 29,0 ! -
Limed ! 191.0 ! 22, i trace 213.1
- l 9000 10.0 | o
e, } [
Uﬂlimed i 1-0 31.0 | t?ace 172-0
g. 200 18|0 | Q
Limad 6.5 80.2 | trace 136.7
” a 21.3 53847 o
- Unlimed 3645 2.0 trace 108,
%. 33,5 26.5 | o ?
Lined Z?.? 12500 - 220.7
' A 3.3 5547 o
> Unlimed 61.0 128, - 189,
K @ ° 32.2 67.5 0o 9 7
Limed 25.6 62,0 trace b
| . 28.5 | 70.7 : o 51
* Unlimed 9i | 57.5 | trace 96.9
. Ce7 ' 593 i o

|

Dates of cutting:=-

A, 11.9.30;
D. 11,9.303

B. 11.9030;
E. 17'9030;

Ce 11.9.30;
F. 15.9.30;

G. 15.9.30.

151.
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HETEOROLOGICAL DATA.

Monthly Rainfall at all eentres.

Haximum and Minimum Temperatures at all centres.
Relative Humidity at one eentre (Plots A.B,C.D.).
Sunshine at one centre (Plots A.B.C.D.).

Soll Temperatures at one centre (Plots A.B.C.D.).
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TABLE showing RAINFALL per month (in inches) December 1927
to November 1930 at BOGHALL (Plots A, B, C, and D.)

W Rainfall[_Rain Baysr Rainfalli Rain Daya}_hainfalll Rain Days

| 1928, 1928, | 1929, 1929. | 1930. | 1930,
$?;ember | 2.23 18 li.70 | 2l
927) | | (19523) (1929) i
January 6.17 25 1.06 13 3.80 ‘ 26
Tebruary 2.81 | 16 0.93 1 0.51 | 10
darch | 1.93 2l 2.4 7 2.60 j 18
April ! 0,91 | 16 1.88 13 1.05 | 20
ey o 1.57 13 1.61 12 3,40 10
une | 5.6 20 2.7 16 1.71 Uy
Tuly 2.48 1% 2.97 13 3453 19
ugust .76 23 .12 22 5.17 22
ieptember 2.2l 15 0.38 | 5 532 20
“ctober 3.20 19 J 3.17 20 3¢32 | 25
foverber 350 21 Iolyly 2l 5.27 E 19




“uly
agust
eptember

mctober

=0vember

TABLE showing IZAN TEMPERATURES (Max. and Min.) per month

Decermber 1927 to November 1930 (in degrees Fahrenheit)

at BOGHALL

(Plots A. B. C. and D,)

161.

1928, ‘ 1929, i 1930,
Maxtmu | #tntmo ! MaxLmmam ﬂinimum{ Maximam | Hiniumm

- - } h1.9 32,1 43.6 3545
Mo |k | 39.0 | 2905 | Ladi | 3300
1.6 hel | 36 | 28,3 38.6 28.6
h2.5 35.1 51.0 zh.1 2.1 32,1
49.2 3746 L6.6 35.1 L8.7 | 38.5
54.0 | Lo.8 | 55.9 | L0.9 she | 39. 9
56.8 L3.h | 5945 h5.2 63.8 h6.9
61.1 49.3 | 63.1 52,1 61.5 50.0
5946 .2 60.6 Lo.3 62.7 50.0
58.1 h5.2 61,5 43,2 58.0 47.5
5543 391t 51.0 Li.o 52.0 h2.2
48.3 37.8 L6.6 27.0 Ihioly 3.6

l
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TABLE showing the MONTHLY MEAN of RELATIVE HUMIDITY (%)
from December 1927 to November 1930 at BOGHALL
(Plots A, Be Ce and Do)

' |

1928, 1929. 1930.

9 aemse 3 peme 9 pem. 9 a.m. 3 Dol 9 peu. 9 a.mes 3 pems 9 pem.

December - - - | 881 87.3 837  89.8 85.5 87.1
January 90.8 86, 89, | 83.3 85.9 86l  90.5 86.3 88.1

February 89.9  86.  91.8 | 843 79.7 854 | 90.2 80.2 88.7
March 1 89.0 85.4 894 | 80.8 70.7 83.0 | 87.9 78.L, 88.9
April 81, 69.4 82.8 | 80.8 67.8 845 @ 83.1 80.1 87.2

May 79.3  T73.5 86.2 ; 82.9 69.1 79.7 | 80.5 70.1 90.9
June 7.5 70.7 BLT | 765 66.2 85.2 | 7h8  65.8 81.3
July 798 77.7 86.2 | 8l.0 7h6 86.3 | B81.2 73.9 87.8
August 88,5  79.3 89.7 | - . - | 837 75.1 88, 2
September 81.1 70.2 85.h - - - 85.0 82,9 89.7
©ctober 86,6 81.0 90.6 | 90,0 8. 92, 83.7 79.9 86.h'

slovember 88.9 8ly. 86.6 | 92,7 86.6 90.8 86.7 83.1 86.0
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TABLE showing MEAN DAILY SUNSHINE (hours) per month from
December 1927 to November 19%0 at BOGHALL
(Plotﬂ A. Be Co and Do)

[ 1928. | 1929. 1 1930.

| lfean. Range. lean. Range. | lean, Range.
December | - - 1.6 0-6.1 } 1.9 O=l1.5

(1927) |

January | 1.5 0-6.8 1L 0-5.8 | 2.1 o0-b.1
February | 2.9  0-8.9 2 0-8.7 | 3.1 0-7.6
March 1.6 0-8.6 5.8  0-11,1 ; 3.6  0-10.L
April ZJp 0=9.2 3 Ite5 0=11.9 } 3.8 0-9.2
May b3 0125 | 5.9 0-l5 | 5.7 0-13.0
June 6.3 0=15.1 6.8 2155 | 8.1  0-1l.9
July 5.6 0-11,0 5.5 0=11.5 | I ] 0-15.1
August | L.0 0-10.6 i 0-11.3 5.1 0=13,5
September 5¢1 0=1l0.2 507 0=10.9 | 2.9 0=10,0
October 2.1 0-=9.1 | 4.0 0-8.8 3,1  0=8.0
November 2.0 0=6,0 1.9 0-5.8 | 2,26 0-8.0




1923.
1,

8®,

L.

1928,
1, Lo,

8",

BOGHALL (Plots A.B.C.Ds)

from December 1927 to November 1930 at

EI h".

TABLE showing MEAN SOIL PEMPERATURES per month

o o o v~ (%) O o~ o © i [ ] o

o f 0 nh.- uh.- &- L I | &-L._:ﬂa- -.nm.-..n_..-ﬁon- T I

M. 3 13 13 mu. B N [TaY " T¥ = M
¥ od o ~ 1 ~ 0 .

M..Mm.. 1y st R ....m.~.8...nn...m...fm..m..

M 13 '7% T3 .M. M.m_. un 1o (Te) [Ta "= .

INON A0  ENVH  ONONY Do Deberd M RO M Deperd IO OO INOMA
LA NNt .u«ﬂ.ﬁﬂnm SNG I PeOae D e PG RO S & e OGO
MARNNY MOV Rag 499 5ad AR NN ARG IAA ey 383

OO ONN Mo oON o 8:...,0 IO oy o .hw nm.....md Gﬂfmhwﬁsn.._
[ ] L} L L
0

L ] [ ] * & @ * & @ ..nU. 0.9&0/. 30 ﬂ:”tﬂaﬂqo; 37
AR RN RER RS 299 e RS RdR JP8 e 488 ada

O 1 [wa ] o
' M..&..&.. N m..M..M..M...&..hw..
M N b | = S N T8 N
(4] MY M (35
' Mu..vu..om...uw...oum..&..nnu.w..m..am..:u..
N PN M . | = " i TN N =2 hom ¢
EOND IO NN MON NOM VMO MN[0\ NI O
5 e o @ | I B | ® o o " e o e o o . o @

O Owmn
* & @ L ]
1 | QA NN DD iD= O Nt
m....m_.m SFUNUN WAL VALY IS WA

Vbt O Wit KN~ Ol ONNO OO~

MHI”I.. .lﬁvl. ..IM-L&%'"M.O’Q./I“.—..O‘-%-.&./ .7.0-5./0...
BOMNRY, 5.29_ Mﬁ.% m...?_ LN NN N0 I IR AL M...uruw .hﬂ.

December
(1327)
anmary
February
March
April
Eay
June
July
August
September
October
November



BOGHALL Soil Temperatures (Continued)

h-nt 8'. 1'. h.'o
December 37.3 38,1 38,3 1.6
(19 ) * -B. - ™
N g4 BE I -
o7 6o 36.8 38,4
A ol ol T P
Fo : : 33:7 57:2
L ] 6.2 6. E ]
Maroh 8] 285 B TS
6.9 37.2 - -
3.1 h2.3 k2,7 Ja.5
April Lh7.1 L3, - -
Woh g I =
L418.6 8.0 . 6.2
May 56.3 50.7 !"8-5 h-
52.0 5L.7 - -
':6. 5 . 6. 2.8
sume il B
57. 0.0 - -
K746 571 Te 0
July o7 29-2 ? -5 55-
60'5 0.0 - -
.6 . 6.0 <%
sugust 28 i3 Vub o
53.1 57.3 - -

2. a. L
Septenber g .g EE.% 55-h 5h:1
5 .0 * - e
6. L ] L
October hﬁé?a ﬂk.; h6-9 50-1
1-14605 !&7'5 - i
16 8. .3 ®
November ; o7 29.3 39- hh;9
38.1 39.2 - -
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TABLE showing RAINFALL per month (in inches) December 1927
to November 1930 at BANGOUR (Plot E.).

Rainfall |Rain Days | Rainfall | Rain Days| Rainfall ! Rain Days
1928, 1928, 1929. 1923, 1930. |  1930.
December 1,01 13 2.6l 21 lte59 | 30
(1927) |
January L57 31 0.91 12 .06 27
wrobruary | 2.9 21 1,17 16 0.50 | 8
smiarch | 1.92 22 0452 9 2.25 | 17
=\pril 1,01 17 2,03 1 1.01 18
slfay 1.96 11 1.79 1 1.51 1/}
= une 517 22 2,112 19 2,06 || 17
=uly 2,30 17 2,08 16 3,61 | 22
Augast .66 23 ly.66 25 5.65 | 23
=eptember 2,97 16 0.85 11 %461 1}
m)ctober .00 2l 2450 2ly 3.97 27
={ovember 3,13 2l 1.6l 28 L }8 20
|




TABLE showing MEAN TEMPERATURES (Max. and Min.) per month
December 1927 to November 1930 (in degrees Fehrenheit)
et BANGOUR (Plot E.)

1928, | 1929. 1930.

, [ | !
‘ Maximum | Minimum } Maximum | Minimam i Maximum Minimm

-ccember ! %6.6 28,7 | 1.y ; 3049 ! 3.1 T 31,0
(1927) | | | | ,
-anuary ; L3.1 3%.3 2745 i 28.8 | 2.3 @ 32.l1
ebruary - Lzl | 336 | 372 | 26,6 | 3.2 274k
=arch 2.8 3.3 | 5046 335 -i 2.9 ; 32,0
pril ; 9.0 i 367 | U7.2 : 33,1 ; 19,0 i 37.6
=0y . 5h.h | 391 56.2 | ho.ly 5&.2-2 7942
-une 57.1 | L2.1 604 12,9 6343 ; I5.1
uly 61.3 13,8 63 | b7.8 2.9 o u8.7
~ugust 6342 3 I18.5 61.1 | L7.6 | 62.7 ! ;8.8
-eptember 58.3 i 2.5 61.0 16,1 ! 5843 } 6.1
—ctober 52,2 | 3946 50,8 38.7 | 5L.7 i 1.5
~ovember h7.3 ‘ 3740 5.7 | 3543 E bs.l | 32.8
| |
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TABLE showing RAINFALL per month (in inches) December 1927
to November 1930 at MARCHMONT (Plots F. and G.)

RainfallE Rain Days! Rainfall !Rain Daya-{ Rainfall ERain Days

1928, | 1928, | 1929, | 1929, 1930, 19%0.
-December 2,72 23 | 1.99 | 21 3.3, 24
(1927) | |
January L6y | 27 247 | 1 | 212 | 25
February 2.56 21 i 1.8l ! 15 1.57 ? 17
Zfarch h.12 27 | 0.17 | 6 2,%5 | 17
April | 1.5 19 E 1.54 { 17 2.18 | 21
May 13 13 1.71 | 13 | 0.95 12
June . 5.39 | 21 2,12 W e | 13
July ; 1,58 11 | 3.88 15 3.59 | 16
awgust | Lo | 20 1t 6); 22 hao | 2l
september | 1,51 15 0.21 9 L9 ' 2l
Jetober 3,86 | 25 ' 2490 22 3.86 j 23
siovember Z.12 21 3,61 26 .38 E 16

1




TABEE showing MEAN TEMPERATURES (Max. and {in.) per month

December

(1927)
January
February
larch
April
May
June
July
August
September
October

November

at MARCHIONT

December 1927 to November 1930 (in degrees Fahrenheit)
(Plots F. and G.).

169.

1928. 1929, 19%0.
Maxirmmuum !Mlnimum HaximumI IHinimm Haxirmm fMinimum.
375 | 3041 L1.5 ' 30s5 | L3.h 3347
3.8 | 32.6 38,7 | 29,5 | 431 31,8
5.3 32,8 36,9 i 26,6 i 10,0 28,6
3.8 3l 53¢6 | 33.7 | L8 | 32.3
5046 3740 k7.7 ‘ 3ll Ly.1 | 38.1
55.3 | L1.0 53,6 | L0.5 5548 | 39.6
58.0 | 3.3 61y | b9 66.h | L5a7
6L.3 i9.0 6l 9 i L9 63.8 5061
65.7 | L9.2 63.5 | U4B8.8 65.1 9.7
591 | Lha7 62 | h7.1 583 | L7.7
52,6 3946 51.9 3947 53.h | laJy
B8.5 | 377 | Lrh | 3.9 | L5.3 | 33.8




170.

ke s

.DM%_....\&Q ..V.NT.. .%Q
= a4

.wnv.PM MLy
,.mua.‘h% dﬁé‘\é
[orb) o= sg.0 ,a‘T..ww:%e\ bl
70/ PHIT Py
1hb TR
1 .65 T [T
9tz-[ ﬂ\‘u\,\:%\\)ﬁ\\g\
£50:0 é%\w,\vwosw\
A8/ -© n.)lﬂéulﬁw.\
9.5 (W) ~yrry

[ismoc | e 1 W& —

otby papvanry sy btk 2\“
. G il amar i€ R e
[ Qro\%_BM\.& wi 1.}\&1\ ﬂt‘_ﬁmn\?m_____._w.: e
_ e sttt RS
%\vf\w‘\i 'l

09

o8
Sub

AY¥ T

SI9LLPW




171.

b
-
-

—— SYIAOTD

! L —_— sISSYYD

VALV AXT

swh ]

chapiay T 0Ty,
(orb1) =¥ 85-0% yyForee gomine iy
an 4y \4@\1. e

Lo 55 (ot el <

6587

ﬂg\d\n\&.U( L 8 L :J(\v\‘w._\ N GG RN
.wh,...w é{xma\)%\\ﬂw
iy oy YHF o ey ———
2190 Tl ey orbl Ay oy brby ooy

ok gy et
| g&.q .:mw.w% h.«ww.“woo i \40‘;6\1“&« vﬁi&é e T VS T R e S




\ T e ]

o _
'g3sshyh
_

MaLlLHW AYCT

€.bbe _ i

€,0-18 Pl

\&.bu e R5.0 }d\?{*\w\d\u\
. ~rb mtuu + u\u\r\.&.ﬁ it
£5-Hh B R nandiac™
8l-oz Tho bl e t___w\ oz)
£595 Lb‘....nu ety HiEE; § £ JJ,&J!S\ HiH e s

os0-¢ jsv,.\dusg\s\wﬁc‘,wé.“\ :
oli.o 2 . gyl u.i..mv\ M z

SR AT IR, X BHSHIE o 103 B 1o YU 5 |
ey ogbraly  gehyp =i I ac) é&yvmv @VNM\ i&xﬂ:&\%\ﬁﬁ\@\}\
Fh e T T o AR e iﬁi&\;\ﬁeﬁ%g?%_:i-k e L e e o B




oL ._.V
Eil
A \w\
¢ %1l 2

T e e e e —— — 5 "SYINOTD|

ol

0)

0T

'SISShyH)

ﬁ
\
bbb \
£.0s el //\ . i
%«%r&ﬁxgzé (

SFLLEW AT

(otb)) e3¢0+ q.lnﬁaiéé rrL
L89¢ N@u+ 7, sl ane "
o4 .5/ e il e it | I
ch.h S (A aaod |

AN i%\eﬁ £ TR R R, e 61 v e e Wb
o_ﬁ.u..z_:,du.eu.i.w\%w . =

. 9l¢.0 QJAQ..S\_.@«(JW Qi\w\ ?GU\X\{%:\%
RS R AT 929 LL-s ?&esua«& A.&.? Ay By m_wr%g
ey oAy athioeo \ Tw\suTUa.&v 92 %\%ﬁ\i\é\ |
& _ (si0oc) O 1L b O oy e byensth 7 oo yowerory et Al e LA™ T

ay




e

¢.8.88 T

T,018 20YL-
Y D VY
(ocb)) rntf g yrFret g 0L
W9 45 Fopp 4 Y7 rp
bibr v‘w\”\\?gn\ﬂ.iﬁ
h..wna\w .?.\_.\w\.u»\.fd\

79 Kyl 59 {(Ef)rry

J
Fii - pmwayey .ab&m $TbI' )P

(svoc] b LU G

2% % <
—
20 2 57 2
If 7 Lt
O THINOTD

WILLYW Ay

Wi Yy (T

b Aprp 1y brbr Mooy
R




175,

e liebe temey

,.m.u.m,..w.e..... .vm&m)\
(0rb)) ‘o oy .5y Foe ypemimew Yol
o5.9¢ \hdo.... 2 f ALty of
¢ u@x...\.v i\d\qé._wn‘
sL s Sasnadt o o

AL oL z lrs ﬁttﬁ

Yoy coshidy  sthp

(7o) UL LY QT

‘SWINDTD

"SISEUYL)

YILLYW AYC

o2

ob
sWH

Bt s o L A

u\i\v voy>g7’ : f e
gy mlpiop HY bte ATy

%%&\i@v\m m ~f e@%ﬂ%%«i Te.__ NIFGIM FeTARS T




176.

TR il 78
FLOTS oy,
P T

(otb)) =n 9.-5¢ e Y YL
2zl T% ‘h@u + Y07 v

Ly.s#  yu4 reer rag

ob-Li v pehoy

7S B ooty

"080.0 oYM }w

11E R it ot T

ISR i ot izd&&
.%mm...m.w.J‘_\ _&.r.mu\w u«ﬁ,.waem I

(s710¢) U L o a

444
B
-l
-—
i
=S S R S ET L

0/

_mmwmcww.

oz 8

lh

3
b T

By

m
o
Wb

ersiy> i’ cqorey Vi&.éi&ﬁm&gﬁw33wmzz¢é BN I




Photograph No, 1. illustrating type of fenced plot
deseribed on page 333 herbage outside

plot was normaly grazing was mixed -
cattle and sheep.

Photograph Fo, 2. 1llustrating condition of herbage

within the treated plct as compared
with bleached condition beyond the
fence, The left hand half of the plot
was limed (WEDDERLIE centre) ses

pp. 109-111, The main fleld was grazed

by sheep only.

Photograph No. 3. illustrating reversion of pasture to
Agrostis~liolcus association (WEDDERLIE
and CAMVERLAWS centres). Compare with
condition of herbage within plot in
photograph Ko.2. 8ee pp. 109-111,

The fisld was grazed with sheep only.







