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SOIL FERTILITY STUDIES IN AYRSHIRE.

INTRODUGTION.

The importance of high fertility in soils for wartime cropping has become more
apﬁlmore appareﬁt during the last three years., It has been obvious during seasons
1940, 1941 and 1942 that the soils in which fertility had been accumulated under
pasture, properly manured and managed over many years, have been giving high crop
yields, while neglected land has been yielding poorly, even with moderate manurial
dressings., The fertile land has continued to yield heavy crops over these three
years with little in the way of manurial treatment. The Land Fertility Scheme intro-
duced under the Agriculture Act, 1537, was an endeavour by the Government to raise
the fertility of arable and grass lands by encouraging farmers to apply dressings
of lime and basic slag. Many farmers who had previously been advised that their
soils were suffering seriously from lime and phospha%e deficiencies took advantage
of this Scheme, promoted in the interests of national security to meet the exigencies
of war or other emergency. Others who, having recognised the serious needs of their
soils in these respects, had adopted the practice of applying basic slag to the
land under turnips, and lime to this land sown out with grass seeds in the following
year, were induced to undertake more amb;tious liming and slagging programmes.
Thousands of samples of soils taken in Ayrshire by the writer before the outbreak
of war, as well as by Mr. C. Louden and Dr, Whittles of the West of 3cotlamd Agri-

cultural College Chemistry Department during a soils survey in 1927 - 29, had demon-

a4
3ure

ted how deficient in lime and phosphate most of these soils were, The potato

srowing scoils were the only ones in which satisfactory phosphate figures were fouad,
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but their lime requirements were even greater than those whers the land was cropped
on a longer rotation system and less intensively manured, Most of the soils sampled
by the writer had pH values of around 5.0, and a number were even under 4,0, espec-
ially on potato-growing and moor-edge soils. On one such pétato soil, the 'good'
section of the field had a pH‘value of 4,29, while those spots in this section

where the potatoes had failed to meet in the rows showed a pH figure of 3.98, and
the 'poor' section of the fiel@&eturned 3.46: needless to say the potato yield on
this field was poor, Previous to 1937, it ﬁas very seldom that a pH value as high
as 6,0 was encountered even on repently-limed fields on those Ayrshire farms, which
were gonerally acknowledged to be very well managed,

It was also found that the 'available phosphate' figure could only be raised
in most Ayrshire soils by very heavy applications of phosphate, accompanied by
liming, thus apparently indicating the tendency for phosphate-fixation to occur
readily in Ayrshire soils. Serious deficiency of potash was not so widespread,
though very high figures were seldom found. Low potash figures occurred most readily
where increased production had resulted from applications of basic slag and lime,
and higher yields of clovers and other plants containing higher percentages of
potash, had drained away the potash reserves, For many years most of the manurial
mixtures supplied by merchants to Ayrshire farmers for arable crops and grass con-
tained only 3% potash (KZO), which was only a fraction of what the crops were remov-
ing., As, owing to the high rainfall on the higher~-lying farms of the County, the
soils appeared heavy and difficuli to work, the fertiliser manufacturers and manure-
mixing firms had wronzly assumed that these soils were clay soils with potash reserves
and that there was little need for potash applications. The chief need of neglected
was, therefore, apparently phosphate, and the chief need of potato-growing soils
2ad others under a short rotation seemed to be lime. These facts were impressed on

the farmers of Ayrshire by the writer, as Agricultural Organiser for the County,



and between 1330 and 173y uwany farwers had sei aboul remedyiu, the deficicucies of
their soils in the interests of production, even although little financial benefit
was apparent. This; combined with the use of large quantities of imported feeding
stuffs, had resulted in many dairy farms being in high condition at the outbreak

of war in Sgptember, 1939,

OBJECT OF STUDY.

In undertaking these studies, my object was to determine to what extent the
appiication of certain chemical manures influenced the fertility of soils in the
South-west of Scotland. It was obvious to the observant person that even on soils
of similar origin and texture, the fertility (capacity for producing crops and/or
pasture) varied greatly according to how these soils were treated with certain
chemical substauces used as manures in-the growing of crops and pasture., Tven
although maps have béen prepared by the Geoltgical Survey showing the distribution
of the various types of superficial deposits according to their origin, and soils
have also been classified according to their texture, production has been found not
to be closely related to type, but obviously was determined by the chemical sub-
stances added either for the nutrition of the plant or the improvement of the soil,
It had also been established by Stapledon (1) and others that the type of herbage
produced by a soil was an indicator of the fertility level, "To a very real extent
grassland is singularly independemt of tﬁe virginal character of the soil.... Good
magnagement and adequate masanuring can lead to‘the development of tolerably good zrass-

land on any soil which Great Britain has to offer..... Hanagement or mismanagement

has made our grasslands what they are." At the higher levels of fertility, ryegrass,
cocksfoot, timothy and white clover were dominant, while at the lower levels nardus
and agrostis predominated, holcus being intermediate, This conclusion was confirmed

ty tae fact that the former types of pasture ploughed produced heavy crops, while the

letter types of sward ploughed down gave poor crop yields, The main object of the



study was, therefore, to delermine how good grass, the chief crop in normal times
ontthe dairy farms of South-west Scotland, can be secured and maintained, and to
make observations on the crop yields preceding and following the establishment of

such grass,

S0ILS OF AYRSHIRE,

As pedology is only of recent development in this country, and so far no com-
prehensivé stud&‘of this kind has taken place in Ayrshire, our knowledge of Ayrshire
soils‘from that standpoint is limited. +Vhile on the hills and moors of the county
the soil profile may be more or less developed, on the soils at lower altitudes (and
of greater'agricultural value, generally) cultivation at shorter or longer intervals
interferes with the formation of the various soil profile horizons, While on inland
farms much of the land lies for a long time under grass, grass cannot be regarded as
anatural to the area, 2s so little of the soil lies directly on limestone (or chalk),
t0 which alone grass is deemed natural, In the middle ages, in common with other
parts of Britain, large parts of Ayrshire were covered with woods, scrub and heath, (2)
through which the cattle and pigs roamed (3). Under netural conditions many South-
west Scotland inland soils were subject to impeded drainage, and their use for agri-
cultural purposes only became possible under a system of artificial drainage. During
the eizhteenth century, before artificial drainage was introduced, the higher drier
lands on the hills were cultivated, as the lower lands were swamp and bog {4). liany
of our soils on the higher ground greuad under natural’conditions show podsoclic
characters with, in some cases, accumulations of masses of peat. Gley soils with
impeded drainage cue to an impervious stratum often within two feet of the surface
are cheracteristic of much of the lend which, owing to the development of artificicl
drainage, are normally under grass, but which originally were swamp, marsh or wet
woodland, and which under unfavourable conditions (wet sezsons, etc.) are still

liable to revert and grow rushes, In the permanently waterlogged zone at the bottom



of the profile tue iron compouuds reduced to the forrous conditiosn give jrey and
bluish-grey soil colours, Browu earths constitute some of the better cropping soils
of the county.

Soil properties are largely dependent on the properties of the constituents as
well as on external factors, such as climate, slope, drainage conditions, etc. The
largest soil particles, over 2 mm, in diameter, are mainly rock fragments, while
those between 2 mm. and .002 mm. in diameter are geunerally composed of rock-forming
minerals, the portion above ,02 mm.lbeing commonly termed sand, while thet between
.02 and .002 mm, is referred to as silt. The particleé under ,002 mm, constitute the
clay fraction, of different composition and with special properties, largely due to
the great development of specific surface, and its bearing on the retention of moisture
snd soluble plant nutrients and on the supply and movement of the soil air. In this
connection the development and maintenance of 'crumb-structure' is of prime importance,

The humus or orgenic matter content, largely derived under naturel conditions
from plant residues by the action of micro-organisms in the soil, has also a marked
effect on soil prdperties. The clay~humus sssociation =~ the colloidal complex -
reacting with bases, chiefly Rime, profoundly affects the charscter of the soil - its
moisture supply,.aeration, structure, etc. -~ sond its scidity, which is expressed as
its pH, the negative logarithm of the hydrogen ion concentration of its aguéous sus-
pension. As the exchangesble base content of a soil falls the lower the pl figﬁre
becomes. Since calcium accounts for approximately 307 of the reaction value of the
exchangeable bases in normal soils, a close relation subsists generally between the
pH and exchangeable czlcium in soils with the same typg of colloidal complex. The
applicaticr of calcium carbonate or calcium hydrate is accordingly the most common
end most satisfactory method of raising the base status and pH of & soil., Soils with
nigh base status in which the principal saturating cation is calcium are gererally
o5t satisfactory from ithe asricultural standpoint, maintaining a granular structure

with zcod zeration and free percolation of water, and avoiding differentiation into



horizons and losses of humus by leaching. Soils containing much clay must be kept
well supplied with humus and lime, if the range in moisture content between the plastic
wet condition and the dry cohesive comdition is not to be 'too narrow, It is only
within $his range that clay soils can be satisfactorily cultivated, Sxcessive moisture
. is often present in such soils and interferes with the air supply therein and their
working, which if performed under wet couditions expels the soil air and puddles the
clay. Excess of moisture may be removed by underground tile dreinage, much of the
excess of soil water due to heavy rains moving along the surface of the undisturbed
layer to sink through the disturbed layer overlying the drain tiles.

Plaent growth is dependent on light, presence of carbon dioxide, & suitable
temperature, a supply of moisture and oxygen, presence of the necessary plant nutri-
ents, absence of injurious substences, a suitable soil reaction and base status (with-
out excessive concentration of hydrogeu-ions in the soil moisture) end a satisfactory
roothold, The optimum temperature, weter supply, plant nutrient concentration and
soil resction are different for different species of plants.

The lithological character of the parent meterial affects the soil composition
and character, and the properties and vegetation of the resulting natural soils,

Their conversion to agricultural purposes is dependent on how far their deficiencies
for crop or pasture production cen be eliminated by various measures, including the
provision of artificial drainage, replacement of bases lost to the surface soil
throuzh leaching, and maintﬁﬁance of soil structure, humus content and soil condition,

Though Ayrshire soils generally have not arisen directly from the underlying
rocks, but have been greatly affected by glacial drift, raised %eachés, alluvium and
blown sand, the influence of the underlying geological formetioms and their litholog-
ical character is more marked in certain parts of the county.

A study of the geology of Ayrshire shows that the older sedimentary rocks occur

in Sarrick in the south of the County, south-east of the Southern Uplands Fault, and

belong to the Crdovician and Silurian systems, North-west thereof and forming the



northern part of Carrick lies the Old Red Ssndstone, The Carboniferous series occup-
jes most of the Kyle division, apart from an Old Red Sandstone area between Muirkirk
and Galston, and the area between Mauchline, Tarbolton, Trabboch and Ochiltree occu-
pied by Red Sandstone ofbthe Permian System, The Carboniferous series also occuples
most of the Cunningham division, apart from the Igneous rocks in the North-west par-
ishes and along the County boumdary between Lugton and Darvel. Igneous intrusions
also occur elsewhere throughout the County.

Geology; with consideration to lithological veriations, topography and climate
are all of importarce in classification of soils, the relative importance of each
varying with the codhtry. Climate has been emphasised in Aussia, but geolopy is of
greatest importance in Britein (5). The sedimentary rocks of the Ordovician and
3ilurian systems give rise to brown earths in lowland areas: under high rainfall and
drainage impedance, gley soil areas result, On uplands shallow truncated podsols,
peat podsols, meadow soils and mountain peats:are produced., The 0ld Red Sandstone
and the New Red Sandstone series normally give rise to brown earths, from which have
come the best agricultural soils in the county. The soils derived from the Carboni-
ferous sedimentary rocks are generally heavier in texture and suffer from drainage
impedance. The soils on the Carboniferous Limestone in Ayr;hire have generally
suffered calcium losses from the surface layers by leaching, As e rule, the soils
overlying the Carboniferous series are heavier in texture than those overlying the
other formations, and consequently the soils of Carrick are lighter in texture than
those of Kyle end Cunningham,

Large areas of peat are found on the moors lying at the higher altitudes and
towards the County boundaries; over much of Carrick they overlie granite.

In the

Horth peat generally overlies clay. Only smell areas of such soils are well drained

and under cultivation, Along certain parts of the coast, chiefly between Ayr and

ararossan, the soils consist of coarse sand with poor retentive powers, and are of

l-* o 3 . * 1 . . . .
ittle zgricultural value; elsewhere the constituent meterial of the sends is finor-



grained, and the soils are valuable for potato-growing, There is a soil range through
light and heavy loams up to soils which, with an annual average rainfall of 45", may be
termed clpys, though not so intrectable as the real clays of the South-eastern Coun-
ties of Ingland, but which must be intelligently worked under dry conditionms.

The soils of greatest agricultural value in Ayrshire, in common with other paris

.

of Britain, have been largely affected by human interference. Owing to the heavy rain-
fall leaching of the surface layers continually takes place. Production of grass and
arable crops can theréfore only be meintained by replacing the bases eluviated from
the surface. If the rate of replacement is too slow, arable crop and grass yields
fall greatly, and grassland under extreme conditions may revert to rough grazing or
even to heath, Soil fertility cam be increased through providing artificisl drainage,
replecing bases leached out, and supplying the nutriemts necessary for plant greeth,
The humus and nitrogen coutent of the soil can be improved by leaving land down in
pasture for a period, whereby leaching of beses is also much reduced. The applic-
ation of fermyard manure keeps up the humus content of soils while under crop and
meintains soil structure, thus contributing to stability end thereby opposing the
naturel tendency of reversion to heath, forest and swamp.‘

. ‘Sufficient attention has not been given to fhis gquestion by farmers, who have
uféiied to appreciate the need for replacing losses through leaching by.getting land
down to grass, which will check further losses of bases and increase the humus and
nitrogen content of the soil, the 1ossvof bases and nubrients previously suffered
being made good by the necessary suitable dressings. Neglect of such precautions,
due to the lack of knowledze on the part of those managing the land, has resulted
in consequeut poor establishment znd rapid deterioration of grasslands'after sowing
out on completion of tihe cropping period of such soils,

The fact that much lend in Ayrshire {and other parts of West Scotland) was
apparently producing less than its meximum both under pasture and arable crops was

continually impressed on me as Agricultural Organiser for Ayrshire., After giving



full consideration to the matter, I concluded that on most South-west Scotland soils
it should be possible to meke arable cropping of the soil a preparation for good past-
ure and to establish and manage good pasture so that it would benefit arable crops
grown later.

Though the soils varied in their origin and composition, so long as they suffered
from drainage difficulties on account of various causes, including often the presence
of an impervious layer within two feet of the surface and overlain by a soil with a
low proportion of coarser particles, and a rainfall which generally exceeded (often
considerably) 40 inches per annum, it was impossible by practicable methods, including
tile drainage, to deiote them continuously to arable crops. On the other hand, more
freely draining soils of coarser texture can, under the humid western climatic con-

ditions, be kept under continuous cultivation, so long as the humus content is mein-
tained under skilful management, The soil texture of the first two feet and the rain-
fall and altitude have accordingly determined to a large extent whether a soil could
be kept regularly under arable crops or if it should be chiefly devoted to grass. The
following is a description of the soils in the various parts of Ayrshire from that

standpoint,

In Ba;}gntrae parish and the western part of Colmonell the arable land consists

;imosf ﬁ£§ii§ of sandy soils and light loams, while in the eastern part of Colmonell
parish more mixed soils with peat and occasjonally clay prevail. Barr, the largest
parish, and almoét 94 rough grazings, also contains mostly lighter soils, with high
organic metter and defective drainage. Girvan arable soils range from sands at sea-
level to loams at 600 feet, the latter being naturally poor., The Dailly soils range
from very light loams in the Girvan valley to heavy loams further inland on a few

higher-lying farms adjcining the South Ayrshire Collieries, Xirkoswald parish shows

e wide range of soils from blown sand near Turuberry to heavy loams on its south-

eastern fringe. MNaybole parish in its north-western corner has high ground comprising
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both freely draining soils =2nd veat overlyin~ irneous rocks, The lower lands ranze
from fery light loams on the shore to heavier loams further inland, The Kirkmichael
soils are similar, while the Straiton soils, still further inland, show lizht loams
in the Girven valley and on the lower slopes, and peat overlying rranite on the
higher hill land and moors, which occupy & large proportion of the parish,

On the north bank of the Doon, the soils are heavier, light loams being absent
even in the valleys in Dalmellingiton parish, where the coal measures underlie most of
the local soils. The soils of Dalrymple and Coylton and of the south-eastern portion
of'Ayr parish are also heévier loam types, apart from small areas of stonier land on
the higher ground, chiefly near the Craigs of Kyle, Adjoining the town of Ayr, north-
east thereof, and occupying the greater part of Monkton parish, are alluvial soils
comprising heavy sands end loams. The soils of Stair parish range from free-draining
loems near the river Ayr to heavy, poorly drained loams towards Ochiltree., Ochiltree
and Cumnock soils are mostly heavier loams, except near the Lugar water, where light
loams occur. Ir New Jumnock and Muirkirk parishes the soils are generally lighter
than in Cumnock, with some peat on the higher ground. The Auchinleck and Sorn soils
are mostly heavy loams, badly drained on many farms., The Mauchline and Tarbolton
so0ils are mostly lighter loams, except where they border Sorn, Auchirnleck and Craigie
parishes, where they are heavier. Craigie, Symington, and the aedjoining parts of
Lionkton, Dundonald and Riccarton consist of heavier loams., The greater part of Dun-
donald, Irvine and Stevenston parishes consists of sandy soils, with light loams on
their eastern borders =zad extending eastwards up the Irvine valley through Dreghorn,

Kilmaurs and Riccarton parishes, The Kilmernock and Feawick soils are mostly heavy

loéms, while the Loudoun and Galston soils, especially on the cast side, are lighier
loams and heavy’sands, due to the effect of the Darvel raised beach, The Stewarton

soils are heavy loams, while most of the Dunlop soils, due to igneous intrusiions, are
lizhter in nature.

Between Beith and Kilwinning lie the heaviest soils in the county

with a2 very stiff clazy subsoil end interspersed in places with peat, which extenda



into Stewarton parish. Heavy loams are typical of the north-eastern portion of Ardros-
san parish, and the north-western portion of Kilwinning parish, Westwards and north-
wards from Dalry the loams become lighter, due largely to the effect of the 0ld Red
Sandstone formation and the igneous rocks which occur in the north-west corner of the
Sounty, including Largs, Kilbirnie, est Kilbride and parts of Ardrossan and Dalry

parishes.

CLIMATE,

‘The climafe and rainfall are favourable to the growih of arable crops on the
lighter soils end militate against the cropping of the heavier soils, especially in
a wetter-than-normal season, They also assist the establishment and maintenance of
pastures even on the lighter soils, as even the drier districts have an annual average
reinfall of alwost 40 iunches.

The average amnual rainfall varies from 35 inches on the coast between Ayr and
Irvine to over 80 inches on the heights onm the Kirkcudbrightshire border, the cropping
area being mostly included between the 35 and 45 inch isbhyets. An annual rainfall
of over 50 inches is experienced on the cropping areas on the upper reaches of the
Girven and Stinchar valleys, as well as in parts of Kilbirnie and Beith parishes, due
to the proximity of the hills to the arable land of the narrow valleys, Even in the
driest three-month period, April to June, 6 inches of rain can be expected near the
coast, and more further inlend, and accordingly neither arable crops mor grass are

likely to be seriously affected by drought. The mean temperature near sea-level for

~ . I . ~0 - .
the Sounty varies between 39°F in January aand 58°F in July, with an average of 48°F,

for the year: at the 750 foot contour above which there is little cropping the mean

temperature is approximately two degrees lower throughout the year. Gemerally speak-

ing, the climate of Ayrshire is mild and moist, favourable to the growth of grass,

zud meking the seedinz and hervesting of arable crops difflcult on the heavier loams,

-

especially in the higher-lyinz districts,
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SUILS  A°D  AGRITULURE,

Ia Ayrshire as a whole, i the coarse sands with poor reteztive powers and form-
ing a belt of varyinzg widith along certain parts of the coast, especially in Nofth Ayr-
shire, oud comtributing to tie goli courses and sand dunes,ore excluded, the most volu-
able cropping soils are in the lizhiter texture pgroups. The neuvy sands aad lisat loows
at o low elevation are the most productive solls and,y whe. well farmed, commonly sive
yields of 15 toms potatoes or 2 tons oéts (grain) per acre. The high fertility of
such s0ils often results in yields of 2 tons wheat {grain) per acre, though wheat iz
normally regarded as a heavy land crop. ‘The normzl yields of all crops fall with a
rise in elevation, even when the soil charascter remains unchanged. In the most upland
parishes potato yields may not exceed 5 tous per acre, and oat grain yields may only
slizntly exceed 10 cwts per acre. This fall in yield is accentuated with the heavier-
textured soils, and is appareatly due to the lower temperatures, higher rainfsll and
wetter soil conditions prevailing et the greater altitudes. Arable farming ceases at
a much lower altitude on the heavy soils in a wetter climate than on the free draining
soils where the precipitation is less., There is very little cultivation beyond the
400 foot contour on the Beith-Kilwinning heavy soils of the Carboniferous series while
cultivation is continued on the lighter MNew Jumnock and Irvine valley (raiscd beaches)
soils up to almost 1000 feet. Conversely, the ﬁeavy soils lying only a short distance

inland and at a low elevation in Kirkoswald parishes, and with a lower rainfall than

prevails further inland, are more easily worked and give higher crop yields than similar

-

more inland soils, subject to grezter precipitation.
In field examination of soils it naturally takes less time to classify soils
according to their behaviour under cultivation, and chiefly resulting from textural

a i - . . s
nd structural differences, than according to the counstituent materials, which czn

only det i R . . . . ’ . s
1y be determined by microscopic examination and chemical analysis in the laboratory.

T+ 3 ,
+1u 18 r + 1 Y PR X - .
brobable that the chemical composition of the comnstituent particles may have a

considerable i: 47 s . o .
§ rable influence o2 the agricultural behaviour of soils and a report (6) sub-
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lished on such =z study of South Ayrshire soils, shows that the Highland and Southern
Upland Glecial Drifts have deposited soil particles of differing specific gravities
and chemical comstitution in the fine sand portion of various soils. The meeting
point of these Drifts appears to be along a line extending from Girvan to Maybole,
thence approximately two miles sou?h of Dalrymple and similarly south of Cumnock to
the Dumfriesshire border. It is reported that the‘ferromagnesian group percentage

in the fine sand of the Northern Drift is 4.6 as against 2.1 in the Southern Drift,
The apparent relationship of the incidence of raan, the result of boron deficiency

in swedes, to the deposition of these Drifis has been discussed by Dennis and O0'Brien
(7). As already mentioned, factors also influencing greatly the behaviour of the soil
are the depth of the cultivated area and the nature of the underlying layers as well
as drainage conditions, both natural and man-provided, Iun the case of sandy and alluv-
ial soils, differeunces in texture between soil and subsoil are slight, while in the
case of heavier types such differences are often considerable, as shown by the follow-
ing typical mechanical analyses figures obtained by the older method standardised (in

1926) by the Agricultural Education Association and juoted by Berry and others in the

'Soils and Agriculture' section of the Geology of North Ayrshire (8):-’
Ref. No,

Ty 356 350 76 55 317 325
ye Light Send; Heavy Sand; Light Loam; Medium Loam; Heavy Loam; ° Clay.
Coarse sand §011 Subsl. 30il Subsl., Soil Subsl. 350il Subsl, Soil Subsl, So0il 3ubsl.
Fine qotS 09.76 85,00 42,70 41,70 23.35 23.97 17.9% 19.63 9.43 5.34 4,16 3.33
silt 7.86 11,71 18.40 18,18 19,30 19.50 18.70 15.80 20.56 13,90 13,16 B8.08
Pine silt 19 .12 11,10 11,77 10,65 11.85 11,38 11.83 11,23 10.74 14,83 6,64
ey .17 .16 10,88 10.60 12,83 13,18 13,55 15.13 19.80 15,57 21.57 21,03
Moisture .08 .07 1,19 1,22 15.83 16.50 20,70 22.50 21,60 41,80 25,30 50,50
Ignition 1 45 W34 3,62 1,47 5,28 4,72  5.25 5,12 4,40 4,60 5.65 4,69
088 1.61 1.13 9,97 10.26 9,81 7.42 11.07 8,97 14.97 9.12 14,27 10,46

In the above table

only nos. 317 and 325 show considerable difference between

soi ol 27 - - . .
oil and subsoil; thst such differences are occasionally less for heavy loams is shown

by the figures which follow, most of which are from the same locality as nos.' 317 and

325,



Ref. No. . 314 320 323 211
5011 Subsoil; 30il 3Subsoil; Soil Subsoil; So0il Subsoil.

Joarse Sand 11.93 9,03 3.42  3.36 6.53 6.31 7.27  5.34
Fine 3and 13.65 11,25 20,12 19,76 13.83 14,13 11.35 10.80
5ilt 8,63 8.15 11,88 11,55 10,45 10,55 12.25 16,40
Fine Silt 19.49 21.05 23.70 19.50 23.35 22,08 19,95 23.60
Clay 26,94 39.35 20,00 31,40 29,03 34.35 25,30 24,05
Moisture 5.04 4,76 4,13 3.98 5.33  4.92 8.94 9.18

Loss on Ignition 16.97 10.97 10,84 8,82 15,02 11,20 11.97 10,15

In the cese of no, 211 the differences in texture between soil and subsoil are
small, and in the case of no. 320 the effect of additional clay in the subsoil is
offset by additional coarse sand therein also,

Mot only is the tractability of the soil to cultivation affected by the immediate
subsoil, but it is aféo largely dependent upon the nature of the deeper layers and the
facilities for drainage especially in the wetter districts. There are soils in the
Beith and Symington districts which in the top 6" would be classified on account of
the constituent particles as medium loams, but which, due to the shallow depth at
which impermeable clay occurs énd their drainage difficulties, behave like very heavy
loams when under cultivation., On the other hand, the deep alluvial soils with little
change in character to depths of three feet. or more, behave like lighter soils than
the top 9" would suggest. Where soils are shallow, the tendency is for them to remain
under Pasture,’ploughing being only resorted to when there appears né other sztisfact-

ory method of improvement. This is especially the case at high altitudes and in

wetter regionms,

FARMING PRACTICE,

On the cropping parts of the coastal area early potatoes are grown, often con-
tinuously on the same land, with liberal applications (around 15 cwts. per acre) of
mized artificial manures in addition to dung or sea-weed dressings, The ;ery light
1°W‘1Ying sands between Troon and Stevenston, liable to late frosts, are not suitable
for early potatoes, The light loams in the Monkton - 5t. Luivox, Irvine valley and

a3 . . . X
Jirvan valley areas are most suited for continuous cropping and only lie a short time



in grass. A high proportion of potatoes is included, this crop being generally grown
more than once per rotation, and good crops of oats and occasionally wheat are grown,

A typical rotation is podatoes (after pasture or hay), wheat or oats, potatoes and
foots, oats? hay or pasture; a dressing of dung is gemerally applied to the second
potato cro?. Around 12 cwis. artificial manures per acre are applied to the potatoes
and roots, and 3 - 4 cwits. to grain crops and hay, a 20 -~ 30 cwits, per acre lime dress~
ing being often now applied along with the grass and clover seeds. Typical manurial
mixtures contain in normal times approkimately 1 part sulphate of ammonia, 2 parts
superphosphate, and 1 part potash salts. In the Jarrick division as well as in Tar-
bolfon, Mauchline, Largs and West Kilbride parishes, practically all the cultivated
land is under a root or cleaning crop at least once per rotation, The typical rotation
is roots, wheat or eats, hay, pasture for several years, oats., Manurial mixtures are
similar to those already roferred to, though the need for nitrogen after pasture is
less, The hay crop is sometimes used for the production of ryegrass seed; especially
at the lower elevations., In many of the inland parishes only small areas are put under
turnips or kale as a cleaning crop, the remainder of the land being sown back to grass
wiﬁhout the interposition of a clesning crop. Though a crop of ryegrass seed is some-
times‘taken, crops in these districts are seldom grown for sale, but are limited to

the area necessary to maintain a dairy herd. The proportion of land under arable crops
in 1939 on such farms did not as a rule exceed 12% of the arable area, the land selected
for ploughing having reached the stage at which ploughing appeared advisable for the
purpose of renewing the grassland, Milk production on many such farms was only main-
teined at a high level through the purchase in normal times of large quantities of
cheap imported feeding stuffs, which were less costly than oats or other feeding crops
Produced on the farm, Zven although in North Ayrshire upland dairy farm rents wers
high*in relation to the natural value of the land, many farmers were speading on pur-

e
cne

sed feeding stuffs for dairy cattle, sheep, pigs and poultry during the decade

reczcing 1339 an anuual sum ejual to several times their farm rentals, There were

e
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meny farmers whose daily milk production during the winter moﬁths was equal in zallous
to0 the number of acres on the farm, Such high milk output could not have been achieved
with the crop and pasture production of the farm alons, The residual values of pur-
chased feeding stuffs were accordingly contributing to the fertility of many farms,

the benefit being greatest where liming of the land had also been adopted as a routine

procedure,

SOILS ON WHISH SPECIAL TINVESTIGATIONS WERE TONDUCTED.

My studies have been chiefly conducted on soils which constitute the farm lands
of Ayrshiré. Here, as elsewhefe in Britain (9), typicol agricultural soils show dis-
turbed profiles. Though strongly developed profiles are uncommon, the increass in
clay content in passing from éoil t0 subsoil is observed in most inland soils, which
have not beea derived from alluvium or raised beaches. All soils apart from those
included under rough grazing, scrub, etc. are ploughed at shorter or longer intervals

and occasionally receive monurial treatment while under pzsture, with the result that
the various natural soil horizons are not afforded an opportunity to develop. Nearer

the coast the more freely draining soils, generally raised beaches or alluvium, which

are almost continuously under arablé crops with intensive manuring, end are well aer-

ated to gonsiderable depths, cannot develop horizoms owing to the conseguent mixing

of surfece and lower layers by deep cultivation.

The coarsest textured soil for which reports on experimental and investigetional
work are included later herein was at Hunterston, West Kilbride, which is typical of
the lighiest soils, derived from raised beaches, that can be maiﬁtained continuously
under arable crops. Mechanical analysis of such a soil shows generally less than 157
clay and silt and under 15% fine sand, the remainder being coarse send and larger
material, The good cropping land, represented by the Morrisiton soil, shows around
20; clay and silt, 25} fine sand, and the balance as coarse sand. Differences in

©-€S€ groups between soil and subsoil are slight, Burn, Hill of Barmweil, Glenside,



Carbello, Knoweside and Genoch soils on mechsnical analysis fractionate approximately
as follows: 30, clay and silt, 40,. fine sand and 30% coarse sand, Differences be-
tween soil and subsoil are more epparent, The remainiung soils on which investigational
work is later reported, Hunterston (Stair), Holehouse, Carston, Jairnston, Bardarroch,
and Brackenhill show a higher proportion of the finer constituents, viz, approximately
40ﬁ clay and silt, 40 fine ssnd and under 20°: coarse sand. The soils on these farms
are typical of those of the majofity of Ayrshire deiry farms,

The Brackenhill profile, which in common with others referred to is periodically
disturbed by cultivation, shows a chocolate-coloured layer to a depth of 9", a more
cohesive reddish-coloured 6" layer, followed by a bluish-;rey cohesive 6" layer, under=-
lain by at least 24" of a reddish-brown cohesive layer with various blue, green and
red markings, The original tile drains have been mostly laid at a depth of 3% feet,
Though tile-drained such a soil tends to be wet in a wet climate, as the movement of
water through such a soil is slow. During continued wet weather the various soil
layers in turn approach saturation point. The surface layers first become saturated,
and the excess water gradually sinks to the lower layers, a éonsiderable period elap-
sing before the deeper layers are as wet as the surface. When drier conditions return
in the spring, the surface first dries, often becoming very hard before the deeper
layers are sufficiently dry for cultivafion. It is very difficult therefore to estab-
lish and maintein good physical condition on such soils for the seeding and growth of
arable crops, especially in a humid western climate, and in normal times arable crop-

ping of such soils tends to be restricted to the minimum,

PHOSPHATE-FIXATION AND AVAILABiLITY.
I% Hé5 been found through numerous analyses of Ayrshire soils that the phosphate
figure refurned as 'available' to crops is generally low., The only soils on which
2izh P205 fizures are normally obtained are soils subjected to cbntinued heaty manur-

18g 25 on early potato soils. On these latter soils no response is obtained with
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phosphatic manure as compared with no phosphatef On *he other hand, there have been
meny experimdnts and experiences on Ayrshire farms where little or uo response to
phosphate has béen obtaired on soils réturning low 'available’ PQOS figures under the
standard methods of analysis, Aﬁplications of even 2 cwts. per scre 9205 in the form
of high soluble slag have failed to produce any result on the crop or pasture, and a
soil analysis made, say, a vesr afterwards shows littls or no change in the 'available'
P205 fizure. It would avpear that this supnly of phosphate, though vnot extracted frem
the soil by the routize analytical methods adopted, is availalls to meet, under normal
conditions, the requirements of the pasture plaﬂts or the arable crops bsing ~rown, Tn
determine the relative values and availabilities of basic slags and other phospiiatic
manures, many experiments have been conducted in Ayrshife on soils with low 'available'
P2Q5 figures. On some of these remarkable responses to phosphate have been secured,
the swede crop proving almost a complete failure on the plots to which no phosphate

was applied (10)., Yet, in the following year, without any phosphate application, an
cat crop has been grown on the 'no phosphate' plot practically egual in yield to thet
on the plots liberally dressed with phosphete. It would appear, therefore, “that soil
Phosphate not available the previous year for the swede crop on the 'no phosphate’

plot had becomé available for the oat crop. It may be that there is a supoly of phos-
phete in many s0ils loosely fixed and more available to certain crops than others, and
shat this supply is due to previously applied phosphate, which has gone into somé form

of combination with certain soil constituents. In the soils with low ‘available’ P20~
2

igur

iy

88, where no response to phosphate on the swede crop wes obtained, the 'no phos-

atat . s .
paate’ plots giving normal yields, 2 loosely combined phosprate supply, which can be

utilised by the swede crop, though not detectable by routine analysis, must necessar-

ily be present,
The difficulty of recovering in the crop phosphate applied, even on definitely

phosphate-deficie: 3 s - e . .
srete-deficient soils, is shown by the fact that even when limited dressings of

2
Llzn e . P . Y
gn solutle basic sleg were applied to the swede crop, the percentsse recovery was
. & ;

B



not appreciably higher than where liberal dressings of the séme slag were given, and
seldom exceeded 20%. ThelP205 recovery figure for low soluble slag seldom exceeded

107 on these same Ayrshire soils, These low recovery figures are common elsewhere in
Britain, and are quoted in the reports of the Permanent Committee on Basic Slag (11),
Hanley has also reported (12) on the low recovery figures at Cockle Park, Horthumber-
land, and refers to the fact that heavy initial phosphate dressings appear necessary

to produce results on grasslend and that, in later years, periodic dressings are necess-
ary to maintain the improvement though only 3% of the P205 applied has been recovered

in fhe herbage, and the remainder is present in the surface soil layers.

A study of the 'available' P205 fipures returned for certain Ayrshire soils
where the previous treatmeut was kunown in’addition to the pH value shows t@at the P205
figure tends to be higher where the pH approaches the neutrality figure of 7,0. This
would suggest that phosphate fixation takes place most readily in acid soils, In
addition to apparently reducing phosphate fixation, lime applicaetions probably bring
infd the 'availsble' conditioﬁ, as detecteﬁ by routine analyticel methods, P205 nre-
viously ;pplied. This action of lime seems to have been expressed in the o0ld couplet:

'Lime snd lime without manure
Makes both farm and farmer poor'.

RESULTS OF PREVIOUS INVESTIGATIOES.

Over forty years égo the importance of phosphate in the form of slag for the
improvemert of old grassland had been demonstrated by the Cockle Park experiments in
Northumberland (13). Stapledon also in his work "The Land MNow and Tomorrow" continu-
elly stresses the importance of phosphate and lime in raising the soil to a higher
fertility level, He also found under Welsh conditions that a "sensible” seeds mixture
had 2 decided adventage over a haphazard mixture (14). The best seeds mixture was
that consisting of special grazing strains bred at Aberystwyth. H,I, loore found in
Torkshire (15) that phosphste and lime were importast, but that a commercial seeds

zixture was as efficient as a special pedigree mixture of graziung strains, John Orr's
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results (16) in North-west Eangland had demonstrated that pldughing down useless pesture
and reseeding, supported by liberal phosphate and lime dreésings, increased fertility
several fold, and cave high returns for the financial outlays incurred, Thse Jealétt's
Hill demonstration plots, laid off and managed by Martin Jones (17), had shown that
pasture type was influenced not only by chemical treatment, but also markedly by graz-
ing menagement. ilearer home - the wiiter's experimeuts 1924 - 26 at Hunterston, .Jest
Kilbride (18) had demonstrated the importance of lime on soils with a very low pl

value (under 4,0) for successful crops of all kinds, including potatoes =~ a crop which

. thrives best in a somewhat acid soil = but more especially for pasture, Pasture also

beﬁefitted from lime applications at Morriston, Maybole, where the pH value was under
5.0: under\such conditions lime ounly slightly increased potato yields. Experiences

on other demonstration areas and farms in higher;lying'districts hed suggested that
applications of both phosphate and lime were re-uired in order to secure and maintain
good pasture., Good pastures seemed to prevail only on the few farms limed and well-
phosphated: good areas in a field contrasting stromgly with the remainder had generally
been limed and/or dressed with basic sleg. The scarcity of first-class pastures in a
part-of Ayrshiré and the rapid deterioration of newly sown-out grassland is commented
on by Sir R, George Stapledon (19), who had an examination made of 3,340 acres of .
Jentral Ayrshire dairy psstures with the following results:- 47 was in Molinia pasture,
512 wes Agrostis (without ryegrass), 167 agrostis-doﬁinaht with ryegrass, and 37 rye-
grass pasture; 67 contained considerable quantities of rushes, Yet 127 of the land

was in arable crops and 6% iﬁ new seeds. -He suggesis this rapid deterioration as due
to the non-use of grazing strains of ryegrass snd the taking of heavy hay crops in

the early years of the leys. Iy observatiouns had suggested the phosphat; and lime
status as important factors. Under depressed conditions many fafmers vere unwilling

©o incur additionsl expenditure for phosphate and 1imé, and I had advised the use of
'basic' uenures during the rotation. These comprising sleg or mineral phosphzte,

calcium cyanazide or nitrockalk, plus potash sz2lts bought separately cost less than
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the merchants' mixed manure.v These preliminary experiences referred to had suggested
soil condition as the most important fector in securiﬁg good pasture. Seed mixture
effects seemed to diminish with the age of the pasture, while liming and menurial
effects became more evident. A.B, Stewart, Macaulay Research Institute, hed found (20)
that certain North of Scotland soils responded well to various forms of phosphate and
lime for the various crops of the rotation, the lime effect on yield being specially
narked, Thekeffect of the different treatments on the percentages of phosphate, lime
andApotash in the crops was relatively slight, however, Experiments on the character
of the sward of the effectis of a complete manure containing lime, phosphate, potash
and nitrogen, and of mixtures from which one counstituent had becn omitted, as well as
from a control receiving no manure, were reported to the International Grassland Con-
gress at Aberyétwyth in 1937 by Heddle and Ogg(21)., The effects of lime in checking
agrostis was specially noted. The results of manuring on the botanical composition
of continuous hay crops over a period of years was also reported at the same confer-
ence by Dr, Brenchley (22), Nisbet has also reported on the effects of lime on the
establishment of perennial ryegrasses (23), and its influence on the composition of

permanent pasture swards(24).

HUNTERSTGN DEMONSTRATION AREA RESULTS.

On farms in the South-west of Scotland, where mixed manures containing a high
proportior of sulphate of ammonia had been liberally used over many years for potatoes
and otner crops, and no lime applied, the pH value had fallen while, generally speaking,
the available phosphate figure had risen considerably. Under such conditions soils,
whose productivity had fallen especially in regard to root crops and grass, have had
their production increased by the application of lime alone. On such farms grass seed
mixtures have béen observed to do badly when the pH value falls to under 5,0, while
crop yields only fall to a slight extent. As the pH value drops further towards 4,0,

all crops, even potatoes, suffer seriously in vield.
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A very acute case of lime deficiency was encountereg at Hunterston, West Kil-~
bride, where a Demonstration Area of 7% acres was maintained from 1923 to 1926. The
pH value of the soll was 4,0, and no definite results were being obtained féﬁ manures,
unmanured plots in 1923 eqgualling in yield those to which liberal manurial dressings
had been applied. The cropping results have been given by the writer in a College
bulletin (18), published in 1930. Lime was applied to five-eighths of the area in
1924 and to a further quérter in 1925, Liming (1 ton Cal per acre) in 1924 increased
the yield of maincrop potatoes from 5.55 tons to 12,95 tons per acre; swedes were in-
 creased from 6.25 to 23 tons; and in 1925 the oat yield was raised from 9.5 to 14,25
cwts., grain per acre. In 1926 the hay yield on the unlimed areas averaged 16 cwis.
per acre, and on the limed land 40.25 cwts. After the hay érop had been cut in 1926,
the pH velues were determined and found to average as follows:-

Unlimed. 1 ton CaO. 13 tons Cal.
3.86 4.59 5.43

A portion of the area hitherto unlimed was then limed, and a gradual improvement
Yook place on this newly-limed section. The land lay under pasture till the end of
1932, when a number of botanical analyses were made with the following results on the
various sections:- |

Stons Ca0 1lton Ca0 1liton CaO Unlimed. Mixture A Mixture B Mixture C

on roots; on roots; afiter hay; lton Cal; 1lton Ca0l; 1lton Ca0.
Lolium pereune 21 15 3 3 ‘ 20 22 18
Dactylis zlomerata 4 3 15 2 6 - 1
Phleum pratense 1 "1 - - 1 - -
Festuce duriuscula 10 9 9 2 10 12 13
Cynosurus cristatus 21 19 16 7 22 23 25
Poa pratensis 12 11 11 4 12 12. 9
Holcus lanatus 5 6 15 21 5 5 7
Agrostis spp, 5 6 10 58 2 4 5
Trifolium repens 19 22 10 1 20 19 20
Musci 1 3 4 - 2 "3 2
Juncus effusus - - 2 2 - - -
Ranunculus spp. 1 - - - - -
viz,

Useful plants 83 85 69 19 91 - 88 86
Inferior " 12 15 31 31 9 12 14

It is clear that the seed mixture effect is negligible in comparison with the

A )
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previous soil treatment. Particulars of the standard seed mixture used and of the

other mixtures referred to are as folloﬁs (in 1bs. per acre):-

Standard; A B c -

Lolium perenne 14 3 26 6
Lolium italicum 6 4 10 18
Dactylis glomerata 8 8 3 6
Phleum pratense 2 3 1 2
Festuca elatior 3 4 1% 3
Avena elatior - 5 2 -
Cynosurus cristatus + + + +
Poa pratensis & + 4 L
Festuca duriuscula -% % ‘ % '%
Trifolium pratense 3 3 3 2

" hybridum 1. 1 1 1

" repens 1 1 1 1

On this land a potato crop was grown in 1933, followed by‘aﬁ oat crop in 1934
and potato crops in 1935, 1936 and 1937. On the unlimed strip each year the crop was
much poorer than on the remainder of the land. Similar effects on crops of lime ap-
plied as much as 20 years earlier has been reported by Hanley (25). Oats were agein
grown at Hunterston in 1938 and grass seeds sown., The influence of the lime applied
14 years earlier was evident on fhe young seeds; the sward was much greener and had
a higher clover content, In 1939 this lime effect on the hay was marked and certain
obéervations and determinations were made on the hay aftermath in October, 1939, The
results were as follows {lime treatment per acre in previous rotation indicated):-

Botanical Analyses. ‘
12 tons Ca0 1 ton Ca0 1 ton Ca0 1 ton Ca0 Unlimed.

roots roots seeds after hay

Lolium perenne 38 25 - 36 . 38 10
Dactylis glomerata 30 32 35 32 1T
Trifolium pratense 21 6 8 15 1

" hybridum 6 3 3 3 -

" repens 4 1 2 3 -
Holcus damatus 1 8 4 - 3
Agrostis SPPe. - 17 7 6 A4l
Rumex acetosa - 8 5 3 23
Herbage Analyses (% in dry .matter).
Hitrogen 2,24 1.52 1.82 2.03 1.51
P05 910 1.07 1,07 1.07 1.11
Za0 - l.04 .756 1.05 1,10 445
Soil figures: ol 4,50 4.37 4,44 4,31 - 3.91

P20 41.4 34.5 31.3 42.3 33.3
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The zreatest residual value appears to be on the 12 tons Cal plot; 1 ton Cal
after hay has produced a similar effect on the botanical and herbage analyses; the
1 ton Cal seeds is exerting more effect than the 1 ton Cal roots, The nitrogen and
P205 content of the herbage on the unlimed plot is similar to that of the 1 ton Cal
roots plot, but the Cal content is much lower, even although the CaO content of the
1 ton Cal roots plot is much lower than in the other limed plots, The herbage on the
unlimed plot consists of a much higher percentage, viz. 72, of inferior plants than
on the limed plots, where the poorest plot is again the 1 ton CaO roots plot with 33
inf;rior plants, The pH value (3.91) of the unlimed plot is definitely lower than that

of any of the limed plots,

MORRISTON DEMONSTRATION AREA.

The experience on Morriston, Maidens, where a College demonstration area was
maintained by the writer during 1932- 36, is typical of those of many farmers, occupy-
ingksimilar cropping land, This soil was not so extremely acid as that on Hunterston,
its pH value at the commencement of the trials in 1932 being 4.98. Lime applied at
the rate of 1 ton CaQ per acre increased the total potato yield in 1932 from 12.02 to
12.64 tons per acre, while the swede yield was raised from 17.35 to 29,15 tons, and
the mangold yield was increased fourfold from 5.8 to 23.2 tons., In the following year .
this liming only increased the grain yield of the oat crop from 35.0 to 36.6 cwts, per
acre. The average hay yield in 1934 was 55 cwts. per acre on the limed sections (from
53.9 to 58.8 cwts. for the various seed mixtures) compared with 37.2 cwts. on the un-
limed sections. A betenical analysis made of the hays on the limed sqctions of the-
areas sown with certain seed mixtures, and on the unlimed portion, gave the following
results in July, 1934;?demonstrating that the proportion of ryegrass in the sward was
higher and that of the holcus was lower where the larger seedings of ryegrass had
teen employed, and that the proportion of weeds was much hizher and of the clovers

lower, where the land had not been limed.
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(8.M. = Seed Mixture: B,A, = Botanical Analysis) Unlimed
S.M. Al 5.M, BLA. S.M. BL.A. 3.M., B.A, S.M., B.A.
,. lbs. % lbs, % lbs, % 1lbs. % lbs.,
Lolium perennse 14 31 8 19 20 40 26 57 14 3
" italigum 6 12 4 12 8§ 24 10 19 6 2
Dectylis glomerata 6 - 3 2 4 - 3 - 6 2
Phleun pratense 4 - 6 1 3 - 2 - 4 1
Cynosurus cristatus 1 7 1 2 1 1 1 5 1 1
Poa spp. 1 2 1 6 1 1 1 3 1 1
Trifolium spp. 45 26 45 13 45 20 45 14 4 1
Holcus spp. - 21 - 41 - 14 .- 2 - 35
Agrostis spp. - 1 - 2 - - - - 11
Rumex acelosa - - - - - - - - - 11

A year later botanical analyses were again made with the following results for

the various seed mixtures:-

Unlimed

3.M, BL.A, S.M. B.A, 5.4, BLA, 6,1, B.A. 3.M, B.A,
lbs, & lbs, % lbs, ¢ lbs, & lbs, &
Lolium perenne 4 29 8 20 20 27 26 27 14 -
" italicum 6 - 4 - 8 - 10 - 6 - -
Dactylis glomerata 6 25 8 31 4 21 3 14 6 5
Phleunm pratense 4 4 6 7 3 5 2 2 4 1
Cynosurus cristatus 1 3 1 4 1 2 1 2 1 -
Poa sppP. 1 7 1 9 1 8 1 4 1 -
Trifolium pratense 3 5 3 1 3 4 3 5 3 2
" hybridum 1 - 1 - 1 - 1 - 1 -
" repens + 22 + 23 L+ 25 + 27 + 4
Holcus spp, - 5 - 4 - 6 - 15 - 9
Agrostis spp, - - - 1 - 2 - 4 - 170
Rumex acetosa - - - - - - - - - 9

The botanical analysis differences have become much less during the year, the
only significant difference being the amount of cocksfoot presemt, which is approxi-
mately proportion;l to the’amount'of seed in the mi#tures employed, Seriéus deterior-
ation of the sward has taken place on the unlimed land, where weeds total 38% of the
sward against 5% weeds on the limed portions sown with the same seed mixture,

Further observations and botanical analyses another year lster, in September,
1936, showed no visible bégndaries vetween plots sown with the various seed mixtures,
and that all mixtures were giving-almost identical swards where the treatments were
the same; the percentage of ryegrass was around 28, with the cocksfoot betwsen 15 and
20%, on all the limed land. On the unlimed land the infefior plants had almost. com-
pletely crowded out the useful types.

A section had been sown out with a seed mixture composed chiefly of grazing



strains of the various plants, but otherwise similar to the standard mixture already
mentioned. The perennial ryegrass was Kent indigenous, the cocksfoot was Akaroa, and
the timotay Aberystwyth 3.507//The hay yiéld in 1934 had been identical with that of
thevstandard seed\mixture, i% which Ayrshire perennial ryegrass, Danish cocksfoot and
Scotch timothy had been included, and during 1935 and 1936 there appeared to be little
difference in pasture yield between the two mixtures, though differences 1u appearance
were visible at certain periods. It was accordingly decided that relative yields be
#scertained by taking cuttings at intervals of four weeks during the summer of 1937.
Th:ée cuttings weré made between May 14 and August 6 from sections of the grazing
strains plot and two adjoining commercial strains plots, and the yields and chemical
analyses of the herbage determined. Plots of 120 square feet were employed, and the

following table gives the calculated herbage yields per acre and analytical results:-

Commercial Strains A. Grazing Strains, Commercial Strains B,

A Yield e Yield yA Yield
Total crop - 131,.6 cwts. - 130.0 cwts, - 130.0 cwts,
Moisture 77.50 - 77.40 - 77.50 -
Ether extract .81 1,07 .33 . 1,08 .85 1,17
Albuninoids 4,95 6.52 4,74 6.36 4.72 6.14
rude fibre = 4,20 5.53 4,05 5.27 4,12 5.36
Ash 2.05 2.70 2,10 2.73 2.09 2,72
Sol. carbohydrate 10,49 13,81 10.83 14,14 10,72 13,94
True protein 4,20 5.53 4.08 5.30 4,00 5,20

The results indicate that under the soil and climatic conditions prevailing, thers
has been né superiority either in yield or analysis of the special grazing strains over
the ordinary commercial mixture, This is not in accordance with the results obtained
by Stapledon (1) in many of his Welsh experiments (26), but it is in accordance with
the experiences of Moore in Yorkshire (15), and of Findlay in the North of Scotland
(27), end with the observations of most West of Scotland Agricultural Organisers and
of other members of staff of the West of Scotland Agricultural College. At Morriston,
8s on numerous other Ayrshire farms, the most important grazing plant proved to be
wild white clover, which thrives on soils well supplied with phosphate and potashkand

where the pH value of the soil is not too low. It is perhaps worth noting thet the
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ordinary commercial ryegrass was Ayrshire and the commercial timothy was Scotch, and
thaet these strains being indigenous to West Scotland are likely to be at least as pro-

ductive in Ayrshire as Kent or Aberystwyth-bred strains, iantroduced into the area.

BASIC SLAG TRIALS ON SWEDES.

The importance of phosphate for meintaining the fertility of Ayrshire soils has
also been demonstrated by investigetions conducted between 1934 and 1937 in conjunction
with the Permanent Basic Slag Committee to compare the availabilities of low soluble
and high soluble basic slags. Swédes, which are sensitive to lack of available phos-
phate, were the crop employed for these trisls, and the layout was on the lines of the
replicated randomized plots system. The following table gives the treatments and the
mean yields in tons per acr%pnder these treatments at the different centres:-

 Total P05  Conmtrol. Low soluble High soluble Standard pH

applied in slag. slag. error,
cwts/acre. |
Hill of Barnweil, 4.0 S ' 5.2
Craigie, .125 9.5
.25 11.7
.50 . - 10,0 11.5 1,12
1,00 12,1 14,9
Holehouse, 20.3 5.1
‘Balrymple, 125 25,3 -
.25 26,1
.50 : 23,0 26,3 2,11
1.00 26,17 28,6
Hunterston, ‘ 12.7 ’ 545
Trabboch, .125 , 14,38 :
W25 ' : 20,0 '
50 16,8 21,5  K,05
1,00 21,1 ‘ 23,4
Morriston, " 18.0 ) 5.3
Maidens, . .50 17.4 25.5 '
Limestone 17.4 1,00 . 20,8 25,2 13,14
-~ 20.8 , .
Burn, 3.9 : - 4.5
Tarbolton. 1,00 : 18,4 24,0 £0,42

It is evident that results with various degrees of significance had been obtained
at most centres., At Morriston, however, the low soluble slag and the limestone (con-

taining equivalent quantities of Ca0 to those in the two rates of slag dressings)



applications have produced identical results and not significantly different from the
yields on the control plots. The explanation of the less satisfactory response at

this centre is probably that, owing to the fixation of phosphate, a comparatively low
phosphate figure was obtained by the ordinary methods‘of analysis although in previous
years potatoes had been grown with liberal manurial dressings containing much phosphate,
At the other centres, phosphate and lime would be more reguired by the soil for main~-
tenance of fertility, as a heavy manurial dressing for 'root' crops was only given at

long intervals,

BASIC SLAG TRIALS ON GRASSLAND,

Improvement of the herbage by slag applications was secured on several central
Ayrshire farms as a result of an inVestigation commenced in March, 1932, into the effect
of two different rates of slag application. Both high and low soluble slags were ap-
plied at 10 cwts. and 30 cwts. per acre to various plots on four central Ayrshire
farms, By October, 1933, comsiderable differences in botanical analyses were observed,
Results were as follows:-

Abbreviations used - L
h

low soluble, H = high soluble, 1 = lighter dressing,
heavier dressing, C = control.

i

Carston Cairnston Glenside Bardarroch

CLLLhHlIHh CLlLhHLHh €Ll Lh HL Hh C L1 Lh Hl Hh
Lolium perenne -1 -11 21011 513 511131314 1 4 3 3 2
Phleum pratense - = = = = = = - - = = 2 =11 = = = = =
Synosurus cristatus 7 12 14 15 16 8 15 10 13 14 13 19 16 20 17 10 15 18 23 20
Poa spp, 4 6 7 7 9 41012121 5 8 7 510 4 5 8 7 7
Trifolium repens 9 13 16 14 18 23 28 29 26 23 22 27 27 26 23 13 25 26 25 24
Lotus corniculatus - - - = - = = = = - - - - - 2 - 1 - 1 1
Agrostis spp, 4229222321 19 5 811 7 1310 6 4 6 391616 9 15
Holcus spp, 25 21 27 26 26 26 24 20 23 20 26 16 19 20 22 22 19 20 18 20
Anthoxanthum odoratum3 - -~ =~ 1 1 - - - = - = - = - - - =1 =
Ranunculus spp. 6 6 6 3 934 25 63365 517567
Bellis perennis 5 .51 1 - S52 11 ,5 111 1 - - 1 1 1 1
Hieracium spp. S5.51 -1 5,62 1 5 -1 1 =~ = a = - 1 -
Carex spp. R T T 1 - 11 - 2 2 1 1 -
Rumex spp. 2 3 2 3 - 1 7= - = -~ - - 1 - - . e - .
Onicus spp. =1 2 = = = & = 4 & 4 4 4 & 4 4 a4 4 - -
Plantago lanceolata .5~ 1 2 3 =~ ,71 3 1 61 3 1 1 4 4 2 3 3
Musci 52111 21231 21311 -1 12

Taking the average of the plots on the four farms:-



3 L1 Lh H1 Hh
Lolium perenne 2.0 6.5 6.8 5.5 7.5 ’
Phleum pratvense - .5 - 2 o3
Cynosurus cristatus 9.5 15.3 14,5 17.8 16.8
Poa Spp. 4.3 7.3 8.5 T.7 9.2
Trifolium repens 16,3 24,5 24.5 22,8 23,0
Lotus corniculatus - o2 - o2 .2
Agrostis spp. 23.3 15,0 13.0 11.8 12.3
Holcus spp. 24,7 20,0 21,5 21,17 22,0
Anthoxanthum odoratum 1.0 - - 3 o2
Ranunculus spp. 6.5 4,8 4.5 5.3 5.0
Bellis perennis 5 1.1 1.0 1,0 A
Hieracium spp. o3 .5 1.0 ) 4
Carex spp. 1.5 ) .5 .5 -
Rumex spp. 07 09 '5 1.0 -
Cnicus spp. - 3 5 - -
Plantago lanceolata 2.8 1.4 1.7 2,2 2.0
Musci 1.1 1.2 1.5 1.5 o
viz, ' ’ ’ ’
Useful grasses 15,3 29.6 29,8 31,2 33.8
Trifolium repens 16,8 24,17 24,5 23.0 23,2
Agrostis spp. . 28,3 15.0 13,0 11,8 12,3
Other weeds, etc, 39.1 30.7 32.7 34.0 30,7

It is evident that the effect of the basic slag dressings has been to reduce
the agrostis from 28,3% to generally less than half this figure, and the other weeds
from 39.1 to approximately 324, while ingreasing the useful grasses from 15.8% to
around 317, and.Trifolium repens from 16.8% to approximately 247, The beneficial
'effect has been rather greater with the high soluble slag and with the heavier rate
of dressing for both slags. It is also apparent that perennial ryegrass has only con-
tributed to a small extent to the improvement in the sward. It is a common experience
in the South-west of Scotland for pastures laid down in a_phosphate-d;ficient and
lime-deficient condition to show very little ryegrass in a few years' time, and for
manures and/or lime then applied to have very little apparent effect in restoring

ryegrass, as so little had managed to survive beyond the first two years,

CARBELIO EXPERIMENTS,.
The importance of basic slag in producing higher crop yields and improved herbage
has also been demonstrated by results obtained by the writer on Carbello farm in the

parish of Auchinleck, These randomised plots were laid off for a swede manuring



experimexnt in 1935, im order to test out the availabiliﬁies and effects of high soluble,
medium soluble and low soluble slags, Aloné with 1%'cwts. sulphate of ammonia and 2%
cwts. potash salts per acre, the slags were applied at two rates, viz, to supply 56 lbs,
P205 and 112 lbs, P205 respectively per acre, The proportion of the total contained
P,05 soluble in the stanéard citric acid solution was as follows:- lqw soluble 24%,
medium soluble A 44ﬂ, medium soluble B 53%, and high soluble 89%. Yields of swedes

in tons per acre were as follows:~

Stendard
A Control, Low, Medium A. Medium B, High, *Limestons., Error, pH
56 lbs, Pgos 2,31 . 13.96 16,77 21,38 23.61 3.08 *1,13 542

112 "

20,05 20,37 24,50 25,24 4.39
* Bguivalent to Cal0 in slags (3% cwts., and 7 cwts.).
It was obvious from the turnip yields that the medium soluble slags were different
in type, A being little superior to the low soluble, and B being little inferior to
the high soluble, The importance of a higher dressing when the solubility is low is
demonstrated by the above results, where the difference in yield between the two rates

of dressing is only 1.63 toms with the high soluble slag, but is 6,09 tons with the

low soluble,

The land was sown out to grass under an oat crop in 1936; hay was cut in 1937,
and the land was grazed in 1938 and subsequent years. Even although a light dressing
of ground mineral phosphate had been applied in 1938, the effects of the previous
treatment on the sward were obvious, and in August, 1941, botanical analyses were
made and soil samples were taken from the various control, limestone (equal to Ca0
content of 7 cwis, basic slag), low soluble and high soluble slag plots, at both
rates of dressiné, equivalent to 56 1bs, P205 and 112 1bs. Pp05 per acre. The mean

botanical analyses of the plots under each treatment were as follows:-



Control, GaC03. L 56. L 112, H 56, H 112,
Lolium pereune 9.7 13,0 15.3 138.3 17.7 20,0
Dactylis gdomerata 1,0 o3 2.3 1.3 4.0 3.7
Phleum pratense - - 3 - 1.0 2,0
Cynosurus cristatus 3.3 1.7 5.7 4.0 8.3 7.3
Poa. spp. 12,0 17.3 14,0 19,7 18,0 15,0
Trifolium repens 14,0 26,7 24,3 27.3 24,7 28.0
Holcus spp. 21,17 19.3 20.3 17.3 14,3 15.7
Agrostis spp. 24.7 12,0 9.0 5.0 4.3 2,0
Bellis perenunis 4,0 4.7 3.7 3.3 3.0 4,3
Ranunculus spp. 5.3 4.3 4.0 3.0 3.7 2,0
Juncus spp. 4.3 o7 1.0 o7 1,0 -

viz,

Superior species 40,0 59.0 2.0 7047 137 76.0
Inferior " 60 41,0 38,0 29,3 26,3 24,0
Soil pH 5.30 5.30 5.45  5.35 5.35 5.54

In spite 6f the pH figure being only slightly lower on the control plots, there
was still a strong contrast between the swards resulting from the 1935 treatments. The
useful plants on theAcontrol plots only average 40%, while on the high soluble slag
plots they approximate to 75%., There was still a gréater difference between the two
rates of application on the low soluble than on the high soluble slag plots, The few
cwts, of limestone per acre have had a beneficial effect on the sward, though iﬁferior
to the slag dressings, No significant differences between plots were shown byvthe
80il analyses, possibly due to removal of phosphate and lime by additional production
on the slagged plots.

In 1935 also in the same field a calculated manurizl and lime requirement dress-
ing deduced from the soil snalysis and consisting of 6% cwts. (274 P205) ground mineral
phosphate, 22 cwts. 30 potash salts, 2 cwts. nitrochalk and $% tons (857 Ca.C03)
ground.}imﬂatﬁuﬁxﬂnﬂi:per acre, was compared on the swede crop with the normal 10 cwts,
per acre mixed manure employed in the district and analysing 3% nitrogen, 13% P205,
and 3% Ko0. Growth was slow in the early stages with this special dressing, probably
owing to the very slow availsbility of mineral phosphate on a soil made neutral by an
abnormelly heavy limestone dressing. Growth improved later and the yield was 19,9
tons per acre, compared with 22.5 tons with the ordinary maunurial dressing, The oat

crop in 1936, the hay crop in 1937, and the pasture in subsequent years were much
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superior ss a result of the special trestment. In Auzust, 1741, botanical analyses
and soil semples were taken on this plot and from the surrounding area treated in the
ordinary way in 1935 with mixed turnip manure, Results were as follows:-

'Reguirement' Plot, Adjoining Area,

Lolium perenne 35 11
Dectylis glomerate 2 1l -
Phleum pratense 2 ' 1
Cynosurus cristatus 8 3
Poa sm. 11 . 12
Trifolium repens 33 30
Holcus spp. 1 18
Agrostis spp, 2 15
Ranunculus spp, 2 4
Bellis perennis 4 3
Juncus spp. - 2

viz, ’ o
Useful plants 91 58
Inferior " 9 ; .42

Soil, Subsoil. Soil. Subsoil.

pH value 6,49 6,43 5.35 5.50
P,0s mgm./100 gms. soil 13.4 6.40 11,0 = 5.4

" " n

(50 trace absent trace absent

The superiority of the sward is shown by the fact that only‘9% inferior plants
are present on the plot coméared With’over 40% on the adjoining land., Growth also
starts earlie; in the Spriﬁg and production is greater throughout the season. The pH
value of the soil has fallen somewhat from the 7,0 figure obtained in 1935; a certain

amount of loss of lime to the subsoil has taken place, as can be observed from the

centrast between the two subsoil pH figures.

BRACKENHILL DEMONSTRATION AREA, 1936 - 39,
As previous demonstration areas in Ayrshire had been located in the West Kilbride,
Ayr, Dunlop, Beith, and Kirkoswald districis, I decided in 1936 to try and secure land
in the Sorm - Cumnock district. No extensive experiments had been done in this local-
ity, end here, as elsewhere in the County, were fields, which, because they were graz-
ing badly, were broken up and put through a course of cropping with a view to laying
them down anew to pasture. Such attempts at improvement were éften unsuccessful, as

tie farmers concerned failed to realise that the poor condition of the pastures was



due to soil deficiercies which thev nerlected to remedy before layins down anew.

A suitable field was obitzined on the farm of Brackenhill, Catrine, in the South-.
west corner of Sorn parish and adjoiring the méin road, micway between Mauchline and
Auchivleck, The soil had a pH value of 5.0, and the amount of svailsble potash was
satisfactory; the 'available' phosphate, as determined by the routine analytical
methods, was extremely low. As good pasture canzot be expected when lime and phos-
phate are so deficient, and as the ordinary methods of manuring during the growing of
arable crops involve the use of llme—deplotlng manures such as sulphate of ammonisa
and" superphosphate, which give thelr best results in presence of lime, it was decided
to compare the effects on both the vgrious crops and the succeeding pasture, of these
ordinar; manures (latcr referred to as 'acid'_manures), and of manures more suited to
remedy the soil deficiencies in lime and phosphate (later termed'basic' or 'ion-acid'
manures), without incurring nmuch difference in expenditure over the rotation.

Seasoa 19356,

An srea of six acres, measuring 242 yards by 120 vards, was laid off and sub-
divided so thgt fouf manurial strips crossed four variety strips, ‘The oat varieties
included were Early Miller, Castleton Potzst0, Star and Yieclder. As many farmers in
thi*ﬂntty use for oats 3 cwts. per acre of 'XX Corn Manure' or 'Corn Manure', it was
arranged to use each of these for 1% acres. The former aualysed 8% nitrogen, 77 sol-
uble phosphoric acid, Zﬂ insoluble phosphoric acid, and 3 potash; the latter had the
Same phosphoric acid content, but comtained Sﬁ nitrogen and E%ﬂ potash., These were
sown along with the oats, Agrosan dressed, oun 6th April. The other half of the ares
received a fortnight before seeding 3 cwts. ground mineral phosphate and 1 cwt, 30%
potash saits'per acre, To one half of this section 1 cwt., per acre of calcium cyena-
mide was applied a week after the oats were sown, and to the other half nitrochalk
wes spplied at the same rate after brairding, The nitrochalk supplied the same quan-

tity of nitrogen as is contained in 3 cwts, of the 'Corn HManure', while the cyanamide

SUD1 K 2 - 3 . e I . P I - ”
upplied cne-seventh less nitroger than there is iw 3 cwts, of the 'XX Zorn Yarure!
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The Jastleton Potato oais were séwn at the rate of 1 2/3 cwts. per acre and the other
varieties at the rate of 2 cwts. per’ acre.

The weather during May and the first half of June was dry and cold, aud the crop,
especially the Yieider, crew slowlv, This slow rate of growéh Was‘most marked on the
helf where mineral phosphate was used, The lack of sufficient moisture and nitrogen
appeared t0 be the main cause of this slow progress at first, as, althoush this land
is maturally fetentive of moisture and some drains were out of order, .this lea field
had been late ploughed, and the crop was growing most vigorously on the damper lend.
As the weather still continued unfavourable fﬁr nitrification and growth, nitrochalk
at the rate of 4 cwi. per acré we.s applied in the second week of June to all plots,

i7ith the change to warmer and more moist conditions towards the end of June,
all varieties showed an improvement; this was most marked in the case of Sastleton
Potato and least so with Yielder. All verieties came into eér early in July, Yielder
being first and Castleton Potato last to sheot. The mineral phosphate section was
about three days behind the '"Corn Manure' section, The crop was ripe early in Sept-
ember, the Yielder and Early\Miller being several days ahead of the Castleton Potato
and Star. The thinness oun the ground of the Yielder and Star through their poor till-
ering power on this poor laund, combined with the wet weather during August, resulted
in a2 dense grewth of grass on these plots, Fortunatély the weather was favourable
l=ter inrseptember znd all plots were stacked in good condition.

The crop was threshed in March, and the yields of grain and straw ascertained,
As the figures for straw included the grass also present, the straw weights for some
Yielder and Star plots would be &s much as 30% above the weight of pure straw present,
Cn the other hand, this dried grass would b; worth more than pure straw for cattle.

The yields in cwts. per acre for the various sections were as follows:=

(P.E.P. = potash salts + mineral phosphate),



35

P, M.P, + P M P, + Torn XX Corn Average,
cyanamide., nitrochalk. menure, manure,
cwts, ewts. cwts, cwts, cwts,
Yielder: grain (firsts) 11,1 13.1 14,0 14.9 13.3
*  (seconds) +9 1.0 .9 .9 o9
straw 23.0 22,0 19,2 17.9 20.8
Star: grain {firsts) 17.5 17.0 16.5 20,0 17.7
" (seconds) .9 1.9 9 .9 .9
straw 24,0 24.5 23.5 24,3 24,1
Castleton grain (firsts) 19.0 15,4 16,6 - 18,0 17,2
Potato: ™ (seconds) 1.6 1.6 1.5 1.4 1.5
straw 28,5 28.5 23,5 24,0 26,1
Barly {7 zrain {(firsts) 16.4 15.3 16,7 19,2 16.9
Miller: " (seconds) 1.2 .9 .9 1.0 1.0
straw 22,17 20,5 20,0 21.3 21.1
Average of four varieties: .
grain (firsts) 16.0 15,2 15.9 18,0 16,3
" ({seconds) 1.1 1.1 1.0 1.0 1.1
straw 24.5 24,1 2.5 21,9 23,0

Though the Castleton Potatc was thicker on the ground then the other varieties,
its grain yield was practically identical with that of Star: in fact, the latter had
e higher yield of large grain. The straw yield of the Castleton Potato was higher

- than that of the Star, which included a fair proportior of grass, The &arly Miller

- was inferior to Castleton Potato in both grain and straw. The Yielder was poorest
in both grain and straw (and the latter included much grass), and proved least suited
for the soil and climatic conditions, |

As regards the effects of the various manures, the XX corn menure supplying
most nitrogen hed done best; its grain yield exceeded by 2 cwts. per acre ihat of the

~ corn menure. Similarly the potassic mineral phosphate section supplemented with 1 cwt.
calcium cyanamide (20,65 nitrogen) yielded better than the section given 1 cwt, nitro-
chalk (153% nitrogen). Contrasting the latter section with that receiving corn manure
(and the seme amourt of nitrogen), we find that the substitution of the superphos-
phate of the corn manure by mineral phosphate reduced the grain yield by about % cwt.

per acre, Although the apparent 'straw' yield (due to grass) was higher, the actual

strawy yield would alsg be slightly less.
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General Results of 1936 cropping.

The results obtained in 1936 indicate that, though land has been under pasture
for several years, if the pasture has been poor, there may be a dearth of available
nitrogen. In order to secure a grain yield of 20 cwts, per acre, 35 lbs. of nitrogen,
the quantity supplied by 1%t cwts. sulphate of ammonie or 2 cwts, nitrochalk per acre
proved necessary. This may have been partly due to late ploughing. The failure of
3 cwts, mineral phosphate per acre to replace effectively the superphosphate in 3
cwts., corn ﬁanure on this lime-deficient soil was probably due to the dry soil con-
ditions consequent on the late ploughing and the continued dry, cold weather through-
-out May._ Had the land been ploughed in January and the mineral phosphate applied
.before the end of February, results would probably have been different. Though tie
Castleton Potato appeared much superior to the other varieties under thé conditions,
its grain yield was only equal to that of Star which was much thinuer on the ground,
Yielder was too slow in brairding and too short of the straw for soil and climatic

conditions,

Season 1937,

_In 1937 with a view to ascertaining the effect of taking a root crop on the past-
ure later, half of the six acres was under turnips and swedes, and the remainder‘under
oats, undersown with grass and clover seeds; As the previous year's cropping had shown
the need for liberal nitrogen dressings, 4 cwts.vper acre of the 'XX Corn Manure' was
employed for the oat crop on the ‘acid manure' section, and 4 cwts. high soluble basic
slag (104 P2Q5), 1 cwt, potash salts, and 2 cwts. nitrochalk per acre on the 'basic’
manure section._ Half of the nitrochalk was applied at seeding time and the remainder
& month later, Three oat varieties, dressed with agrosan, were included; Castleton
POtato at the rate of 15 cwts. per acre, and Early Miller and Ascot at 2 cwts. per
&cre. Shell lime slaked supplying 13 tons Cal éer acre was spplied to certain plots

when sowing the oats, and three weeks later various mixtures of grass and clover seeds
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were sown, suitable for producing a hay crop and several years' pasture,

All oats brairded well and maintained their vigour throuchout the season, with
little visible effect of lime and with no apparent difference between ordinary and
'"basic' manuring, At the public demonstration held near the end of August and attended
" by the local farmers, the Early Miller was almost ripe, the Castleton Potato was well
coloured, and the Ascot was still green, though well headed., Castleton Potato was
the only variety showing much lodging, which had not occurred until ripening hed com- °
menced., Differences due‘to liming and manuring could not be detected by inspection.

All varieties were cut during the fbllowing week and stacked on September 1lth,

Threshing took plece in the last week of February, and the following yields per

acre were obtained for the various plots:-

Unlimed Section, Limed Section,
Variety. XX Manure. Basic Manure. XX lManure, Basic Manure. Average.
cwts. cwts. cwts., ewts. cwts,
Eerly  grein (firsts) 24,0 24,8 24,6 23.4 24,2
Miller:; " (seconds) 1.8 2,1 2.0 1.9 2,0
) straw 29,6 33.2 . 30.0 28,8 30.4
Castleton grain(firsts) 13.0 20.3 19.5 20.8 19.7
Potato: " (seconds) 3.4 3.4 3.0 3.1 3.2
straw 3.2 30,6 38,0 38.8 38.5
Ascot: grain (firsts) 28.3 29.7 30,9 28,8 29.4
f " (seconds) 2.6 2.7 2.6 2.5 2,6
straw 36.0 37.6 37.6 36,8 37.0
Average of three varieties:
grain (firsts) 23.4 24,9 25.0 24,3 24.4
" (seconds) 2.6 2,7 2.5 2.5 2,6
straw 34.3 36.9 35.2 34.8 35.3

Castleton Potato yielded less grain aﬁd more straw than the other two varieties.
Early Miller, yielding 247% more grain and 217 less straw than Castleton Potato, failed
to approach the grain and straw yields of Ascot, which, with almost 29%-cwts. firsts
grain and 37 cwts. straw per acre, was almost a half betier than Potato in grain and
only slightly inferior in straw yield. Of the total yield of Potato 375 was grain
and 63% straw, while the figures for the other two varieties were 467 grain and 547

straw,
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The influence of lime on the oat crop was only slight, as might be expected
where the acidity was not abnormal (pH = 5.0). With the ordinary XX manure the lime
dressing had, on the average, increased the grain yield by 7% and the straw yield by
3%, On the limed parts of the slag, nitrochalk and potash\section, there was 2 less
érain and 5% l3ss straw than where lime was not applied. On the whole, the 'basic'
manure combination proved slightly superior to the XX manure derived from sulphate
of emmonia, superphosphate and potash salts.

Half of the three acres under turnips and swedes was manured with a mixture of
~superphosphate, sulphate of ammonia, and potash salts, which are the main constituents
of the common turnip manures sold to farmers. The other half had a dressing of slag,

potash salts and either nitrochalk or potash nitrate. It was decided to test three
levels of nitrogen, eguivalent to lé, l%, and 2 cwts. sulphate of ammonia per acre,
each along with 9 cwts. superphosphate (14% P205) and 1 cwts. potash salts (30%).
The medium nitrogen mixture approximated in analysis to 12 cwts. of the common turnip
fertiliser. On the other half of the turnip break the sulphate of ammonia was re-
placed by the equivalent amount of nitrochalk, and the 9 cwts. superphosphate was re-
placed by 15 cwts. high soluble 104 basic slag. The five varieties included through-
out were Aberdeen Green Top Yellow turnip, and Locarno, Bes£ of All, Picton and
Monkwood swedes,

Owing to dry weather, brairding was slow and irregular. A few showers brought
the plants to the singling stagé, but three weeks' very wet weather followed, which
on this retentive soil seriously affected the young plants, especially on the slagged
portion, where the plents were more backward than where superphosphate had been used,
The land remsined so wet that further cultivation was impossible, and the lower-lying
parts were so affected that strict comparison of individusl plot yields was impossible.

_The crop was lifted early in November and the yields ascertained. The average

Yields of the various varieties were as follows:-
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- Yield per acre. Total dry matter per acre,

Locarno 15 tons 19 cwts. 1.71 tons.
Best of All 4 " 18 .77 ¢
Picton : 4 " 18 ¢ 1.60 *
Monkwood 4 ™ 13 0 S l,72 0o
Aberdeen Yellow 9,0 o " 1,93 "

Though of the swedes Locarno had given the highest yield, yeot comsidered on the
dry matter basis it was inferior to some of the other varieties. The Aberdesn Yellow
gave both the highest yield and the highest dry matter yield. Ou the average the
yields from the three levels of nitrogen in the manure were practically identical.
There would seem to be no advantage in risking reduced disease-resistance by using
ﬁbre nitrogen than strictly necessary. The average yield with the more usual type of
menure countaining sulphate of ammonia, superphosphate and potash salts was 16 tous
15 cwts., while with slag, nitrochalk and potash salits the average yield was 15 tons,

This difference would probably have been less had the esarly July weather been less
unfavourable,

In coring swedes from the plots, it was observed that much 'Rasn' - the offect
of boron deficiency - was present. This, as a rule, is only expected to be serious on
land regularly cropped, but on the plots it was present to the extent of 667 in Loc-
arno, 24%' in Best of All, 33% in Pictdn, and 52% in Monkwood,

General Results of 1937 Cropping.

The higher oat yields in 1937 than in 1936 would suggest that more nitrogen was
liberated from the old sward in the second year. Though this is contrary to the ex-
Psrience with a white clover sward on land in good condition, it sé¢ems the normal ex-
perience for land carrying a2 sward with little white élover and much agrostis, In the
circumstances, therefore, Castleton Potato proved the most suitable ocat variety fqr
the first year, but less suitable for the second year, when Ascot proved much superior,
The high soluble basic slag has proved an efficient substitute for superphosphate on
the oat crop, especially on the unlimed section. On the other hand it has been less

efficient for the turnip crop, probably because the smgller plants on the slag plots
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suffered more from the flooded drills in early July. Under the conditions the Aber-
deen freen Top Yellow did better than any of the swedes. Increasing the nitrogen in
the menure 2id not increase the crop. Although this land only grows swedes at long

intervals, 'Raan' or '"Brownheart' was present in nearly half of the swedes cored,

Season 1938,

In 1938 the three acres, which had been sown out with various grass seed mixtures
in 1937 with the oat crop, were in hay, while the other half, which had been unde}
turnips and swedes in 1937, was devoted to oats, the same grass secd mixtures as in
th§ previous year being sown therewith. The comparison of 'acid' and 'basic' manurial
dressings was continued on both crops. The 'acid' section recoived 3 cwts, per acre
for the hay of a mixture analysing 7%% nitrogen, 7% soluble P2Q5’ 2% insoluble P205
and 5%% K20, while the other section was given 1 cwt, calcium cyanamide, 12 cwts.
basic slag and 1 cwt, 307 pdtash salts per acre.

When a public demonstration was held towards the end of July, it w;s easy to pick
out the boundaries of the limed and unlimed sections, and of the 'acid' and 'basic'
manure sections, Agrostis was profuse and red clover almost absent on the unlimed,
acid-manured portion, while red clover was profuse and agrostis almost absent on the
limed and slagged area. The limed, acid-manured, and unlimed, slagged areas were
intermediate for clover and agrostis. The plots sown out with the seed mixtures con-
taining least perennial ryegrass appeared rather thin to give a high yield of seed.
Tho.seed mixtures employed (in 1lbs, per acre) were as follows:~

No.l. NO.Z. . 310130 N°-40 N0.5- *
Lolium perenne 20 30 40 20 26

Dactylis glomerata 6 4 3 6 8 .
Phleum pratense 4 3 2 4 4
Festuca pratensis 6 4 3 6 =
Cynosurus cristatus 1 1 1 1 -
Poa trivialis 1 1 1 1 2
Prifolium pratense 2 2 2 2 3
u .
hybridum % é_ é i }
repens 5 % “ = -

Mixture Mo.4 contained crazing strains, the Lolium perenne being Kent evergreen
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and the Dactylis glomerata and Phleum pratense being Aberystwyth S.26 and S,50.
The hay crop was cut on August 4th and threshed on August 22nd, The yields of
seed were low, especially on the plots with only 20 1bs, rysgrass per acre, Yields of

seed and hay were higher on limed than on unlimed land, averaging as follows (per acre)

Limed, Unlimed,
Seed 4.5 cwts, 4.0 cwts,
Hay 4008 " 37.5 "

The cpmparative yields with the mixtures containing respectivaly 20 1bs,, 30 lbs,

and 40 1bs, per acre ryegrass (Nos. 1, 2 and 3) were as follows (per acre):-

20 1bs, 30 lbs, 40 1bs,
Seed 3. 6 cwts., 4.5 cwts., 5.3 cwts,
Hay 37.3 " 384 " 399 "

The mixture containing grazing strains of cocksfoot and timothy and Kent ever-
green ryegrass gave the same vield of secd and 13% more hay than the corresponding
commercial ﬁixture. Tts relatively high yield was possibly due to its escaping injury
from the late frosts due to its later shooting. The highest hay yield was from mixture
no, 5; this seemed to result from the larger amount of red clover present,

The aftermath grew most vigorously and contained more clover on the limed and
slagced sections. The least aftermath was from the grazing strains,

Three oat varisties were included in this year's trials, viz, Early Miller,
Ascot and Onward, all sown on 2lst April, The manure on the 'acid manure' section
was 4 cwts, of the same mixture as used on the hay, and on the other half 14 cwts,
© calcium cyanamide, lcwi, potash salts, and 8 cwts. slaz per acre (107 P205) wars
esmployed, The latter manure seemed to be at a disadvantage with the late ploughing
ard late sowing, and growth was less vigorous on this half. The same grass ssed mix-
tures were uysed for sowiagz out as in 1927, and shell lime (slaked) was applied to half
of each section at ths rate of 1% tons Cal per acre.

The crop was cut on 3th september, Early Hiller being de=d ripe, Ascot normally
ripe, and Ounward green of the straw thousgh well filled., The oats wére thicker and

teller on the 'scid menured' secction., The comparative yields (in cwts. per acre)
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for the manurial plots were as follows:-

Ordinary Manure. 'Basic Manure!,
. Limed, Unlimed. Limed. Unlimed,
Grain (dressed) 22,2 21.2 18,6 19,4
" (seconds) .7 .6 T .6
Straw 27,6 27.2 25,3 25,8

The relative yields of the three varieties were as follows (in cwts, per acre):-

Early #iller, Ascot. Onward,

Grain (dressed) 17.0 20,0 24,1
- " {seconds) W6 o7 i
Straw 24,6 27.6 27.8

. The ordinery mixed manure had done better, especially on the limed portion,
Onward gave the highest yield of grain and the highest ratio of grain to straw, viz,
474 and 53% of the crop respectively. ZEarly Miller gave the lowest yield of both
grain and straw, their proportions of the total crop being 42% and 58% respectivsly,

General Results of 1938 Cropping.

While in 1937 basic slag and nitrochalk proved an efficient s&%titute for super-
phosphate and sulphate of zmmonia on this land for the oat crop, basic slag and calcium
cyanamide failed to do so in 1933, This was probably due to the late ploughing and

laete application of the manures, The hay crop showed the benefit of slag and calcium

cyanamide, as well as the benefit of a dressing of lime at the time of sowing out,

Season 1939.

In 1939, the fourth year of this demonstration area, the three acres, which had
been sown out with the various grass seed mixtures in 1938 with the red land oats, was
in hay, while the otner half, in hay the previous year, was under first year's pasture.
The comparison of 'zcid' and 'basic' manures was continued on the hay crop aad the

influence of these treziments on the pasture observed.

1 1]

As in {he previous year the part of the "seeds' limed before sowing out was much
greener than the portion not limed, aznd the area on which slag and calcium cyanamide
had been emploved was betier in colour Hhexn that on waich superphosphate and sulphate

of ammoniz had been used., Thne latier section was drsssed with thensame mixeod manure



(3 cwts. per acre) as used in the previous year, while the other section was given
1 cwt. calcium cyanamide and 1 cwt. potash salts per acre to supplement the slag
which had been applied the previous year at the time of sowing out,

When a. public demonstration was held towards the end of July, it was easy to
pick out the boundaries of thé limed and unlimed sections, and of the 'acid' and
'basic' manure sections. A considerable amount of holcus was present, and red clover
was almost absént, on the unlimed, acid-manured portion, while red clover was profuse
and holcus absent on the limed and slagged area, Though sown with the same grass
seed mixtures as the part not green-cropped, the 1939 hay area was almost froe from
agrostis even where lime had not been used; the beneficial influence of the roots as
a cleaning crop was evident, All plots had suffered considerably from the treading
of stock during the wet winter, and the plots secded with least ryegrass appeared too
thin to give high seed yields,

The hay crop was cut for ryegrass seed on July 27th and threshed on August 17th,
Tge seed yield was much lower with the grazing strains than with the ordinary mixture,
being 3% cwts, per acre against 6%~cwts: hay yields were similar at 23é‘cwts. per acre,
The éomparative yields with the mixﬁures containing respectively 20 1lbs,, 30 lbs, and

40 1bs, per acre of peremnial ryegrass were as follows (in cwts. per acre):-

' Unlimed. Limed.
Seed. Hay. Seed. Hay.
20 1bs, 5.7 13,9 6.9 22,1
30 1bs, 6.9 23.2 8.5 23.0
40 1lbs, 8.4 25.4 9.6 28.8
Average 7.0 22,5 3.3 26.3

On the average liming increased the yield of seed by 1.3 cwts. and of hay by
3.8 cwts. per acre, Seed yields werc much higher and hay yields were considerably
lower than on the corresponding plots in the previous year where the land had not been
greencropped, and whers more agrostis and holcus had competed with the ryegrass.

The aftermath sﬁowed the same contrasts on the various plots as the hay crop had

shown., Botanical analyses showed on the unlimed, acid-manured ssction 30/ holcus and
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agrostis and 17 red clover, and on the limed and slagged section 157 red clover and
4% holcus. .

The section under first year's pasture showed the same contrasts as the other
half of the demonstration area, but more marked. It was evident at the demonstration
in Jply that serious deterioration had set in on the section which had not received
~lime or slag, but throughout the rotation haﬁ only received the common mixed manurcs,

General Results of 1939 Cropping.

The influence of menurial treatment during the rotation on the hay-and pasture
in later years was strongly demonstrated on this experimental area, and the indications
were thet the differences would become more marked, The cost of the 'basic' manures
had only slightly exceeded the cost of the commoner type of grain and grass fertiliser,
and the yields of the ordinary rotation crops had only suffered slizhtly, On the other
hand, the hay crop had been superior on the non-acid section, and the pasture was also
very much better than with the ordinary manu;es. On this land, which in general agri-
cultural characteristics is typical of much in Ayrshire and which is naturally defic-
ient in lime and phosphate, it would appear that, if the ordinary 'acid' manures are
used for the rotation crops, good pasture will only be obtained if lime is applied
wWhen sowing out. Much of this benefit, however, can evidently be securcd by using
manures such as basic slag and calcium cyanamide (with a liming value equal to almost
half their weizht) for the rotation crops. Further benefit accrueé from using lime
in addition. An increase in yield through liming amounting to i;}cwtsf of ryegrass
Sééd and 32 cwts. of hey per acre easily pays the present cost of lime. The use of
Special strains of the common grasses did not compensate for defective soil conditionms,

The cleaning of the land through taking a root crop was a benefit to the hay crop and

the first yvear's pasture.



PROCEDURE 1IN RECENT INVESTIGATIONS,
In &%er to investigate further the relative effects of 'acid' and ‘basic' man-
uring with, and without, liming, plots were laid down in October, 1939, and May, 1940
on the Latin Square4princip1e at Brackenhill, Catrine, a typical Central Ayrshire
dairy farm, where, in normal times, grass for hay and pasture is the most important
crop, and where the preliminary results, related‘in the preceding papes, had becn
obtained With demonstratioﬁ plots laid off for the benefit of Ayrshire farmers during
a four years' course of cropping on an adjoining field, As already mentioned, the
term 'basic' orA'non-acid' in this work is being employed in regard to manuriung to
such menurial comﬁinations, as have the effect of raising the pH value of the soil
owing to the lime supplied or conserved. The term "acid' on the other hand is applicd
)
to the commoﬁly practised system of manuring, where the manures employed, genorally
coﬁsisting chiefly of sulphate‘of ammonis and superphosphate, result in a lowering of
the pH value, largeiy due to the lime-depleting action of the sulphate of ammonia,
Rises in pH values in certain soils have been recorded by a number of investigators
as a result of the use of superphosphate. Superphosphate does not have, however,
the neutralising value of basic slag for an acid soil, and in Ayrshire the use of a
normel mixture of sulphate of ammonia and superphosphate has been found to result in
the lowering of the pH figure. It is therefore in that sense that the term 'acid'
is being employed herein,
| The October 1939 plots were laid down on land sown out to grass with a nurse
crop in the previous Spring; the May 1940 ploﬂs were on land cropped with o;ts in 939
and being sown with swedes in 1940, to be followed by oats in 1941, undersown with
seeds for hay in 1942 and pasture in subsecquent years. The determinations made includ-
ed soil pH values, as well as herbage analyses snd botasnical analyses of the vgrious
Plot swards at periods during the investigatious.
Soil sample determinstions were geuerally made in respect of the top 3" which

is the region meinly sffected by surface treastment and to which the grass roots are
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chiefly confined in the early stages of their establishment, and for 3"-3", 9" being
the depth to.which soil samples are normally taken, and to which soils are usually
cultivated. Ten cores were taken for each sample from each separate plot, the pﬁ value
being determined after drying, grinding and thorough mixing of the sample. To minimise
seasonal (28) and soil dehydration (29) effects on.pH values, sampling was as far as
possible confined to the later part of September or the sarlier part of October,

As the methods of soil phosphate determination employed in the West of Scotland
do not scem to onablo.phosphato available for crops and pasture to be accurately ass-
essed owing to the occurrence of 'phosphate-fixation' in most Ayrshire soils, it was
~ decided that no useful phosphate comparisons could be made from the phosphate figures
ocbtained by the esnalysis of the various plots after treatment with superphosphate or
basic slag. It had been found that on soils similar to that at Brackenhill, where the
pH value was arourd 5.0, dressings of even 1 ton basic slag (10% P205) per acre could
be applied without appreciably affecting the 'available' phosphate figures, though
response to further phosphate dressings would not be expected nor obtained.

Each herbage sample was composed of cuttings taken from ten points uniformly
disposed over the plot. Determinations wers made of moisture, nitrogen, phosphoric
acid (P205) and lime (Ca0) content by the ordinary analytical metheds.

The botanical analyses were obtained by the ten point quadrat method, applied
uniformly over the area of each plot, the readings at the various points being added
to give the percentages of the various plants proaon£ in each plot under treatment.

The yields of arable crops were obtained where such were grown in the course of
the invostigationa, and the necessary chemical analyses were made to obtain inform-
ation on the effects of the vurious treatments. These included the determination of
the P205 and Ca0 content of the dry matter. It has been established by Sir John B.
Orr (30) and other investigators that pastures with high phosphorus and calcium con-
tent have 4highor nutritional value for farm animals, and accordingly it can be con-

cluded that, where P205 and Ca0 contents are high, pastures and crops are superior
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for production purposes. A report on the superior value of certain Welsh pastures
with naturally higher niirogen and mineral contents, or managed and menured to give

such higher analyses, has also been published (31).

BRACKENHILL DEMONSTRATION AREA STUDIES, 1939 - 42,

In view of the results obtained on the demonstration plots laid down for the
benefit of the farmers, it was decided to make further detailed studies on the sward
for the next three years, and its relation to the lime status of the soil. At the
commencement of the experiments the pH value of the soil to a depth of 9" was pract-
icﬁlly uniform, only varying very slightly from 5.0, One series had been sown out to
grass in 1937 with a second corn crop, the first oat erop in 1936 haviang been after
pasture which had lain ten years. As already described, part of the land received for
both oat crops and for the 1938 hay crop 'acid' menures in the form of superphosphate
and sulphate of ammonia, and the remainder was dressed with 'basic’ manure4in the form
of nitrochalk or calcium cyanamide and basic slag or mineral phosphate. Potash was
applied in addition each year to all plots. In 1937 half of each section had r;coived
- lime at the rate of 1} tons CaO per acre. Tne liming gave a 5% increase in the oat
vield on the 'acid' manure sections and a 3% decreass on the 'basic' manure sections.
The hay yield in the following year was increased 10% by liming on the 'acid' manure
Plots, but was unaffected by liming on the 'basic' manure plots.

The second series was sown out to grass in 1938 with an oat crop, following
Swedes as the second crop of the rotafion. Liming increased the oat yield by almost 5%
on the 'acid' manure sections, but caused a slight reduction (about 3%) on the ‘basic’
manure sections. The haycrop under both treatments in 1939 was incrcésod 14% by liming.

The land not devoted to a root crop was under first year's pasture in 1939, and
the greencropped area was first under pasture in 1940. Botanical analyses were made
of jho various plots in the autumns of 1939, 1940, i941 and 1942, and soil analyses

Wwere made in October, 1939, and Shptember, 1942. Results were as follows:-

(Abbreviations used in following tables: A ='dcid' manure; B ='Basic' manure;L = Bime.)



A, Non-Greencropped Plots.

September, 1939. September, 1941, September, 1942,
A AL BL B A AL BL B A AL BL B
Lolium perenne 11 22 32 20 10 20 25 19 10 23 31 21
Bactylis glomeeatea 6 4 6 é 2 2 9 5 1 3 3 2
Phleum pratense. 2 5 9 4 - 2 3 1 1 2 2 1
Cynosurus cristatus - 1 4 2 - 2 3 7 2 9 13 16
Poa spp. - - - - 1 3 1l 1 - - 1 -
Trifolium pratense 2 6 5 6 - - - - - - - -
" repens 3 16 19 10 12 25 29 22 11 17 23 21
Helcus spp. ‘ 30 22 9 19 25 24 15 24 25 23 14 17
Agrostis spp. 30 14 2 18 39 8 7 11 38 9 2 11
Anthoxanthum odoratum - - 1 2 - - - - - - - -
Ranunculus spp. 14 8 12 13 9 12 8 9 10 13 9 11
Prunella vulgaris 2 2 3 - - - - - - - - -
Bellis perennis - - - - - - - 2 1 2 -
Hieracium spp. - - - - 2 - - 1 - - - -
viz,
Useful Plants 24 54 75 48 25 54 70 55. 25 54 13 61
Inferior " 76 46 25 52 75 46 30 45 75 46 27 39
Seil pH, 0 - 3" 4.73 5.27 5.46 5.10 4,96 5.41 5,87 5.46
R ST Ay 4.90 4,99 5.18 _}~95 5.13 5.30 5.58 5.28

The above figures demonstrate that the soil reaction due to the treatment during
the rotation has greatly affected the constitution of the sward. The higher the soil
pHl, the greater the proportion of useful plants in the sward. The botanical analyses
of the various sections altered little during the three years. As a fosult of the
‘acid manuring' during the rotation the sward contained three inferior plants to one
useful plant; 'basic manuring' foilowed by liming has reversed these figures to three
ugeful for every inferior plant. 'Basic manuring' without lime has given approximately
¢qual numbers of useful and‘infnrior plants: 'acid manuring' plus liming has given a
similar result. Changes have been negligible during the three years apart from a
gradual improvement in the 'basic manure' unlimed sectien.

Chemical analyses were made of the herbage from the various sgctions in October,
1939, and nitrogen, P205 and Ca0 contents determined. The results of the treatments

averaged as follows ( in percentaged of the dry matter):-

A AL BL B
Nitrogen 2,37 2,30 2,62  2.40
P20 .638 .538 .684 LT3
Ca .726 1.169 1,685 1,120

The nitrogen content is slightly higher with the basic manure, with little differ-
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ence betwsen limed and unlimed sections. The phosphate content is r#thor higher in
the herbage oh the basic manure sections, and the herbage on the unlimed portions of
both basic and acid’mnnnrod areas has a higher P205 content than that on the limed
portions. The Ca0 content is definitely highest in the Kdmhsge on the limed portions
~ of the basic manure section, while it is lowest in the herbage on the unlimed portions
of the acid manure section,

B, Greencropped land.

October, 1939. September, 1940.
! A AL BL B A AL BL B
Lolium perenne 29 40 41 37 9 22 28 20
Dactylis glomerata 19 12 11 10 10 19 15 19
Phleum pratense 9 13 14 12 7 18 14 9
Cynosurus cristatus - - - - - 2 2 2
Poa spp. - - - - - 2 3 1
Trifolium pratense 1 11 15 11 1 4 9 7
" hybridum - 1 1 3 - - - -
" repens - 3 5 5 1 6 9 13
Holcus spp. 18 6 4 9 27 13 8 14
Agrostis spp. 12 3 - 2 32 3 1 4
Ranunculus spp. 12 11 9 11 13 11 11 11
viz.
Useful plants 58 80 87 78 28 73 80 71
Inferior " 42 20 13 22 72 27 20 29 *,
Soil pH, 0 - 3" 4,93 5.44 5.80 5.39
3" 5.04 5.07 5.38 5.19
September, 1941. September, 1942.
Lolium perenne 10 13 24 20 12 . 27 30 21
Dactylis glomerata 6 14 12 8 3 4 6 1
Phleum pratense - 7 3 2 1 1 2 2
Cynosurus cristatus - 2 4 4 - 10 12 8
Poa spp. - - 1 - 1 - - -
Trifolium pratense - - 1 1 - - - -
" repens 6 23 25 22 7 23 26 25
Holeus spp. 28 13 14 19 20 18 1 22
Agrostis spp. 42 14 5 13 44 2 - 11
. Ranunculus spp. 8 9 10 10 11 9 10 9
Bellis perennis - - 1 1l 1 6 3 1
viz,
Useful Plants 22 64 10 57 24 65 76 57
Inferior * 78 36 30 43 76 35 24 43
Seil pH, @ - 3" 5.09 5.66 5.97 5.53
A 5.06 5.31 5.61 5.46

The final results on these plots after three years in pasiure are similar te those



6n the plots where the land was sown back to grass without the interposition of a root
crop~ While the cloéning of the land with a root crop resulted in fewer weeds being
apparent in the first eighteen months after the seeds were sown, deterioration took
place later, chiefly on the land where neither slag nor lime had been applied during
the rotation. By the end of a further eighteen months the swards had become stabilised,
‘thi only difference from the non-greencropped area being that the 'acid manure' section
of the limed portion of the greencropped part, having a higher pH value, had fewer
inferior plants, these being in the region of 35% of the sward.
On both greencropped and non-greencropped land only relatively slight benefit as
shown below was obtained from using special grazing strains or additional quantities
of ryegrass seed. The figure following the treatment symbol gives the number of lbs.
of perennial ryegrass used per acre in the seed mixture for which the botanical anal-
ysis appears immediately below,
Greencropped. Non-Greencropped. Greencropped. Non-Greencropped.
Commercial;Grazing. Commercial;Grazing. Commercial. Commercial,
A AL A AL A AL A AL B20;BL20;B30;BL30. B20;BL20;B30;BL30.
Lolium . . »
perenne - 12 27 12 37 10 23 13 28 21 30 25 36 21 31 30 35

Dactylis

glomerata 3 4
- Phleum

3 1 13_'33 1 6 1 2 2 3 3 3
pratense. 1 1 5 4 1 2
4

2 2 2 1 1 2 1 1

N
N

Cynosurus <
erigtatus - 10
Poa spp. 1 -
Trifolium
repens 723 §5 22 11 17 7 20 25 26 22 27 - 21 23 23 25
Holcus spp. 20 13 13 10 25 23 24 20 22 11 19 10 17 14 16 12
Agrostis spp.44 2 43 1 38 9 36 6 11 - 8 1 11 2 4 -
Ranunculus " 11 9 10 9 10 13 8 12 9 10 11 5 11 9 10 10
Bellis peren. 1 6 - 1 2 3 1 - 1 3 - 6 - 2 - -
viz, :
Useful
Plants 24 65 29 179 25 54 31 62 57 16 62 18 61 73 70 78
Inferior™ 7635 71 21 75 46 69 38 43 24 38 22 39 27 30 22

14 2 9 5 1 8 12 12 11 16 13 12 14
1

R 2 - - -1 -1 1 -

The foregoing tables show that, while on the average ihe swardd from the grazing
sirains seed mixture contains 8% more useful plants and hence 8% fewer weeds, the gyard

improvement resulting from liming on these 'acid monured’' plots with both mixtures is

8everal times greater, showing on the average an increase from 27% useful plants in



Background: ‘Acid' Manured & Limed,
Foreground: 'Acid' Manured & Unlimed,

Background: *Acid' Manured (Unmlimed), Left: *Acid' Manured (Unlimed).
Fereground: 'Basic’ Manured (Unlimed). Right: 'Acid' Manured (Limed).



Left Background: Limed.
Foreground & Right Background: Unlimed,

Left: 'Acid' Manured (Unlimed).

: Left: *Basic' Manured (Unlimed).
Right: '"Reddc*® Manured (Limed).

Right: 'Acid' Manured (Unlimed).
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the sward to 65%, and aceor?ingly a reduction in weeds from 73% to 35%, the improve-
ment being greatest on the land which had been previously cloaﬁod with a root crop.
The use of 30 lbs,. of perannial-ryograss in the seeds mixture in place of 20 1lbs. has
given a sward with 5% fewer weeds on the average, but even on the 'basic manured' plots
the difference due té liming averages 19%, an improvement almost three times greater,
The contrasts in appearance between the various treatments plot; bcq:nnfanoao
marked with the passage of time, especially where the land had been cleaned with a
root crop during the rotation. The plots which had received only the commonly-used
manures for the various crops and hay (and consisting of superphosphate, sulphate of
amnonia eand potash saits) without a lime dressing at the end of the rotation were
always peor in colour, and being less palatable ‘to stock were also always rougher,
contrasting Qtrongly with the areas where lime had been used in addition, or basic
manures such as slag and nitrochalk employed. They displayed a 'whiteness' and lack
of vigour throughout the season, the conirasts being greater each succeeding year,
and are shown by the accompanying photographs taken on the plot boundaries. There
has always been little visible difference between the 'acid manure' plus lime and the
'basic' manure sections, both being equally well eaten and similar in colour and ap-
pearance. The 'basic manure’ plus lime sections have also been well grazed and slight-
ly superior in colour, showing the greatest vigour of growth throughout the yoér.
The quality of the pasture has accordingly been chisfly influenced by the manures
(including 1lime) and their effects on the sur(?co soil reaction, The higher the pH
the lower the proportion of inferior pastufo plants. The only soils to which grass is
netural are calcium soils with high base status, and in ord‘qko obtain good pasture

on Ayrshire soils the creation of calecium soil conditions should be aimed at.

BRACKENHILL RESEEDING RESULTS.

On an adjoining field at Brackenhill, which was undrained and had been under

Pasture for twenty years, having become very rough with rushes, certain trials were



laid down in April, 1938. The soil was in poor conditionm, fhe pH value being 4.8, the
'available Py0g' figure being nil and the ‘available K,0' being 10.8 mgm. per 100 gms.
soil, Certain plots were ploughed and directly reseeded with a commercial seeds mix-
- ture composed of 20 1lbs. Lolium perenne, 8 1bs. Lolium italicum, 4 lbs, Phleum prat-
ense, 6 lbs., Dactylis glomorata; 6 1lbs. Festuca pratensis, 1 1b, Cynosurus cristatus,
1 1b, Poa trivialis, 2 1lbs, Trifolium pratense, 1 1lb, Trifolium hybridum and % lb,
Trifolium repens, all per acre., Adjoining plots were manured without ploughing. On
both sets of plots basic slag was applied at the rate of 200 lbs. Py05 per acre (almost
1 ton 9%) and lime at the rate of 3000 lbs. CaO per acre. Botanical analyses and soil
samples were taken at intervals from October 1939 onwards, Samples of the herbage on
these plotsiware also taken in October 1939, and the niirogen, P;05 and Ca0 contents

determined. The Pesults were as follows:~

Botanical analyses, 1939. Unploughed. Ploughed.
Control: Slag: SlagtLime. Control: Lime: Slag: SlagtLime,

Lolium perenne - - - 28 38 39 44
Dactylis glomerata - - - 5 4 1 1
Phleum pratense - - - 18 25 18 22
Cynosurus cristatus 1l 11 13 3 5 1 -
Poa spp. - 1 - - 3 2 -
Trifelium pratense - - - - 1 2 8

" hybridum - - - - 1 8 7

" repens 10 28 32 2 5 13 15
Holcus spp. 27 24 26 3 2 1 -
Agrostis spp. 29 14 9 20 4 1 -
Anthoxanthum odoratuam 6 - - - - - -
Ranunculus spp. 12 6 T 11 5 12 3
Juncus spp. 15 16 13 3 1 - -
Potentilla spp. - - - 6 5 1 -
Alopecurus geniculatus - = = - 1 1 1 -

viz,
Useful Plants 11 40 45 56 82 84 97
Inferior ™ 89 60 55 44 18 16 3
Seil pH, 0 - 3" 4.52 4.95 5.26 5,72 6,36 5.33 6.%¢

R L 3" 4,69 4,88 5.09 5.9 5.28 598 S48

Herbage Analyses 1 of dry matter).
mrﬁﬁm 7 739 (%1.840 Y 2,600 2,650 1,580 1.670 1.800 2,510
P»0 .369 .68 .682 404 .361 ,552  .479
ca? 676 1,460 1,420 .688  ,880 1,240 1,190

The application of basic slag has had a marked effect in increasing the nitrogen,



Py0g5, and Ca0 content of the herbage on both the unploughed and the reseeded sections.
The addition of lime along with slag to the old pasture has had no effect in that
direction., On the reaeedeﬁ area the lime by itself has increased the CaO content of
the herbage, but has had little effect on the P205vand nitrogen content. Applied to
the reseeded land with basic slag, it has greatly increased the nitrogen cdntent;

this is probably due to the higher proportion of red clover present.

Botanical Analyses of Plots on Reseeded Area:-

September, 1941. September, 1942.
: Control: Lime: Slag: SlagtLime., Control: Lime: Slag: SlagtLdme.
Lolium perenne .20 25 24 28 4 | 2 24 28
Dactylis glomerata 18 14 17 17 - - 4 9
Phleum pratense 15 15 20 21 - 1 2 4
Cynosurus cristatus 3 6 2 2 12 18 17 16
Poa spp. 2 .3 2 - 10 9 5 5
Trifolium pratense 3 3 3 6 - - - -
" repens 5 13 16 15 13 28 33 30
Holeus spp. 9 5 3 1 19 10 4 2
Agrostis spp. 21 5 7 3 27 2 6 1
Ranunculus spp. 4 7 6 7 4 9 5 5
Bellis perennis - - - - - 3 - -
Potentilla app. - 4 - - - - - -
Juncus spp. - - - - 1 - - -
viz, .
Useful Plants 66 79 84 89 49 76 85 92
Inferior " 34 21 16 11 51 24 15 8
Seil pH, 0 - 3" , 5.26 6,06 5.719 6.85
noow o 3n oL gw ’ 5.31 5.74 5.48 6.36

It is clear that a superior sward resulted from ploughing and reseeding to that
obtained by manuring and liming the old pasture. Though the old sward was improved in
mineral and nitrogen content, it was later in starting growth in the Spring and pro-

duced much less bulk than the newly-seeded pasture, slagged and limed. Though the gop-

trel plot reseeded contained superior plants to the old untreated pasture, its nitrogen
and mineral content was similar, and its production was much less than that of the
slagged and limed land. While the lime alone gave a sward of good botanical analysis
vith 75-80% useful plants, these plants lacked vigour, and the yield was little getter
than that of the control plot. On the other hand, the basic slag at the rate of 1 ton

POT acre has had an effect almost equal to that of the basic slag plus lime, both on
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yield and character ef the herbage, thus emphasising the more clamant need for phos-
phate than for lime. The inferior plants on the control plot are approximately 50%
of the sward; on the 8lime enly' plot they amount to 25%; on the 'slag only' plot to

154, and on the limed and slagged plet to under 10%.

KNOWESIDE HILL PASTURE IMPROVEMENT.

In June, 1938, an area of 2 acres of hill grazing land was selected on Knoweside,
Maybole for experiments in pasture improvement. One third was ploughed, one third
| received surface cultivation, and the remainder was left uncultivated. A scheme of
manurial treaiment was included, consisting of lime only, basic slag (15%?205) only,
basic slag plus lime, basic slag plus lime plus potash, the lime being applied at 2
tons ground lime (80% Ca0) per acre, basic slag at 10 cita., and 30% potash salts at
2 cwts, per écre. After manuring and cultivation the ploughed area-was seeded with
therfollawing grass seed mixture:- Lolium italicum 14 1bs., Lolium perenne (Kent)
lo.lbs., Lolium perenne (Ayrshire) 10 lbs., Dactylis glomerata 8 lbs., Poa trivialis
2 1bs,, Cynosurus cristatus 2 lbs., and Trifolium repens (Kent indigenous) 2 1bs.,
all per acre.

The seeds established themselves most satisfactorily on the portions receiving
both slag and lime; on the lime only section the braird was very patchy, and later
many weeds and inferior grasses returned; the slag only section was superior to the
lime only section, but inferior to slag and lime. The cultivated area showed similar
improvements in asccordance with the manurial treatment but on a smaller scale; and
On'the uncultivated sward the improvement was still less, being negligible on the
lize only plet.

Bnring'1939 - 42 the superiority of the lime plus slag sections on the reseeded
area was very marked, and showed a strong contrast to the immediately adjoining uninm-
Proved hill pasture. The botenical analyses and the soil pH. figures for the various

Plots in the autumn of 1942 were as follows:-

»
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Cultivated. Ploughed and Reseeded. Original Sward.

Slag+k20 SlagtK20 Slag Slag CaOl Untreated.
+Ca0 +Ca0 +Ca0

Lelium perenne 24 36 38 30 25 -
Dactylis glomerata 2 4 5 8 7 -
Phleum pratense 2 4 1l 1l - -
Cynosurus cristatus 3 3 2 - 1l -
Pea spp. 5 7 6 4 2 -
Trifelium repens 20 27 23 20 11 2
Lotus corniculatus 2 2 - - 2 2
Holeus spp. 4 7 10 6 1 6
Agrostis spp. 16 8 10 13 19 15
Anthoxanthum odpratum 3 - - 6 1 9
Cerastium vulgatum - 2 2 1 3 -
Plantago lanceolata - - 2 3 4 -
Ranunculus spp. - - 1 - - -
Musci 3 - - 7 7 -
Carex spp. 12 - - 1 17 8
Juncus spp. 2 - - - - 1
Calluna vulgaris 2 - - - - 7
Festuca ovina - - - - - 20
Nardus stricta - - - - - 13
Nolinia caerulea - - - - - 8
Potentilla spp. - - - - - 17
Aira spp. - - - - - 2
Soil pH, 0 - 3" 6.45 6,77 5.95 6.28 5.35

noom 3o g 6.35 6.58 5.88 5.99 5.65

It is apparent that all plots were superior in botanical analysis teo the original
svard, and that ploughing, manuring and reseeding proved more effective than surface
cnltivatien of the original sward, though cultivation and manuring produced a tremen-
dous imprevement ever the untreated sward, It is evident also that lime alone will
net suffice for such land deficient in both phosphate and lime, as shown by a pH value

of 5,23 and an 'available Py0g' figure of 1.0 mgm. /100 gms. 30il when sampled in 1938,

GENOCH RESEEDING EXPERIMENT.
Similar results were obtained in a similar experiment laid down a year later, in
June, 1939, on a piece of marginal land immediately adjoining the hill en Genech farm,
Straiton. A similar seed mixture was sown on the ploughed and reseeded land and, as
at Kneweside, this land produced a superior sward to the cerresponding section culti-
vated. The slagged and limed areas were superior to the paris receiving slag only or

lime only, a3 indicated by the following botanical analyses figures in the autumm of
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1942, three years after the experiment was laid down.

Cultivated. Ploughed and Reseeded. Original Sward.
SlagtKy0 SlagtKp0 Slag Slag Ca0 Untreated
' +Ca0 +Ca0- +Cal
Lolium perenne 20 33 34 27 24 -
Dactylis glemerata 2 6 5 4 5 -
Cynosurus cristatus 6 9 8 6 2 -
Poa spp. 6 8 6 3 2 -
Trifolium repens 13 21 22 13 9 10
Holcus spp. - 18 11 10 16 19 17
Agrostis spp. 15 9 11 18 21 21
Anthoxanthum odoratum 4 1 2 5 10 4
Ranunculus spp. 4 2 2 8 5 5
Carex spp. 2 - - - 3 13
Plantago lanceolata 3 - - - - 6
Festuca ovina 3 - - - - 20
Rumex acetosella 4 - - - - 4
viz, '

Superior plants 417 17 74 53 42 10
Inferior " 53 _ 23 26 471 58 90
- Seil pH, 0 - 3" 6.38 6.69 5.57 5.75 5.00
L A 5.80 5.85 5,50 5.63 5.20

The results obtained at this and the other two centres, where ploughing, manur-
ing and reseeding were compared against cultivation and manuring, or manuring without
cultivation, and proved much superior, especially when both lime and slag were applied,
are in accordance with the results reported in certain East of Scotland experiments
(32). Generally speaking, the best swards have again been obtained on the plets with

“the highest seil pH values, apart from the fact that the potash dressing (in addition
to slag and 1lime) has given a further slight improvement in the sward, though the

%0il pH figure is slightly lower.

BRACKENHILL LATIN SQUARE GRASSLAND PLOTS.

In previous experiments conducted by the writer itihad been found necessary to
apply twice as much P2Q5 in basic slag as in superphosphate te produce the same immed-
iate result when applied to a grassland surface. This relationship between the avail-
abilities of the superphosphate P20sand the slag P205 is also mentioned in the Perman-
ont Bagic Slag Committee's report No.9, 1931, dealing with yields of meadow hay.

In October, 1939, fifty plots, each i% acre in extent were laid off on young
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grass 'seeds’', and to twenty of these plots randomized over the area basic slag was
applied at the rate of 150 1bs. Py05 per acre (1667 lbs. 9% slag). In March, 1940,
superphosphate was applied to other twenty plots at the rate of 75 lbs. P2Q5 per acre
{417 1bs. 187 superphosphate), Ten of the 'slag' plots and tem of the 'superphosphate’
plots received in November 1939 ground lime dressings at the rate of 3,000 lbs. Cal
per acre. Ten plots were left as control plots. Potash salts were applied in early
April at the rate of 50 1lbs, K>0 per acre to all plots, including the contrel plots.
In mid-April sulphat§ of ammonia was applied to the 'superphosphate’ plots, and cal-
cium cyanamide to ten of the 'slag' plots. Nitrochalk was applied ten da;a later to
the other ten 'slag' plots. There were thus two sets of 25 plots each. Nitrogen was
supplied by all three manures at the rate of 23 lbs, per ac;;.

The grass seed mixture used for sowing down the land in the spring of 1939 was
of the simple type, only a few species being inclu&od: the quantities per acre were as
fellows:% Lolium perenne 34 lbs., Dactylis glemerata 2 1lbs,, Phleum pratense 3 lbs.,
Trifelium pratense 1 1b,, Trifolium hybridum 1 1b,, and Trifolium repens 3 1b,

The hay crop was cut towards the end of July (for ryegrass seed production) and
veighed a week after cutting, the mean yield in 1lbs. per plot being as follows:-~

(Abbreviations used as previously).

Comtrol A AL BL B Standard Error,
Cyanamide Series 26,4 34.4 34.6 34,8 31.8 +1.31
Nitrechalk " 30,0 40,2 40.4 444 39.4 1,81

Dry weather had followed the application of the manures, and it would appear that
the nifrechalk had in the circumstances acted more efficiently than the cyanamide, All
manures gave significantly higher yields than the control plots, the 'basic manure and
lime' plot proving best in the 'nitrochalk' series, while the lowest yield apart from
the contrel plots, was given by the basic manure (unlimed) on the 'cyanamide' series.
Other yield differences between treatments were insignificant. |

Semples of the hay were drawn from the nitrochalk series of plots, and nitregen,

PEQS’ and Ca0 gontents determined with the following results:~



Hay Analyses - Nitrochalk Series, (Porcentagos caleulated both as harvested
and on dry matter basis.)

Contrel " A AL O

BL B
Moisture 16.00% = 16,022 - 17.66% - 17,28¢ - 16.50% -
Nitrogen .595 .708 537 .639 530 .644 518 626 496 594
Py0s5° .220 ,262 .213 .260 .227 .276 .211 255 «213 ,255
Ca0 204 ,243 180 ,214 .260 ,316 .241 ,291 .203 .243

Wnght of various constituents removed (in cwts. per acre) :-

e
e,

Nitrogon 179 ewbs. .216 cwts, .215 cwts, «230 cwts. 195 cwts,
P05 .066 " .088 * 092 " .094 " .084
Ca0 06l " 072 105 " .107 * .080 *

The highest percentage of nitrogen is shown by the control plots; the yield per
acre was, of éourse. lower, The P2Q5 percentages show only small differences between
. treatments, The Ca0 percentages are definitely higher vhoro lime was applied. It is
obvious that the amounts of all constituents removed by the crop on the control plots
'are less than under the various treatments. As regards treatments, the nitrogen re-
moved was less on the basic manure plot and greater on the basic manure plus lime
plot than on the other treated plots, The CaO figure is definitely higher on the
. limed plots, and the P05 figures show little difference beitween treatments.

Whila the Py05; content of the crop under the varioua treatments is higher than
that for the control sections, the total P205 centent is only 6.6% of that applied to
the 'basic manure' plois and 13.4% of that applied to the 'acid nénure' plots. Viewed
in another way, the additiogal P205 content of the 'basic manure' crop as compared
with the 'control’ crop is only 1,8% of that applied,'and of the ‘acid manure' crop
3.6% of that applied. This would sﬁggost that in 1339 there were P20; residues in the
soii from previous manuring, and that the hay crop in 1940 only required a relatively
small additional amount of P205 in order to give a normal yield, It may be that a
low rate of availability in Ayrshire soils of phosphate applied under normal soil con-
ditiﬁns necessitates heavier applications than on first examination would seem te Dbe
required. It has been found necessary in farm practice to give such heavy dressings

befors definite improvements in the state of the grassland are obtained, With a light



P2q5 dfessing in the first year on land newly sown out to grass in Ayrshire, mo infer-
iority can as a rule be detected cémparod with a liberal dressing, but in later years
the benefit of the heavier dressing becomes very marked, The need for heavy phosphate
applications in other parts of the country, and the question of phosphate fixation in
Ayrshire soils, have been referred to in an earlier section.

At the commencement eof thése investigations the pH of the top 3" of soil averaged
4,95 and of the next 6" was 5.19; the ‘available Py05' figure was .5 mgm./100 gms.
80il, and the 'available K>0' was 5.5 mgm./ioo gms. soil, Differences between plots
wore slight and were almost eliminated when the mean of all the plots under each ireat-
ment was taken., Two years later, in September 1341, and again, three years later, in
September 1942, differences in pH value botwe;n the soils under the various treatments
vere determined: pH_values averagod as follows:-

.

: Control A AL BL B
1941, pH o - 3" 5.14 5,07 5.65 5.38  5.32
pH 3" - 9" 5.24 5.15 5,25 5.31  5.24

1942, pH 0 - 3" 5.15 5,08 5.77 6.00 5.36
. pH 3" - 9" 5.26 5.22 5.35 5.45  5.30

It is evident that the lime and manurial treatments have influenced the pH values

of the top 3" of soil to far greater extent than those of the next 6". This is to be
" expected from surface applications without any subsequent cultivation. The difference
in pH value between 'acid manure® and ' basic manure * lime ' plots in the top 3" is
+92, a figure four times greater than fhe .23 difference for thé next 6", With lime
or besic manure the surface pH is higher than thet of the underlying soil, while on
the other plets it is lower,

Botanical enalyses made in October, 1940 showed that the herbage differences,
though detectable, were only slight, but confirmd the impreesion by the eye that
deterioration had set in on certein plots, esp&cially the control end 'acid menure’,

The mean botanicael enalysis for each treatment was as follows for the two series:-



Control ' A AL

BL B
Series l;Series 2. 1; 2. 1; 2. 1; 2, 1; 2,
Lolium perenne  35.2 32,6 37.2 37.2 37.8 39.0 36.2 35.8 37.4 35.6
Dectylis glomeratal4.O 8.2 14,2 8,8 13,8 9.4 15.6 9.2 10.2 9.6
Phleum pratense 9.6 10.4 10.4 10.6 12.6 16.2 11,6 17.2 9.8 15.0
Trifolium pratense - - - - - .2 .4 - 2 -
" hybridum 1.4 .4 1,0 .8 1.2 1.0 1.8 1.6 1.6 1,2
" repens 1,0 .8 .8 .4 1,2 4 .6 .8 1.4 .8
Holcus spp. 31,0 38,8 29.6 34,6 28,2 26.6 28,0 28,0 32.2 29,6
Agrostis spp. 1.4 2,2 .4 4 - 1.4 - o2 .8 o2
. Ranunculus spp. 4,2 4.8 4,0 5,0 3.6 3.6 3.2 5.6 3.8 5.4
Trifolium dubium 2,2 2.0 2,4 2,2 1,6 2,2 2, 2.0 2,6 2,6
Summarised, these figures give:~
Control A AL BL B
Useful Plants 58.8 63,0 68.3 67.5 64,0
Inferior ™ 41,2 37.0 31,7 32,5 36.0

By September 1941, and still mere a year lster, deterioration had become marked

on the control and 'acid manure' plots.' Botanical analyses results averaged as below:-

~ September, 1941, Control A AL BL B
1, a. l; 2, 1; 2, 1; 2, 1; 2,
Lolium perenne 17.2 11,0 19,4 13,8 25,8 24,2 30,6 25,8 24,0 21,2
Dacyylis glomeratsa 9.2 8.0 11,6 10,0 13,2 10,0 10,0 1li.4 12,8 7,6
Phleum pratense 6.4 7.4 9,4 7.8 9.4 12,0 12,6 15.0 11,4 11,8
Cynosurus cristatus .2 - 4 W2 .2 o2 1.0 .6 o4 o2
Poa. spp. 2,2 - 3.0 1,0 5,6 3.8 8.6 4.8 7.0 1.8
Trifolium pratense - - - - - - o2 s o4 -
" hybridum 3.4 1,6 2,2 1,2 2.0 4 1.4 N 3.6 1.4
- repens 2,4 1,0 2.4 .8 4,4 3,0 11,0 4.4 7.2 1.6
Holcus spp. 22,2 26,4 22,0 25,0 18.2 22,4 13,2 22.4 17.6 24.8
Agrostis spp. 26.6 30.0 20,8 27.2 10.2 9.8 5.4 3.8 8.4 14,6
Ranunculus spp. 6.6 12,4 6.8 11,2 7.0 12,0 6.0 9.6 6.0 12,2
Trifolium dubium 3.6 2,2 2,2 1,8 2,0 2.2 - 1.6 1,2 2.8
September, 1942,
Lolium peremne 13.4 11,4 16,6 13,4 31.0 30.2 39,8 31.0 28,6 24.2
Dectylis glomerata 3.6 4.0 2,6 3.0 5.4 4.8 7.2 9.2 7.8 7.0
eum pratense 3.8 9.8 6.6 10,2 10,0 10,8 10.4 19.0 8.6 15.8
Cymosurus cristatus 1.2 - 1.2 - 1.4 - 1.6 - 1.4 -
Pea spp, 6 - .4 4 - 20 - 1.2 -
Trifolium hybridum - - - - - 1.0 - 1.2 - .6
repens 4,2 3.0 3.6 3.4 1.1,6 7.8 1.8 8.2 10.6 5.6
Holcus spp. 26.2 20.0 25.0 21.4 22,8 20,2 13.0 18.4 23.4 21.6
Agrostis spp. 32.8 36.2 31.2 33.6 5.0 5.8 3.2 1.8 5.8 10.6
culus spp. 13.0 13.4 11,2 12,6 10.2 11.6 9.4 10.6 11,8 11.6
Bellis peremnis - - - - - - o4 - - -
Trifolium dubium 1,2 2,2 1.6 2.4 2,2 1.8 1.2 .6 8 3.0

Summerised, these tables give the following results:~

September, 1941, Control A AL BL B
Useful P1an. 6o 43.5  60.2  69.8  58.2
Inferior » 63.1 56.5 39.8 31.2 41.8



September, 1942,

Control A "AL BL B
Useful Plants 29,2 32.5 62,2 1L.46 57.6
Inferior " 7008 6705 3708 2804 42,4

During 1942 {the control and 'acid manure' plets were easily picked out; they
lacked the vigour of growth and healthy esppearance of the others, displaying a 'white-
ness' throughout the entire season. The 'basic manure *+ lime' plot bad the most vig-
orous gppeerance in each row, and the .'acid manure + lime' plot had generally a better
colour than the 'basic manure' plot, The appearances and contrasts were similear to
those on the Demonstration Area in the adjeining field, of which an account has already

been given.

BRACKENHILL ESATIN SQUARE SWEDE PLOTS,

These May 1940 plots were laid off in a 5 by 5 Latin square on swedes, the five
treatments being 'basic Manure' with and without lime, 'acid manure' with and without
lime, and control, The plot size wast%,U acre. As lime is more important for grass
seeds than for the turnip crop, and tends to sink rapiély in the soil, it was decided
to withhold the lime till 1941, This is in accordance with what I recommend as farm
Pfocedure in the interests of production. There were accordingly only three treatments
in 1940 on the turnip crop. The basic manure supplied 200 1lbs. Py0; per acre in the
form of basic slag, and 35 lbs. nitrogen per acre as nitrochalk; the acid manure sup-
plied 150 1bs, per acre P205 as guperphesphate, and 35 1lbs, nitroger per acre as sul-
phate of ammonia. Experiments in Ayrshire have indicated thaﬂin the year of appliec-
ation the P295 in basic slag is approximately 15% of the efficiency of that in super-
Phosphate, when applied to cultivated land, In additien 35 lbs. K20 per acre were
applied as 30% potash salts to all plots, All menures were applieg"in the drills
‘after ¢ultivation was completed. The drills were thereafter split and the swede var-
iety 'Best of All' sown in the first week of Mey.

The control plots were visibly more backward throughout the growing season. The

Yields and dry matter contents under the vaerious treatments were ascertained at lift-



ing time in November with the following results:-

Mean Yield  Standard Mean % Yield Dry Metter
Tons/acre. Error. Dry Metter. Tona/gcre.
Control 15,60 10,97 ‘ 1l.m
Acid Menure 18,86 .37 10,61 - 2,00
Basie “ 20,57 10.81 2,22

The besic manure has given both the highest yield of crop and the highest yield
of dry matter, the difference between the various treatments being highly significant.
At the outset in May 1940 the mean pH value of the soil to 9" was 5.24 and of the
subsoil 5.80. In 1941 a standard dressing of 2,000 lbs Cal per acre was applied to the
whole field before sowing the oat crop.' In addition Ce0 was applied at the rate of
35,360 1lbs. per acre to five 'acid manure' and five 'basic manure' plots, the remaining
'acid manure' and ‘'basic manure' plots receiving no further lime, The manures, lime
and Yielder oats were sown in mid-April 1941, Nitrogen was applied at the rate of
50 lbs. per acre, and phosphate at the rate of 50 lbs. P05 per acre, the manures on
the 'acid manure' plots being sulphate of ammonie and superphosphate, and on the
'basic manure' plots nitrochalk and basic slag. The crop was cut and stecked in Sept-

ember and threshed in March, Mean yields (in cwis., per acre) were as follows:-

Control A AL BL B Standard Error.
Total Yield (September) 60.0 74.6 69.0 69.2 73.0
Grain " (March) 15,2 24.6 22,8 23.0 24,2 t 1,09
Difference (Straw,Chaff, 44.8 50,0 46,2 46,2 48.8

Moisture)

It would eppeer, therefore, that manuring geve an increesed yield, there being
no difference in that respect between 'acid' and ‘basic' manure; the limed plots'
yielded less than the 'unlimed' (which had received a lime dressing in common with the
rest of the field). The further lime dressing evidently raised the pH value too high
for optimum results from the oat crop, the surface soil on these areas having a pH of
almost 7,0 while oats prefer a somewhat acid soil. The standard lime dressing of 2,000
1bs. per acre Ca0 applied to the whole area between the turnip and cat crops hed appar-
ently corrected the acidity sufficiently for optimum growth of the oat crop; the ad-

ditional 14ge applied had produced & slight reduction in yield, The detrimental effect
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of too much lime on the oat crop wes experienced by North Ayrshire farmers during the
latter part of last century, when shell lime applications of 4 tons per acre each
rotation were common. The effect of high pH values in producing ‘oat-sickness’ in
the North of Scotlend has alsec been mentioned by Hendrick and Moore (33). The mean
soil pH figures determined in the late autumn of 1941 were as fellows:-
Control A AL BL B

pH 0 =3" 6,17 6,06 6.74 6,77 6,51
P 3" -9  5.41 5.31 5.46 5.85  5.59

A simple grass seeds mixture, similar in composition to that used two years pre-
viously for the adjoining plots, had been sown in 1941 with the oats, and in 1942 the
lend was under hay. The rate of application of nitrogen was 25 lbs, per acre, and
sulphate of ammonia was used on the 'acid manure' plots at the rate of 120 lbs, per
acre, and nitrochalk on the 'basic menure' plots at the rate of 160 lbs, per acre.
Superphosphate was applied to give a further 50 1lbs, Pé05 per acre to the 'acid menure'
Plots, thus bringing the total P205 applied during the three years up to the rate of
250 1bs, per acre for ‘'acid' and 'basic' plots alike. The hay crob was cut at the end
of July and weighed two weeks laster., Mean yields (in tons per acre( were es follows:~

Control A AL BL B Standard Error.
1.82 tons. 2.15 toms. 2.45 toms. 2.52 tems. 2.2¢ tons. + .093

The increased yields of the 'acid' and 'basic' manurings over the control plotis
are significant, while the further incrbases, due to liming, are elso significant.
The differences between acid and basic manuring are not significant.

The botanical analyses made in September 1942 gave the following results:-

Control A AL BL B
Lolium perenne 35.8 39,6 45,0 48,6  43.6
Dactylis glomerats  13.2 10,4 12,0 13.0 11,6
Puleum pratense 13.8 14,2 18,0 16,4 17.4
Trifolium hybridum 5.6 5.0 5.6 5.2 4,6
" repens 2.2 1.0 . 1.4 1.4 .

Holecus spp. 15,2 16.8 9.0 6.2 10.4
Agrostis spp. A .8 - - -
culus spp. 13.2 11,8 9.8 8.6 10.6
Bellis perennis .6 .4 z .6 .4
viz, )
Useful Plants 70.6 70.2 8l.2 84,6 78.6

Inferior * 29.4 29,8 18.8 15.4 21.4



- The mean soil pH figures determined at the same time were as follows:-
Control A AL BL B
Soil pH, 0 - 3" 5.86 5.80 6.54 6.92 6.21
"M 3" -9" 545 543 566 6,05 5.65
It is again obvious that the inferior plants are in smaller proportion on the
.plots with the higher pH values: for example, on the limed portion of the basic manure
plot, having an average pH of 6.92 in the top 3", the inferior plants comprise 15,47
of the herbage, while on the unlimed portion of the acid manure plot, with a pH of
5.80 in the top 3", the inferior plants form 29.8% of the herbage.
As compared with the soil figures a year previously, the PH value of the surface
soil is slightly lower, and that of the lower layer, 3" - 9", slightly higher, This
is to be §prctod from the lime tending to sink in the soil, The average fall in pH

~ in the top 3" of the so0il is .23, while the average rise in the 3" - 9" layer is ,13.

COMPARISON WITH RESULTS OF OTHER GRASSLAND INVESTIGATIONS.

The predeminance of Lolium perenne and Trifolium repens, and the association
they form, on good permanent pastures in the English Midlands and elsewhere has been
described by Armstrong (34). He has also commented on the prevalence of Agrostis vul-
garis and other weeds in inferior. permanent pastures, and found that the choicest graz-
ing land was associated with é#its rich in available phosphate., Smith and Crampton in
a discussion (35) on natural ané artificially induced grasslandé emphasise that the
- former only occur on limestone and allied soils, while the latter show marked vari-
diions apparently unconnected with their habitat, and are frequently unstable in re-
gard to their herbﬁgo. end require constant attention if the higher grazing value is
. 10 be maintained and degradation to scrub, etc. prevented.

Studies on the botanical composition of éldor graselends (36) by Wyllie Penton
have ého'n that intensive manuring and rotational grazinmg in Devon improved the flora,
Tesulting in the preduction of swards containing 70-80% Lolium peremne and Trifolium

Tepens, with 57 Agrostis, 5% Poa trivialis end with small quantities (1ess than 3%



of each) of Dactylis glomerata, Ranmunculus spp., Bellis perennis, and Hieracium spp.
The percentage of Agrostis in the original sward is not stated, although at the outset
of the grazing trials it averaged less than 13% of the sward. It would appear there-
fore that in the Devon investigation the conditions for the growth of Agrostis were
less favourable than those obtaining at Brackenhill and on the othbf Ayrshire farms
mentioned above.

Wyllie Fenton has also reported investigations affecting grassland retrogression
in Devonshire permanent pastures (37), and how transition from Group I pastures (Tri-
folium repens and Lolium peremne dominant) to Group II pastures (Trifolium repens
dominant and Agrostis sub-dominant) and to Greup III pastures (Agrostis dominant;
and Holcus ianatus, Cynosurus cristetus or Anthoxanthum odoratum sub-dominant) and
lower groups, or vice voraa,‘may take place. He finds the chief deficiency of most

permanent pastures te be phosphate and lime, Such pastures also often suffer from
inefficient management and inadequate grazing,

In his botanical survey of grasslands in the East of Scotland (38) he found that
the botanical composition of grasslands, which have been recently sown, are, other
things being equal, determined by the nature of the seed mixture., With similar seed

" mixtures strongly similar grasslands will, he states, be obtained, and the use of an
inferior strain of any species may cause marked changes in the flora, In most of the
botanicel analyses quoted for rotation grass, Lolium peremne and Trifolium spp. con-
stitute approximately 80% of the species present, Lolium peremnne predominating in the
tirst year, and Trifolium repens in the later years. In only one case was there an
apprecisble proportion of Agrostis spp. In only a few specisl cases also did Agrostis
eccur in comsiderable quantities in the permanent pasture swards. In most of these
Trifolium repens was dominant. He also comments that in natural er semi-natural
gresslands skilful mansgement will produce improvement, that acidity is one of the
Commonest causes of inferior vegetation, and that, although the geological forgation

and nature of the surface soil may be a decisive factor in determining the flora



under natural conditions, this is not necessarily true of all agricultural lend, His
conclusions are that “In grasslands of long duration soil condition and general treat-
ment p;y a very 1mportant part; grazing is a most important biotic factor. Defigciency
in nitrogen, calcium, phosphorus or potassium or of more than one of these, is re-
flected in the flora of the grassland.”

In the view of Wyllie Fenton, therefore, the nature of the grass seed mixture

~is the most important factor affecting the composition of the swerd in rotation grass.
He found, however, that in grasslands of long duration, soil condition - manuring,
liming, drainage - and general management play & very important part. He states
that fertility and other conditions in scils under rotetion cropping are generally
faveiltble to0 the establishment ef the superior sown species of herbage plents. My
experience in the investigations at Brackenhill and elsewhere in Ayrshire was that
soil condition, especially the lime- and phosphate~ status, was the most importent
factér affecting the botanical composition of rotation grass swards. Grass seed mix-
ture effects were limited even in the first two years, and as a rule were relatively
szall thereafter., Under average conditions in West Scotlend the Lolium perenne-
?rifolium repens association forms a lower proportion of the sward, seldom more than
50 - 60% even under the best conditions«on typical dairy farms, as compared with 807
in many of the cases quoted for East and South-east Scotland and Devonshire by Wyllie
Fenton, On the other hand, Poa trivialis, Cynosurus crisfatus, Agrostis ppp., and
Holcus lsnatus are much more prevelent in our West swards than in these East Scotland
or South England pastures,

Stapledon in his recent writings has stressed thénimpertance both of the seed
lixture, including special strains of pasture plants, end of a satisfactory lime- and
‘Phosphato- status of the soil, if good pasture is to secured and maintained., He has
found im his investigations that numerous viable seeds of Agrostis and Holcus lanatus
are present'in soils (39), and that these plants will spread rapidly if the soil fert-

ity conditions are not sufficiently high for the survival of the sown species,
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GENERAL OBSERVATIONS PREVIOUS TO 1941,

In connection with investigational and advizggghparried out by me on many Ayr-
shire farms, numerous scil samples were taken for exemination. Almost eiery foerm in
the County was visited by me on one or more cccasions between 1928 and 1940 in con-
nection with some feriility problem, and pH values were determined roughly in the field
or more accprately in the laboratory. In the later years 'available P2q5' and 'avail-
able Ko0' figures were also determined in the routine exemination of these soils,

As already mentioned, serious deficiencies in lime and phosphate for good pasture
vere found .on very many ferms. On many such farms oat and potato yields were mormal,
Even at pH values only slightly exceeding 4.0, good yields of these crops were being
obteined so long as the soil was otherwise in a good state of fertility, On soils in
poor conditien, on the other hand, even liberal nanurial‘applications feiled to pro-
duce satisfactory oat and potsto crops when the pH was much under 4.5. Between 1920
and 1930 very little wheat was grown in Ayrshire, and barley had ceased to bava rot-
ation crop, and even as a catch crop after potatoes it was yielding unsatisfactorily
on meny farms, These two cereal crops are more sensitive to soil acidity than oats
and fail before pH values have sunk so low, The following figures for seven farms
give the comparisons between pH velues and ‘'aveilable' P05 and K20 in mgm./100 gms.
éf s0oils on which wheat growth was apparently normsl, and of those immedistely adjoin-

ing in the same fields where the crop was poor or even a complete failure.

Farm, Wheat Normsl. Wheat Poor.
pH P205 K20 pH P05 K30
Stanle .0 12, 1.7 4,41 17,0 3.4
Warrix? 5,4; 20.3 23,8 4.57 18,0 25,1
Springside 4,90 18,0 6.1 436 22,4  10.7
EolllOB 4,97 4.5 11.9 ‘030 1.4 24,1
Houdston 4.96 28.5 19.1 4.52 36,3 26,7
Girven Mains 5.43 96.0  16.6 4,67 98,0  26.6
S, Sanquhar 6,33  25.1 .5 4.52 205 7.1

It would appear from the above figures that, under Ayrshire climatic and soil
tonditions, e f§11 crop of wheat cannot be expected when soil pH values fall much under

5.0, In almost all these cases the P205 and K20 figures were higher where the crop



was poorer, probably due to the less vigoréus crop taking up smaller amounts of these
constituents, The amounts present in all cases are greater than those feund in the
average Ayrshire soil capable of growing geod crops. The wheat on the areas with the
pH values of 4.41, 4,36 and 4.30 failed completely; the critical figure appears to be
eround 4.7 to 4.8,

The critical pH figure for red clover would appear similar to that for who;t a8

suggesied by the following data for three farms and Morriston Demonstration Area:-.

Ferm. Red Clover Present. Red Clover. Absent,
pH P05 K70 pH P2q5 K70

Threave 4,17 10,5 1,8 4,52 8.0 2,8
Barneil 5.13 9.5 6.7 T 4,17 12,0 8.8
Enterkine 5.17 .5 : 6.4 4.59 2,1 903
Morriston 5.50 5.8 6.4 4,70 6.7 19.7

Such results are typical of farms where, when sowing back land to grass, liming
wes less common ten years ago than mnow, and where the difference in soil acidity be-
tween the potato land and the turnip land of the previous year was ofton sufficient
to decide the fate of red clover. The difference of the effects of the potate manure
vith its higher sulphate of ammonia and lower phosphate content compared with the
turmip manure often sufficed to cause a red clover failure om the ‘'potato’ soction;
vhile it succeeded on the 'turnip' section, On the other hand, there were farms on
which lime and basic slag were being employed and where the red clover failed on the
'turnip' section and did well o£ the 'potato’ section. This was most common wheré the
farmer had been using very little potash and the soii showed a low 'available K,0'
figure, as on the farm of Mossend, Kirkmichael, where in accordance with normal pract-
ice three times as much K20 was applied to the potato as to the swede crop., The
Potash taken from the soil by both crops is pracically the same, a 10 ton potate crop
removing approximately the same weight of K70 as a 27 ton swede crop. The follewing

are the soil figures obtained on Mossend when the land was under hay:-
P205 K0

' pH
'T“’nip' section: no red clover. 5.54 5.4 1.9
Potato® *» : red elover. 5.31 3.7 4.0
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The parﬁ of the County in which the available supply of potash was mSst often
found the limiting factor was that included in Monkton, Ayr, Tarbolton, Stair and
Mauchline parishes, and in certain parts of the northern half of the County. Seldem
was' it the factor responsible on soils in the Carrick division, though such soils are
mostly of lighter texture than those further north. They are apparently better pro-
vided with potash than the heavier North Ayrshire soils,

During the period June 1938 - June 1940, 450 farm soil samples were drawn by me
in the northern part of the County and 595 in the southern portion. Many of these
samples were taken because the farmers concerned suspected the need for lime, through
cfops and/er pasture not giving satisfactory results, and desired to have their sus-

picions confirmed. This is reflected in the fact that only 159 or 157 of this total

. of 1,045 samples returned pH values of 5.50 or over: 80 of these soils were from the

northern parishes end 79 from the southern parishes. Over 71% of the samples showed
'available P20;' figures of under 7.0 mgm./100 gms. soil and 647 showed similarly low
'aveilable Kp0' figures. Almost 10% of the soils returned 'available Py05' figures
of over 14.0 mgm./100 gms. soil, and 13.6% gave similerly high 'available Kp(" figures,

The following table gives the numbers of soils falling into each category:f

North Ayrshirw. South Ayrshire. Total.
Bunber y A Number % Number
High P,0 30 6.7 73 12,3 103 9.9
Medium %2 92 204 105 17.6 197 18.8
lew ® 328 72,9 417 0.1 - T45 7.3 .
High K0 42 9.3 100 16.8 142 13,6
Nedium ® .94 20,9 139 23.4 233 22,3
Lw = 314 69.8 356 59,8 670 64,1
Total Seils 450 595 1045

Thar; is comparatively little difference between the proportions of soil samples
shouing low phosphate figures in the two parts of the County, but there are more low
petash figures in the northern portion, Here the proportion of potash deficient soils
vas almost as greet as the phosphate deficient ones. The proportion of potash defic-

ient g0ils in the southern half of the County was 107 less.



The tolerance of crops agd pasture to acidity is exemplified by the figures below
from Lissens Moss farm, Dalry, where varying preportions of clay and moss oocur‘in
most fields, Where the clay predominetes in the socil, creps do well, but where the
brown unchanged moss predominates, crops, as well as pasture, fail. The figures are
for soil samples taken from a three-acre ares in-a field typical of the district.

Soil Class. Loss on Ignition. pH Pa0g K570

Clay 24.5% 4,62 2.0 22,0
Black moss 71.4 3.98 .5 26.8
Brown " 64,7 3.44 2.4 29,6

On this type of land satisfactory oat crops were obtained from the clay section,
and the betier grasses established themselves when sown; unless slag or lime were ap-
plied deterioration set in. On the black moss cats yielded more straw and less grain

then on the clay land, but superier sown grasses failed from the start. On the brown
R noss with abnormal acidity neither oats nor young grass seeds were able te grow,

ﬁonorally, my experiences in Ayrshire were that crops would grow on soils with

lewer pH values than those on which these crops failed in the Nerth of Scotland (33)
and in the English West Midland Prevince (40). While red clover, wild white clever
and vheat all failed in the North when pH values sank to under 5.3, and in the West
Mdlends (apart from white clover) befor§ a pH figure of 5,0 was reached, they grew
satisfactorily in Ayrshire down to a pH of 4.8; and on soils well supplied with phos- )
phate and potash wild white clover flourished at pH values of 4.5, the same figure as
reported for the West Midland Prevince. Swedes, however, failed at approximately the
same figure, around 4.7, s in the North, The swede critical pH figure in the Mid-
1§nds was 4.9, Potatoes and oats were commonly found thriving in Ayrshire on soils
vith pH values just over 4.0, whereas in the North failures occurred in these crops
before the figure had sunk to 4.5; and in the West Midlands at 4.2. The Ayrshire
intensively manured soils, such as were found in the early potato growing aréas,
appeared to have the ability to grow good crops at lower pH values than those at

Waich they failed on the 1oss-woll-mahagod soils in other parts of the County. The



71

beneficial influence of heavy phosphate dressings in reducing toxic effects of soil
acidity, without raising the pH value, has been reported both by British (41) and Am-
erican investigators (42). The poisonous effects appear to be eliminated by precipi-

tation both in the soil and in the plant of aluminium and possibly other compounds,

1941 - 42 SURVEY,

During the second half of 1941 and early months of 1942 a special survey of 221
South Ayrshire farms of all sizes and types, and selected at random from each ¢lass,
vas made in order to ascertain their general condition and requirements, including the
amount of land under rotation, the possibilities of increased crop production and of
the maintenance of increased numbers of livestock, the need for lime, manures, drainage,
buildings, etc., as well as the area of land which could be reclaimed from rough graz-
: ing. The holdings before the random solectiﬁn were classified according to size, and
10£ were taken from the 5 =50 acre group, 15% from the 50.- 100 acre group, 20% frem
the 100 - 150 acre group, 25% from holdings over 150 acres, and 25% from farms consist-
ing of reugh graziag only, fhe sample accordingly included approximately ome-sixth of
all holdings over 5 acres and represented one-fifth of the total agricultural land of
Squth Ayrshire, The general cendition of many of these farms had been greatly im-
Provedvduring the preceding ten years with liberal manurial and lime dressings, while
little had been dons on a number of others to increase their productive oapaoity. In
conjunction with this survey three soil samples, on the average, were taken from each
holding, Generally on the dairy farm one sample was taken from land being crepped at
the time, one from land recently laid down to grass, and one from land which had been
longer under pasture, and was to be put through a course of cropping at an early date,
- On cropping farms or when the land was only a short time in graes the samples were
208tly taken frem the land under crep, and on holdings under ten acres in extent only
one‘samplo was genmerally required, as ‘the manurial treatment and cropping had usually
been uniform, On larger-sized farms or when special conditions rendered it advisable,

additional samples were taken, the chief aim in all cases being to get as tswme a picture
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as possible of the soil conditions of each holding from a limited number of samples,

Examination of these soll samples showed that on most farms pH values were higher
ihan was the case ten years before. On only a few farms were samples of under 5.0 pH
encountered, and such so0ils were generally confined to marginal land or reugh grazing
6n such farms, while a very large number of soil samples on the better managed farms
bad pH values of over 6,0. The arithmetic mean of the pH values for all soils taken
in the course of the survey was 5,50, the figure on the best farms approximating te
6.0, while 6n the most neglected farms it averaged 5.1, A selection was made of well-
managed farms throughout the area, where liming had been regularly bractisod since
1930, and amounting to 10% of the total number,‘and a further 10% selection was made
comprising those on which little or no lime had been employed, aﬁd each of the latter
being comparable in soil type to, and in many cases adjoining, a counterpart of the
other group, The 'mean' pH value of all the soils taken on the better farms was 5.93,
and that of all soils tested from the poorly-limed farms was 5.15. On potato-growing
farms, where values of under 5.0 were the rule ten years previously, they were now
the exceptién. In spite, however, of the amount of basic slag and ground rock phos-
Phate applied in the interval, the 'available Py05' figure had only risen slightly,
indicating that 'phosphate-fixation' had taken place in such a way that the routine
analytical methods failed to detect such added phosphate as 'available' phosphate.

The condition of the grassland on the individual farms was found to be a reliable
indicator of the general fertility of the farm. The prevalence of Agrostis and Holcus
in‘tho fasturos denoted soils with definite lime requirements, large quantities of
Agrostis being present with pH values of 5,0 or under, while little or no Agrestis and
Holcns"as found with a pH of over 6,0, On most faéma the lawest pH figure was found
°n ploughed land or old grass due for ploughing, and the highest on land recently sown
out, This resulted from the practice recommended to, and adopted often by, farmers in
, Tecent yearaﬁf applying lime when sowing out to grass; the land, which had been many

Years in grags, having been laid down before the farmer had cemmenced liming his sown-



out land as part of his normal farming practice.

The soil samples taken in connection with this survey totalled 673, and, as a
ruio, only one sample was taken from th; rough grazings on each farm, even where these
were of greater extent than the arable land. When the rough grazings area was small
relative to the size of the holding, the samples were confined to the improved land.
The'arithmetic mean' @ all pH values was 5.50; excluding marginal and rough grazings
soils, we oblain a figure of 5.60 as the 'mean' pH of all arable soils sampled. The
parishes with the highest 'mean' pH values are Girvan (5.81), Ayr (5.71), Dalrymple
(5.65), Kirkoswald (5.63), Dailly (5.62), and Stair (5.61), and those with the lowest
'mean' pH values are Barr (5.15), Dalmellington (5.16), Muirkirk (5.24), Straiton

(5.28), New Cummock (5.29), and 0ld Cumnock (5.29). The latter list contains those

- parishes with the greatest proportions of marginal land and rough grazings; the former

list includes those parishes with relatively small areas of marginal land and/or rough
grazings, The number of farms where production was suffering from insufficient em-
ploymenf of manures and lime was 56, while a further 52 were using satisfactory dress-
ings of uanur;s but were neglecting to lime, and were, therqforo, not deriving full
benefit from the manures applied: under the latter condition the pastures were suffer-
ing in yield much more fhan the arable crops, That is to say, production on 25% of
the farms was under the maximum through lack of both lime and other manures, and 23%

were suffering from lack of lime only. On a much smaller number of farms defective

~ drainage was affectiﬁg production, and on some of the beiter hill land production was

suffering from the spread of bracken, On one half of the farms, therefore, soil fert-
ility was at a high level, and only slight increases in preduction could be obtained
by drainage operations or by manuring and/or liming,

It was found in the course of this survey that a proportion of the land classi-
Tied as rough grazing was superior to land classed on other farms as 'crops and grass'
aad was capable of being raised to the 8crops and grass' category through manuring

and/op ploughing and reseeding. An area of approximately 4,500 acres was capable of



easy improvement, drainage being enly required on small sections, This area is apprex-
imately 7.6% of the total of rough graziags surveyed, and, if improved, would have the
effect of rgising the 'crops and grass' acreage of the total area surveyed by approx-
imately 15%, To reclaim a further equal area of rough grazimng more extensive drain-
age operations would be required as a preliminary step, and the time and expense re-
quired would be much greater,

The following tables summarize some of the survey results:-

Parish., Total creps Acreage surveyed. Badly Farms Deficient in Soils Mean

and grass. crops rough drained, sur- manures lime sam- pH
acres & grass, grazing. acres 4 veyed. & lime. only. pled.
Ayr 8600 1586 2 24 1.5 19 2 2 45 5.71
Monkten 2300 252 - 3 1.2 3 1 1 8 5.48
Tarbolton 10254 1976 57 98 5.0 16 5 2 49 5.57
Coylten 7524 1727 1071 36 2,1 13 4 3 39 5.56
~ Dalmellington 944 261 982 135 51.7 2 2 - 7 5.16
. Dalrymple 4593 875 1216 127 15,5 6 2 1 18 5.65
- Aughinleck 6432 1168 4300 258 22.1 10 4 3 28 5.50
Muirkirk 3361 606 6730 74 12.3 6 3 1 16 5.24
- New Cumnock 12183 2483 6366 348 14,0 15 7 3 48 5.29
Ochiltree 10502 1946 273 373 19.2 14 4 5 45 5.49
0ld Cummock 9087 1525 611 343 22,9 13 3 4 37 5029
Stair 4710 1016 21 32 3.1 8 2 1 22 5.61
- Ballantrse 6100 990 3145 66 6.7 T 2 2 20 5.45
. Barr 3264 533 8848 54 1:0.1 6 2 2 20 5.15
Colmonsll 12604 1985 6363 176 8.9 19 2 4 55 5.53
Dailly 5191 1336 2039 59 4.4 8 2 2 25 5.62
Girvan 5363 963 2518 20 2.1 6 - 1 22 5.81 -
Kirkmichael 10476 2428 537 225 9,3 13 4 5 48 5.44
Kirkoswald 8341 1955 519 57 2,9 1 3 - 38 5.63
- Maybole 15234 3527 217 nié 2.1 _1}. 2 _g gg 'Ej:_gg_
Straiten 5490 910 11613 _148 16,3 _
: T52553 30048 58528 2772 9.2 221 56 52 818 550

It will be observed that the tetal aroa‘survoyed was almost 90,000 acres, of
vhich fully 30,000 acres were improved land, generally fit for cropping and classed as
‘erops and grass' in the agricultural returns. There was practically no land outwith
the ‘creps and graas' category in the parishes of Ayr; Monkten, Stair and Tarbeltion,
%hile in Barr, Straiton and Muirkirk the rough grazings exceeded the ‘ereps and grass'
rea b& more than eleven times. The other parishes in which the rough grazings area
Burveyed was higher than the improved land area were Colmonell, Ballantrae, Dalmell-

lugton, Auchinleck, New Cumnock, Girvan, Dailly and Dalrymple.
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The aroa. under crops and grass on which production was suffering seriously from
lack of drainage or defective drainage was 2,772 acres, equal to 9,27 of the total
acreage of improved land surveyed. The figure varied from under 2% in Monkten and
Ayr parishes to over 50% in Dalmellington parish, the next highest parish figure ob-
tained being 23% in Auchinleck and 0Old Cumnock, 19% in Ochiltree, 16% im Straitom,
144 in Dalrymple and New Cumnock, snd 12% in Muirkirk.

The following tables give a comparison of the three pH values taken on 107 of
the farms surveyed where liming had been regularly practised, and of those of a fur-
ther 107 on which very little liming had taken place, each being comparable in soil

type and farniing practice with a farm in the other group:-

Regularly limed. 'Mean pH'
pH values.

“ Trees, Ayr, 6006 5018 5.54 5.79
o DoonhOIm, Ayr. 6.76 6007 5.95 6026
- Fulshawwod, Ayr, 6,22 5.88 5.78 5.96
~ Moagbog, Tarbolton, 5.95 5.76  5.85  5.719
Raithhill, Coylton. 6.28 5.80 5.50 5.86
Bogside, Coylten. 6,40 6,16 6.04 6.20
Auldhouseburn, Muirkirk. 5.61 5,61 5.56  5.59
Brashead, New Cumnock. 5.95 5.8% 5.31  5.70
Gatehead, " . 5.78  5.59 5.50 5.62
Barshare, 0ld Cumnock. 6,20 5.77 5.50 5.82
Carston, Ochiltree, 6.07 5.88 5,69 5.88
Lessnessock, Ochiltree. 6.34 5.78 5.57 5.90
. lewhill, Stair. 6.43 5.75 5.55 5.91
Muirsten, 6,01 5.90 5,81 5.91
Boghouse, Colmonell, 6.30 5.94  5.85 6.03
Balluskie, 5.90 5.85 5.81  5.85
Hawkhill, Dailly. 6,84 5.78  5.63 6,08
Balocamis, " 6,07 6,02 5.75 5.95
Brumbeg, Kirkeswald. 6,68  6.52 5.99  6.40
Dalduff, Maybole. 6.09 5.97 5.85 5.91
Yhitefaulds, Maybols, 6.59 6.20 6,02 6,27

Malcolms . 8 5.61 5.19
mee e 3% OHR O3B

The 'mean pH' of the 66 soils from these farms regularly limed durimg the past
tea years was 5.93. Eien on these farms certain fields had not been recently limed as

shown by the 5.31 pH on Braehead, and 5.50 on other faras. At Drumbeg, where all fields

Sampled had been recently limed, the lowest figure was 5.99 and the highest 6.68. At

Yhitefaulds and Bogside most fields have been 1jmed several times im the last twenty



years, and this is reflected in 'mean pH' figures of 6.27 and 6.20 for these farms,

Iiming Not Practised.

pH values. 'Mean pH'
Newlands, Monktonm. 5.50 5.37 5.05 5.31
Blackhill, Ayr, 5.26 5.24 4,76. 5,09
Enterkine, Tarbolton, 5,16 5.15 4,81 5.04
Barmoorhill, " 5.56  5.29 5,26 5,37
Shalloch, Coylten, 5.26 5.13 4,98 5,12
_~ Carnochan, Straiton, 5.37 5.1% 5.09 5.20
" Cressflat, Muirkirk, 5,26 5,11 4,82 5.06
Tardoes, " 5.47 5.00 4,95 5.14

- Merkland, New Cumnock. 5.47 5.13 4,70 5.10
Nether Guelt, Cumnock, 5.11 4,72 4.41 4,75 .
Brumbowie, Ochiltree, 5.28 5,21 5.14 5.21
Borlandmains, Cumnock, 5.24 5.19 5.09  5.17
Knockshoggle, Coylten, 5.50 5.31 4,90 5.24
West Tarelgin, Ochiltree. 5,26 5.24 5.15 5,22
Spenceton, Colmonell, 5.40 5.16 4.95  5.17

Ballaird, " 5.31 5.29 5.13 5.24
Dinmurchie, Barr. 5.21 5.03 5,00 5,08
Balgaveris, Dailly. 5.29  5.26 5,17 5,24
. Barnford, Kirkmichael, 5.28 5.00 4.85 5.04
“Kileekie, ~ 5.47 5.31 5.17 5.32

™

Broomknowes, Maybole, 5.37 5,06 o7 5.06
Burnton, Dalmellington. 5,59 5,16 4,94 5,23
'Mean' © 5,35 5,16 4,96 5,15

The 'mean pH' of the 66 soils from the farms where little or no liming had been

>

done in recent years was 5.15; 207 of the samples were under 5.0. A few of the fields
on these farms or portions thereof had been limed or slagged some time previously,
vhich explains the higher figures for individual soils at Newlands, Merkland, Knock-
shoggle, Kileekie and Burnton. On most of the other farms with low pH figures and
. only a small range in pH, none of the soils sampled had been limed or slagged, It may
be added that, at the time of the ‘survey, lime had been delivered to some of thesse
farms and ordered for others fof land recently sown out to grass after a course of

Sropping. vAn improvement in the soil pH figures on many of these farms can be ex-

Pected in the near future.

The following tables show the pH range for each of the South Ayrshire parishes,
ad the number of soils sampled therein for the survey included in each .l range of pH
(tor oxample, the figure 5.2 signifies the range 5,20 - 5,29 inclusive), and also the

Dumber of soils with high, medium, and low Pp05 and K0 figures in each parish:-



37:38:40;42;43;44;45;46;47;48;49;50;51352;53
Menkton . , : , 1 3
Ayr 1 3 2
Tarbolton 1 3 2 5
Stair 11 3
Coylton 1 1 21 3 4
Dalmellington 3 l 2
Dalrymple
Auchinleck 11 1 4 3
Muirkirk 1 4 2 2
New Cumnock 1 3 1l 1 1 4 3 410
Ochiltree 1l 2160 5
01d Cumnock 1 2 2 1 216 3 1
Kirkmichael 1 2 5 5 8
Kirkoswald 1 1 1 3 3 3
Maybole 11 1. 2 2 6 4 5
Straiton 5 7 2 &4
Dailly 1 3 4
Girvan 1l 2 2 2
Barr . 1 1 1 2 2 4 3
Colmonell 1l 1 1 1 -3 2 3 4 2
Ballamtree  _ _ _ _ _ 1 _1_ 2221

Totals 1 1 1 1 4 4 5 4 6 7172951 61 65

P205; - High; Medium; Low, Ko0 = High
Monkton - - 8 -
Ayr 8 9 28 9
Tarbolton 1 9 39 1l
Steir - 1 21 -
Coylten - 4 35 8
Dalmellington - - 7 4
Dalrymple - - 18 4
Auchinleck 1l 2 25 -
Muirkirk - 3 13 2
New Cumnock 5 7 36 12
Ochiltree - 4 41 5
0ld Cumnock - 3 34 6
Kirkmichael 2 11 2{ 8
Kirkoswald 12 5 10
Maybole 19 15 32 8
Straiton 1 6 15 5
Dailly 6 8 1 5
Girvan 9 5 8 12
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63 4434181311 8 6 4 2 1 1
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7 P205 continued .
31 High; Medium; Low
34 Barr 6 4 10
17 Colmonell 10 16 29
19 Ballantrae §5 1 14
; Totals 8_3_ 115 480
ig Ky0 continued,
22 High; Medium; Low.
21 Barr 8 4 8
20 Colmonell 22 21 12
24 Ballantrae 14 -6 -
fé Totals 143 173 362
12
17
6
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It will be observed that the soils range in pH frem 3,7 to 7.3, 79% of all sam-
ples falling between 5.10 and 5.99, and 60% lying between 5.20 and 5.79. Almost 50%
of the soils have pH values of under 5.50, mearly 29% being under 5.30. While at this
lower figure, Ayrshire arable crops (apart from beans) are not likely to suffer much
from soil acidity, the best results from pasture cannot be éecured, and it ean be con-
clqded that these _29% of soils are incapable of giving their maximum production when
under pasture, though many of them will yield satisfactory arable crops.

In classifying the soils into high, medium and low categories for P205 and K,0
coi;tent, 7.0 mgn./loo gns, of soil has been taken as the division between medium and
lov 'available' P05 and Ky0, and 14 mgm. as the division between high and medium, I
have found in Ayrshire that yields generally suffer if phosphate or potash is omitted
from the manurial dressing when the quantity of the 'available' constituent is given
a8 less than 7 mgm, Between 7 and 14 mgm, one or {wo crops may be taken without sup-
plying the manurial constituent, but it'is only where figures of over 14,0 are obtained
that crops can continue to be gregn for several years without supplying the manurial
ingredient in question. I¢{ will be observed that more soils show deficiency in P205

than in K50, 70.87% being in the low P,05 group compared with 53.4% for low K,0. Med-
| ium P205 figures are returned by 17% of the samples, and high figures by 12,3% of the
samples, these high figures being mostly confined to potato-growing soils. Medium
K0 figures are given by 25.5% of the soils and high K0 figures by 21,14, If the
fﬂ_lr northernmost parishes, Hénkton, Ayr, Tarbolton and Stair are compared with the
fﬂt{:‘ southernmost, Girvan, Barr, Colmonell and Ballantrae, it will be observed that
fho! are much more deficient in potash, and considerably poorer in available phosphate
than the latter, Of the 123 soils sampled in the nerthern parishes, 95 or 11.8% are
lev in phosphate, and 98 or 79.$% are low in potash, while only § or 7.2% are high in
Phosphate’ and 10 or 8.1% are high in potash. In the southern parishes, of the 117
Seils sampled 61 or 52'1% are low in phosphate, and 26 or 22,27 are low in potash,

vhile 28 or 23,9% are high in phosphate and 56 or 47.9% are high in potash. These
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figures are in accordance with the results of experiments conducted in these areas be-
tween 1924 and 1939, when basic slag was found to act well without being supplenented
with potash in the southernmost parishes, but had te be accompanied by a potash dress-
ing on most Central and North Ayrshire farms for the full (and in some cases, any)
benefit to be secured.

| It has been previously mentioned that phosphate-fixation renders it diffiscult to
decide whether soils returning lew 'available Pées' figures will respond te phosphate
dressings, and that phosphate-fixation appears to be less when the pH figure is high,
A survey and an examination of soil samples does not afford a reliable method of invest-
igating this questien, as it is complicated by two facters, viz, the fact that most
farmers who lime well generally apply also liberal dressings of phosphate in the form
of basic slag or ground phosphate, and that potato-growing soils are those which show
the highest available P205 figures, due te the liberal dressings of phesphate given
yoar after year, As such soils also receive liberal sulphate of ammonia applications,
the pH values of such soils are not generally high, even in cases where high P,05
figures are returned. On seriously lime-deficient soils the phosphate accumulation
mey oftdn be great, through crops being unable on account of high soil acidity te grow
satisfactorily, end take up the necessary phosphate for a full crop.

The fellowing figures are of interest, however, as they are from the Brackerhill
replicated plots laid down with swedes in May, 1940, certain plets being limed and
'basic' and 'acid' msnures being included in the manuring scheme, Though more P@Qg
¥as removed in higher crop yiel&s from the plots with the higher pH values, the 'aveil-

able P205 figures returned were generally higher on the higher pH plots., Results

Were:-
Treatment. pH Py05 (mgm./100 gms. seil).

Control 6,31 2.0

'Acid' Manure 6.19 5.3

'Bagic' " - 6,43 4,7

'Acid' Manure *+ Lime 6.73 5.7

'Bagic' " + " 6.96 6.5



AGRONOMIC INVESTIGATIONS: REQUIREMENTS AND METHODS.

I have described above some of the investigations conducted by me, in which the
inter-releted effects of manures on soils and of seils oﬁ crops and grassland have
been studied‘and recorded, replicated plots being emplbyod in most cases, se that the
results could be subjected to statistical amalysis, In addition I have studied gener-

“ally the conditions on Ayrshire farms, and have alsc made a specisl study of the cen-
ditions on a random selection of South Ayrshire farms, and find that the state of the
pastures on @ farm usually reflects the efficiency of the farmer, and thai the con-
ditions and problems on the experimental and investigational arees are applicable to
much of the land,in Seuth-west Scotland,

It is generally accepted that in agronomic investigations the inter-relation
between soils and crops, as affected by environﬁont, climete, manuring, etc, must be
taken into accoﬁnt. The existence of agronomy depends on the acceptance of the view
that knowledge is to be gained by experiment. This involves study in the field with
an anontrollabla setting, which is more difficult then in the laboratory‘or glass-
house, but is nevertheless essentiel, It may be necessary to augment field work by
speciel glasshouse or laboratory investigatien, but while "We may learn much by chem-
icel analysis and pot-cultural work, the final enswer to our quesiions esm be obtained
only in the field" (43), Stapledon (44) has also pointed out that research in egronmomy
is research in the field, and its aim éhould be to study all facters which are oper-
ative at once and together, end in their nmatural interplay. The investigation does
ot only seék to apply scientific knowledge to the practical problem, but also to
esteblish new knowledge. Though the agronomist on finding himself at a crossroads or
Beeting plgc, of several sciences (45) may select a special branch of advanced re-

search, it is very important that he should be able to maintein a broad generalised

outlook and a proper sense of balance.

Scientific method, as outlined by Brierley (46), involves five essential steps:

1, Observetion. . .
2, Perception of relationmship.
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3. Inductive roasoniné leading to a provisional working hyéothosis.
4, Experimental testing of hypothesis.
5. Elevation of the confirmed hypothesis to principles of generality.

The farmer, especiallyvif observent and intelligent, ead carry out the first
three steps, and may thereafter without having conducted properly éontrollod experi-
;wnts, reach certain general conclusions, to which he endeavours to give effect in his
prdctice. His lack of training in scientific method and in thg layout of accurate ex-
perimogta, end his want of lsboratory and other fecilities generally precludes his
- activities as regards the fourth step. | |

As Trumble has stated (47), the agromomist ié faced primarily with a practical
problem, to which economic considerations are generally attached, He must also have
en understending of ecology, soils, climatology end bielegy, as well as of statisticel
methods. His task is to analyse the agricultural problem in terms of the many inter-
acting factors of soil, climeste and biolegy, including menegement, and to understand
the role of limiting factors in their relation to the field complex.

In field investigations the inteéacting factors often render it difficult to get
\direct comparisens of single pairs of factors. For example, in grassland investigations
the influence of a scheme of manuriel treatment may be to render the herbage more pal-
at;hle to stock, so that it is kept very closely grazod, while the herbage under the
other treatment ﬁay be ‘allowed by the grazing stock to become rougher. Whether the
mowing machine is used or not in an attempt to more nearly maintain comparable con-
ditions between the treatments, the conditions and effects of grazing camnnot be ident-
ieal on both sections, as mowing, light grazing and severe grazing have different

effects on the seme sward. The comparisen must accordiﬁgly in sgricultural problems
often be one between the productien (including yield and feeding velue) of the indiv-
idual plets, es resulting from the effects ef ecologicel, climatic and oft-times com-
Plicated conditions erising from the plent-animalccemplsx.

In the studies and investigations which I hafe conducted and described above, I

have through close and continued observation, while Organiser for Ayrshire, detected



82

cgrtain practices of soil manuring and menagement on the one hand, and on the other a
?ertain state of soil fertility, as éenoto@ by the conditien and yield of grassland
end arable crops, The problem which I had was to test out acouratoly'theae ﬁypothesea,
arrive at certein comclusions, and at the same time, or thereafter, by demonstratien

endeavour to have the results incorporated in improved farm practice,

DISCUSSION OF RESULTS.

The results reported herein indicate the importance of phosphate end lime for
the successful establishment of good pasture on Ayrshire soils, Where phosphate had
. been previously applied in liberal dressings of mixed menure, as at Hunterston and
"Herriston, the addition of lime enabled the beneficial results on the sward to be
secured. With a pH value of 3.9, great benefit from liming accrued also to all crops,
including potatoes. The 1924 liming effects were very marked on the Hunterston hay
crop and aftermath in 1939, With a soil pH of 5.0 at Morriston, potato and oat yields
only benefitted slightly from lime applications, but much benefit accrued to mangolds,
swedes and hay. The limed plets yielded a herbage of higher Ca0 content, and therefore
of greater nutritional value to farm stock. |
| The seed mixture used had a limited effect on the composition of the sward, its
influence being confined to the early years of the pasture. On the other hand, :?il
reaction had the greatest effect on the sward later, the differences between treatments
being clearly visible, while seed mixtures plots' boundaries could not be detected.
Even grazing strains showed only slight differences in sward establishment from commer-
¢ial strains of grasses, While Wyllie Fenton has stated that the nature of the seed
mixture chiefly determined the botanical composition of rotatien grasslands, and ﬁhat
older grasslands are mainly influenced by manurial, liming and/or drainage treatment
lhd’gengral management, my investigations have shown that in Ayrshire the soil con-
dition, especially in regard to lime and phosphate, is of prime importance, the seed

Rxture being only of secondary importence, especislly after the second year.
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It was found possible by the use of basic nahuros (basic slag;'ground rock phos-
‘phato, nitrochalk and calcium cyanamide) to iaintain erop yields at approximately the
seme level as with superphosphate and sulphate of ammonis during the cropping rotation
on & typical Central Ayrshire farm (Brackenhill), while bringing the soil into better
condition as regards lime and phosphate content for the growth of paeture in later
years, Such pasture was of higher feeding value due to higher Ca0 content. Further
improvemoﬁts in yield and nutritional velue resulted from the appliéition of lime when
sowing out to grass, and its beneficiel influence in raising the surface soil pH, The
beneficial influence of basic manures was not unexpected in view of}the generally
lower base status of Ayrshire soils, coﬁpared with those carrying natufally good
pastures in other parts of the country, |
, In the Brackenhill experiments (and on uplend Ayrshire farms, generally) the
:ffect of taking a roei crop in order to clean the land in proparﬁtion for sowing down
to grass was evident in the hay crop and first year's pasture, but not to0 any extent
in latéfyears, where the soil was in pbor condition or deficient in lime. Where the
PH velue was too low and/or phosphete was lacking, inferior grasses, chiefly Agrostis
and Holcus, replaced the sown plants, which soon became weak and died out. The liming
of lend deficient in phosphate enabled the sown plants to survive, but their product-
ivity was lew in the absence of phosphate. On the other hand, phosphate applied as
slag gave e svard'of healthy appearance, as well as of satisfactory botanical anelysis,
high in nitrogen, P205 end Ca0 content, end comsequently of high nutritional velue.
With inferior old swerds at Brackenhill, Knoweside and Genoch, greeater i-provomohts
were achieved through ploughing, liming., manuring end reseeding than through the liming
wnd manuring of the old sward, which contained only an extremely low proportion of
useful herbege plants. ‘

fhe normsl amount of lime dressing (2,000 - 3,000 lbs, CaO per acre) recommended
t0 farmers generally bensfitted the oat crop, in addition to the grasses end clevers

Seeded thereyith, When a heavier dressing was employed, the benefit teo ihe grasses
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continued right up to a pH value of 7,0, but the cats suffered in yield as the soil
pH approached neutrality. 'When lime was applied to the sew-out in the late autumn
after the nurse crop haﬁ been harvested, it had little effect on the yield and com-
positien of the hay in the follewing year, and the sward was only slightly influenced
during this first year, In the no;t two years, however, the influence of the lime and
phosphate on the herbage became marked. The conirel plots and those unlimed plets re--
ceiving 'acid' manures deterierated greatly during that peried, whilst the others
- ghowed relafiiely little change, thereby demonstrating the importance of naintaihing
(and, preferably, improvimng) the base status of the surface layers of the soil,

In the Brackenhill latim square plots, as was to be expected, the use of lime
~ and basic manures, both separately and tegether, raised the soil pH, mainly in the top
layer, The limed soctieﬁs and the basic manure sections showed at the end of throe“
years a higher pH in the top 3" than in the next 6", while the acid manure (unlimed)
and control sections showed s lower pH in the top 3" than in the next 6", The botan-
ical enalyses figures were correlated to the pH values of the top 3", just ever 30%
useful plants being present at the end of the three years on the acid manure plots
(vith pH values in‘tho top 3" of approximately 5.0) and‘ovor 70% useful being found
" on the basic manure plus lime plets,'vith pH figures approaching 6.0. At a surface
. layer pH of 5,5 the superier herbage plants and the inferior plants were in approxim--
stely equal proportions, Om the turnip crop the basic manure has given significantly
better results. While raising of the soil pH to over 6.5 in the top 3" deprossed the
sat yield, it reduced the proportien of imferier plants in the sward from seeds sewn
therewith, Accordingly, et the commencement of the first year's pnstﬁre only 30% of
inferior plants are present on the plois (acid manure) with thé lowest pH values,

4

Thess approximate, however, to 6.0 in the top 3" of the soil.

That effects of previous lime and phosphate treaiment can continue for several
Years was shown by the slag residual effects obtained on Carbelle and other Ayrshire

farms, where the relative values of various basic slags were investigated. On the



85

merginal cropping land at Carbello, also, the great benefit to the pasture later of
giving in addition te the phosphate requirement, the full lime requirement to N pH of
7.0 in the top 9"y even although this required an extraordinarily heavy lime dressing,
vas obvieus. The natural deficiencies of most Ayrshire soils in pPhosphate and lime
enable good results te be obtained from the use of basic sleg, and such soils have
proved suitable for testing out the reletive availabilities of the phosphate in various
types of sleg and ground roc_k phosphate.
Observations mede previous to 1941 end experiments conducted on Ayrshire farms
- had sixown that many soils were yielding good oat and/or potete creps, but were only
proaucing second~- and third-rate pastures. Wheat and 1.'ed clover failures were also
oecg;ing on certain areas, where pH velues had fallen to under 4.8. Low phosphate
figures were general over the county except on intensively manured potato-growing
lands, phospixate-fixation being apparently a contributing factor. Low potash figures
‘were most common in Central Ayrshire, occurred regularly in parts of North Ayrshire,
and were least common in the south of the county. The crops en intensively-manured
8oils with high P05 content appeared to be able to tolerate relatively low pH values.
The 1941 - 42 survey of random selected farms, constituting one-fifth of the
aree of South Ayrshire, showed that there were still farms, where prodﬁction was suffer-
ing definitely from lack of lime and/or manures, and others contrasting sirongly with
these, where little increase in proéuction through manuring could be expected, Though
& general .improvement in pH values had taken place during the previous ten years, there
were considerable differences between well-managed and badly-managed farms on similar
land, The best-managed farms had ‘mean pH values' of over 6,0, while farms on which
liming had been neglected averaged 5.0. Over 70% of the soil samples showed low
‘availgble’ phosphate figures and over 50% low potash figures, the phosphate-deficient
soils eccurring all over the area, while the very low potash soils were confined mainly

to the parishes between Ayr and Mzuchline, very few being found in the four southern-

"8t parishes,



CONCLUSIONS,

The cpnclusions te be drawn from these investigations and observations are that
on the éoils of upland dairy farms in Ayrshire, as well as on cropping farms at a lewer
elevation, a'natisfactory supply of phosphate and a satisfactory base status, as de-
noted by pH values approximating to 6.0, are of prime importance for the establishment
end survival of the superior herbage plants, On account of exteneive land reclamation
and drainage schemes end the eadoption of manuring, Ayrshire agricultural seils ere in
many cases fer removed from their primeval ﬁatural conditien, Irroapectivo.of their
origin and natural profiles and properties, all Ayrshire soils in their present con-
dition demonstrate this need fer a satisfactory base end phosphate status, such as may
be secured especially by lime and basic slag applications, if maximum productivity is
_to be maintained. Under the conditions preveiling in all the cases discussed (and in
other experiences of the writer) the composition of the grass seed mixture eﬁployod
vas of relatively small importance. All mixtures were successful where the soil was
‘satisfactory in regard to lime and phosphate, and all failed where it was not satis-
factory, A sufficient supply of phosphate and a satisfactory pH value are essential
for success, If the pH value initially is 5.0 or less, liming is definitely required
it o first clads sward is to be secured and meinteined, The evil effects of not using’
lime can be obviated to a grast extent, but not eomplétoly, by using basic slag as the
source of phosphate, and nitrochalk or ‘calcium cyenamide as the source of nitrogen.
"hnuring with such 'basic' manures during the rotatieh has proved a much better prep-
aration for good pasture thereafter than the employment of the ordimary ‘acid' man-
ures, sulphate of ammonis and superphosphate, Basic slag has proved vsluable for.
rops and pastures on Ayrshire soils, high solubility being important espociallﬁ
vhere limited dressings are used.

The application during the rotation te poor land of the quantities of manurial

Constituents shown to be necessary by soil analysis has provgd very beneficial with

lasting effects on the pesture. In this way again suitable manuring (including liming)
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during the rotation has proved a good preparation for pasture, the conditien .of which
has been shown to be clesely related to the soil reaction and phosphate status. By
suitable manuring during the rotation typical Ayrshire soils can be successfully im-
proved in phdspha‘to and base statms for first class pasture to be secured and maintained,

If the pH value of a soil is much over 5,0, little benefit accrues from liming
to the oat or poteto crop, and this fact has been responsible in the past for many
farmers overleooking the need for lime, when laying down land to pasture at the end of
a rotation, Taking a cleaning crop during a cropping rotetion on land deficient im
lime and phosphate is of comparatively litile value to the pasture afterwards, if the
lime requirement and phosphate deficiency are not remedied when sowing out. The sward
ebtained is that suited to the soil conditions, The success attending direct reseeding
of poor land can only be ol;tained also, if soil deficiencies are met, Under satis-
factory conditions swards containing over 75% superier plants were obtained, while
through neglect to remedy the lime and phoapfxate deficiencies a sward with over 75%
inferior plants resulted. On land intensively cropped and manured, and with a consid-
erable phosphate reserve, lime by itself will be effective in securing a good svard.;
Properly treated, lend net enly gives a higher yield of herbage, but also a sward of
greatly increassed value for productien purposes,

The most productive farms with highest crop yields and best pastures, as shown
by the 1941 - 42 survey, were those where the soil pH values, through attention to lim-
ing, were in the region of 6.0. The poorer crop yields and inferier pastures were
found en these farms, where, through neglect of liming, soil pH velues approximated to
5.0. The general need for potash dressings in certain Central Ayrshire parishes in
order to secure the full benefit of lime and phosphate spplications, a need seldom
trising in the southernmost parishes, was confirmed by this survey. Generally speak-
ing, the soils of Ayrshire have been improved in pH during the past ten years, The
hpronmnt in 'available' phosphate is pot so evident, as it cannot through phesphate-

Haation be detected accurately by the present analytical methods.



88

N

ACKNOWLEDGMENTS,
The previously published literature bearing on the subjects of these studies
has beén perused, and a list of references is appended,
The writer desires to thank Professor McArthur of the West\ of Scotland Agri-
cultui'al College Chemistry Department and his staff fer the facilities granted in
these investigations; and also all farmers who allowed areas of their agricultural

land t0 be used for experimental and investigational purposes,




89

REFERENCES,

1, Stapledon, Sir R,G,; The Land Now and Tomorrew, p., 81.

2, New Statistical Account of Scetland, V. 151,

3. Chalmers' Caledonia, Vel. 6, p. 474.

4., Graham, H, Grey; Social Life of Scotland in 18th Century.

5. Robinson, G.W.; Soils, théir Origin, Constitution and Classificatien, pp. 359-360.

6, Elder, S, & McCall, R.J,5.; A Study in the Mineral Compositien of South Ayrshire
Soils; J. Agr. Sc. XXVI, p. 5, 1936,

7. Dennis, R.W.G., & O'Brien, D,G.; Boron in Agriculiure, W, of Scot. Agr, Coll, Res.
Bull, No. 5, pp. 9-10, 1937, v

8, Geological Survey, 1929, Memoirs of the; Geology of North Ayrshire,

9., Rohimson, G.W.; Soils, their Origin, Constitution and Classification, pp. 55-56.

10, Permanant Committee on Basic Slag; Interim Reports 13th & l4th, 1935 & 1936,

11, Permanent Committee on Basic Slag; Interim Reporits 13th - 16th, 1935 - 38.

12, Hanley, J.A.; Need for Lime and Phosphate in Grassland Improvement: Report, Fourth
International Grass}and Congress, pp. 238-294,1937.

13, Somerville, Wm,; Manuring of Pastures for Meat and Milk: Min, Agr, and Fish. Misc,
Pub. No. 30, 1924, '

14, Stapledon, Sir R,.G,; The Land Now and Tomorrow, p. 136.

15, Moore, H,I,; Ploughing Up and Reseeding Poor Grassland: J. Mim, Agr. XLV, p. 234,

b,  and XLVI, p, 759, 1938 - 1939. ‘

16, Orr, John; Economics of Grass Cultivation: Report, Fourth Internat. Grass, Cong.
pp. 464-469, 1937. .

17, Jones, Martin G.; Grassland Management and its Effect on the Sward: Scot. J, Agr.
XVII.1l., pp. 46-59, 1934.

18, laird, Robert; Rotation Crepping on an Ayrshire Demonstration Area, W. of Scot.
Agr, Coll, Bull, 118, 1930.

19, Stapledon, Sir R.G.; The Land Now and Tomorrow, p. 78.

20, Stewart, A.B.; Phosphate Manuring and the Effect of Lime: Scot. J, Agr. 1939,
XXII.2, pp. 137-142.

21, Heddls, R.G., and Ogg, W.G.; Seil Nutrients in Relation to Pasture Maintenance
and Impravement: Fourth Internat. Grass, Cong. 1937, pP. 298-302,

22, Brenchley, W.E.; Correlation of Manuring and Botanical Composition of Continuoug
Hay Crops: Report, Fourth Internat. Grass, Cong. 1937, pp. 441-444,

23, Nisbet, A,F.R,; Some Effects of Lime on Ryegrass: Seot., J. Agr. 1935, XVIII,

24, nnﬁi%ffr?g?'; The Effect of Lime on Permanent Pasture: Scot. J. Agr. 1934, XVII,

25, Hug.g;,ziff?,’i'he Need for Lime on Ploughed-Out Grassland: University of Leeds
Report No, 115, 1920.

2%, WolshpPlant Breegingystation; The Temporary Ley, esp. pp. 141-142, 1939.

2], Findlay, Wm,; Temporary Grasslancé in the North of Scotland: Report, Fourth Iater.
G ‘ . 2 2‘2 . -

8, Smit;?a::u??ng;xdlzgg;rigon,31.l[z.’; The Influencosgg gg; Plgmt upon Seasonal Changes
i : J. . Se. 1931, XXI. pp. =03i. .

29, Colo:, sgfé.fcii:tgor:isiff C.G.T.?3Dohydration and Soil Acidity, Soil Science, XXIX.

_ 1 - ' v

3, 0"’932; g?é.fscgg;xic al Composition of Pasture and Feeding Valus, Trans. H, & A, S,

i, Fagﬁf9;',§f‘f.gﬁg.nzziﬁf.ﬁ.o.; Nitrogen a;n;:sl;ﬁ.neral:sggn;;;t of Grassland Preduce:
Repo ernat., Grass. Gong. » PP. - hd -

Y Shoﬂirtté.fogzglﬁtR.G., and Robertson, I.M.; Grassland Trials in South-east

. e

Scotland: Tranms. H. & A.5., 1939, L. pp. 75-80.




39.
40,

41,
42,
4.
44,

45,
46,

41,

%0

Hendrick, J,, and Moore, W,; Soil Reaction and Plant Grewth: Trans, H, & A.S.,
1935, XLVII, pp. 34-48. -

Armstrong, S.F,; Botanical and Chemical Composition of Herbage of Pastures and
Meadows: J, Agr. Sei. 2 (Part 3), 1907.

Smith, W.G., and Crampton, C.B,; Grassland in Britain: J, Agr. Sci. 6. pp. 1-17,1919.

Fenton, E, Wyllie; Influence of Sectional Grazing and Manuring on the Flera of
Grassland: Jnl, of Ecology, XIX. 1. 1931. pp. 75-97. ’

Fenton, E. Wyllie; Grassland Reirogression in Devenshire Permanant Pastures: Jal,

of Ecology, XXII, 1., 1934. pp. 279-288. .

Fenton, E, Wyllie; A botanical Survey of Grasslands in the South and East of
Scotland: Jnl, of Ecology, XIX. 2. 1931, pp. 392-409.

Welsh Plant Breeding Station; The Temporary Ley, p. 134, 1939.

Davies, W, Morley; Soil Reaction and Plant Growth: Junl., Roy, Agr. Ses., 100,
1940, pp. 20-34, _

Mann, H.H.,, and Barnes, T.W.; Fifty Years of Wheat and Barley Cropping in Acid
Soils, J, Agr. Sei. 1940, XXX. pp. 345-386.

Pierre, W, H., and Stuart, A,D.; Effect of Phosphate in Reducing Detrimental
Effects of Soil Acidity: Seil Science, 1935, XXXVI. pp. 211-224,

Thorne, C.E.; Presidential Address to American Society of Agrenmomy: Jul. Amer,
Soc. Agrom., 1915, T. pp. 257-265.

Stapledon, R.G,; Herbage Reviews, 1938, 6. 129-145, esp. p. 141,

Garber, R.J,; Jnl, Amer, Sec. Agren.,1939, 31. 993-1001, ,

Brierley, W.B,; Presidential Address, 1934: Annals Applied Biology, 21. pp. 351

Trumble, H,C,; Agromomy: Jnl. Austral. Inst, Agr. Sei., 9. pp. 167-173, 1943,

-3 780




91
APPENDIX OF TABLES.

LAY-OUT AND pH VALUES OF BRACKENHILL LATIN SQUARE HAY PLOTS,

(Top figure is pH value of top 3" of soils;
lower figure is pH of 3" - 9",)

Series 1, Series 2,
pH values: Octeber, 1939,

2 3 4 5 26 27 28 29
BL 0 A AL 0 A AL BL
4.95 5.29 4.76 5,09 5.09 5.09 4.91 4,98
4.91 5.13 4,91 5,09 5.41 5.19 5.40 5,17
T 8 9 10 1 2 4
0 BL B A gL g 33 i
4,93 4.88 5,09 4.98 5.13 4,98 4,78 4.76
5.33 5.05 5.05 5.35 5.33 4.88 5.23 5.43
12 13 14 15 36 37 38 39
AL B 0 BL BL 0 A B
4,97 5.02 4,81 5,00 4.83 4.97 4.83 4,91
17 18 19 20 41 42 43 44
B A AL 0 B AL BL 0
5.02 4,82 4,717 4.14 4,98 5.05 4,98 4,91
5.07 - 5.16 5,16 5,21 5,09 5.29 4.95 5,26
22 23 24 25 46 47 48 49
A AL BL B A BL B AL
5.09 4.83 4.81 4,91 4,83 4.93 4.90 4.88
5.45 5.40 5,16 5,09 5.19 4.95 4.93 5.31
pH values: Spptember, 1941.

BL 0 A AL 502 5A06 sAf; 63;3
5.79 5.20 4.92 5.93 23 . . .
5.23 5.13 5.02 5.27 5,30 5.16 5.27 5.23

0 BL B A 5A21 5316 5016 5A66
5.38 6,22 5.20 5.13 . . . 06
5,34 5.36 5.30 5.13  5.23 5.20 5.26 5.18

AL B 0 BL BL 0 A B
5. 34 5.5 5.32 6.55 5.1 5.1l 5.39

' 5,§i §,§3 5,20 5.16 5.49 5.3 5.22 5.29

5.23 4, 38 4.89 5.39 5.43 5.719 5.1
23 FR I 5o 5.29 5.25 5.3 5.23
518 5.96 5.93 5.44 5.06 5.63 5.16 . 5.46

5.18 5,34 5.3¢ 5.13 5,16 5.27 5.11 5.13

30

4.98
5.19

35

BL
4.81
4,88

40

4.99
5.43

45

5.02
5.40

50

4.98
5.26




rl}
AL
29
38
BL
43

26

Series 1,
BL 0
6.06 5,12
5.31 5.21
"o BL
5023 5071
5.31 5.46
AL B
5.83 5.40
5.37 5.33
B - A
5.28 5,14
5'35 5021
A AL
5.16 5.52
5.31 5.28
HAY YIELDS:
Series 1.
BL 0
30 24
0  BL
23 27
AL B
39 33
B A
40 32
A AL
39 37
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pH values: September, 1942,

A AL 0 A
5.02 5,54 5.23 5,09
5.12 5,23 5.41 5,31

B A AL B
5.40 5,05 6.21 5,26
5.23 5.19 5.43 5.28

0 BL BL 0
5.31 5,62 6.30 5.09
5.31 5.28 5.57 5.24

AL 0 B AL
5.37 4.98 5.35 5.66
5.23 5.23 5.28 5.31

BL B A BL
6.02 5.37 5.07 5.90
5.56 5.26 5.20 5,50

Series 2,

AL

5.97
5.40

0
5.10
5.14

5.35
5.24

BL
6.30
5.52

A
4,98
5.14

August, 1940 (in 1bs per"I&U acre plot.).

33
26
29
38

BL
36

AL
30

A
30
BL
38

]
30

B
36

0

- 28

AL
43

BL
43
31

39

Series 2,

A AL
40 40
B O
40 35
0O A
25 38
AL BL
.30 44
BL B
42

4%

BL
40

44
40

25
AL

a4

A
5.26

5.07
5.19

38

BL
48
AL
48

40

37



Control Acid Manure

Plot 3 7 14 20 21 Mean; 4 10 11 18 22 Mean; §
Lolium :

per.35 38 36 32 35 35.2 42 39 33 35 36 37.2 43
Dactylis

glo.14 14 15 13 14 14.0 10 16 14 15 14 14.2 10
Phleum

pra. 8 7111210 9,6 12
Trifolium

pra, = = = = = =2 e e & - - - -
Trifolium

hyb, 1 1 1 2 2 1,4 - - 1 2 2 1,0 *
Trifolium

rep. - 1 112 10 1 - -1 2 .8 1
Holecus

len,32 31 30 32 30 31.0 24 32 35 31 26 29.6 28
Agrostis

spp. 5 1 = 1 = 1,4 2 - - - - 4 -
Ranunculus

spp. 3 4 3 5 6 4.2 2 3 4 5 6 4.0 4
Trifolium

dub. 2 3 3 2 1 2,2 2 1 4 3 2 2.4 3

9 11 10 10 10.4 1Y

Plot 26 33 37 44 50 Mean;27 34 38 45 46 Mean;28
L.pe.36 35 29 33 30 32.6 37 34 37 40 38 37,2 38
D.gl.1211 7 5 6 8,2 812 810 6 8,813
P,pr.13 9 10 10 10 10.4 12 7 12 12 10 10.6 15
T.pr. - =

T.hy. = 1 - 81

=1 - 41 -1 2
T.re.2 - 1 2 - 81 -1 - - 41
H.1a.29 37 39 41 48 38,8 36 41 32 27 39 34.6 27
Ajspp- 1 7 1 2 2,2 = - 2 - . 4 -
Rspp5 4 7 7 2 48 3 5 7 5 5 5.0 3
Tdu. 5 2 = 1 2 2,0 4 1 - 4 2 2,2 3

~ Betanical Analyses: September, 1940.

Acid Manure+Lime

Series 1.

Basiec Manure+Lime Basic Manure

6 12 19 23 Mean; 2 8 15 16 24 Mean; 1 9 13 17 25 Meay .

37 40 32 37 37.8 42 34 34 36 35 36.2 41 37 37 34 38 37,4
16 14 15 14 13.8 18 16 15 14 15 15.6 6 11 12 12 10 10,2
1211514 11 12.6 10 1312 14 911.6 7 7111311 9,8
= - == - 1= -1+ 41+ .
2312183123 18¢8-123 16
211112 -1-11 .61231-=-14
26 27 31 29 28.2 22 27 35 25 31 28.0 34 35 31 29 32 32,2
4 1 45 36 2415 4326414 4 3,8
1121165 222 22612375 2 26

Series 2.

31 40 42 49 Mean;29 35 36 43 47 Mean;30 32 39 41 48 Mean ,

36 44 38 39 39.0 34 36 36 38 35 35.8 40 36 27 38 37 35,6
1

1312 6 3 9.41411 5 610 9.2 6 10 13 11 9,6
16 1{ 14 21 16.2 17 13 20 20 16 17.2 14 14 14 17 16 15.0
- RS T T T
121101221216 2 2 -1 1 1.2
1 --=- 411-11 81 -2 1 - .8
25 22 31 28 26,6 25 32 28 27 28 28.0 31 30 32 28 27 29.6
6 - 1 - 14 -"- 1 - - pol7CcL 1 .2
5.5 6 4 3.6 5 4 6 5 8 56 4 6 17 5 5 5.4
2 = 2 4 2,2 413 2 - 22 2 2 5 2 2 2,6

121 - - 8

€



Botanical Analyses: September, 1941,

Series 1.

Centrol A¢id Manure Acid Manure+Lime . Basic Manure+Lime Basic Manure
Plot 3 7 14 20 21 Mean; 4 10 11 13 22 Mean; 5 6 12 19 23 Mean; 2 8 15 16 24 Mean; 1 9 13 17 25 Mean
Lolium . :
per.18 15 19 19 15 17.2 25 22 15 17 16 19.4 33 29 23 24 20 25.8 29 26 30 34 34 30.6 24 26 22 21 27 24.0
Dactylis

glo. 6 91114 6 9,212 1111 11 13 11,6 12 10 11 19 14 13,2 5 12 13 9 11 10.0 8 13 16 14 13 12.8
Phleum - )

pra.12 6 5 5 3 6.41510 8 5 9 9.41310121012 9.4 1513 14 14 7 12.6 16 12 10 11 8 11.4
Cynosurus . ,

ori. = 3 - - - 2 - - 2 - - 4 -1 - - - 21 -1121
Poa - : :
tri. 3 3 3 1 1 2,2 7 2 3 2 13,0 610 6 2 4 5.611 8 6 8 10
Trifolium

pra. - - - - - - - - - - - - - - - -

2 - « - - &

.0
511 9 6 4 5 1.0

Qo

- @& ] & e =

1)- - "1 .4

- .2
Thy. 3 4 4 4 2 3.4 2 4 4 -1 22 3 =5 2 =201 -2 -4 1,4 6 2 4 - 6 3.6
T,res, 1 6 2 - 3 24 4 = 1 1 6 2.4 5 75 1 4 4.41116 2 10 16 11,010 5 8 1 6 1.2
Holcus

lan.14 27 22 21 27 22,2 12 22 26 27 23 23.0 11 15 20 22 23 18,2 10 16 19 13 8 13,2 10 19 20 21 18 17.6
Agrostis

spp 31 19 26 28 29 26.6 15 19 23 25 24 20,8 8 7 15 61510.2 4 4 8 4 7 5.4 4 8 812 10
Ranunculus : -

spp. 6 8 4 6 9 6.6 7 7 5 96 637 93 9 9:7.012 5 5 71608 5 4 8 5 6.0
Trifolium .

dub, 6 3 2 2 5 3.6 1 3 2 31 222 2 -5120 -+ - -« - .1 2 2 1 1,2

Series 2,

Plot 26 33 37 44 50 Mean 27 34 38 45 46 Mean 28 31 40 42 49 Mean 2§ 35 36 43 47 Mean 30 32 39 41 48 Mean
L,pe. 9 10 11 14 11 11,0 14 16 12 13,8 24 25 26 25 21 24.2 28 25 28 25 23 25.8 21 21 19 25 20

[
w
[
N

1,
D.gl.9 5 6 911 8.0 811 8131010.011 14 9 511 10.0 10 17 11 14 511,412 6 4 511 27.2
Ppr. 4 9 7 8 9 74 8 811 8 4 7.81211 14 10 13 12.0 14 15 14 15 17 15.0 6 14 13 15 11 11,8
Cior, = = = = = = 1 = = = - 2 - - 21 = 21 =927 b - - -1 - 9
Ptr, - = = = = <« 3 - 2 - - 105 6 4 4 - 3. 9 4 4 5 2 4815 231 . 1.8
qohy.2 222 -162=22-12>-1-1="14-12105- 163210%°1 1.4
pere. -1 222101111 - 86333 -3010264-440%2%1937 31 1.6
H.1a.29 30 27 22 24 26.4 24 29 23 24 25 25,0 22 25 22 23 20 22,4 17 23 20 24 28 22.4 28 30 20 24 22.24.8
A.ep.31 27 33 30 29 30.0 26 27 25 28 30 27,2 8 5 711 18 9.8 2 4 4 2 17 3,817 79 2012 17 14.6
R.ep.13 151213 9124 9 914 81611.211 8151313 12.0 789 915 9.6 711171214 12,2
Tdu, 3 1 - =7 2233 - -3 1812442222111 3165312 3 2.8

¥6



Dotanical Analyses: September, 1942,
Series 1,

Control Acid Manure Acid Manure+Lime Basic Manure+Lime Basic Manure

Plot. 3 7 14 20 21 Mean; 4 10 11 18 22 Mean; 5 6 12 19 23 Mean; 2 8 15 16 24 Mean; 1 9 13 17 25 Mean
Lolium _

per.10°16 16 13 12 13.4 18 20 19 12 14 14,6 29 30 32 31 33 31.0 47 40 35 40 37 39.8 29 27 32 28 27 28,6
Dactylis : ‘

glo.3 4 6 3 2 3,6 3 3 3 2.2 26 4 5 5 8 5 54 4 511 8 8 7.2 610 77 9 7.8
Phleum

pra. 3 4 8 3 1 3.8 512 8 4 4 6,612 81210 8 10,0 101013 9 10 10.4 8 12 7 7 9 8,6
Cynosurus ‘

eri, 11 -} 3 1,211 2 - 2 1,2 1 3 11 1 1.4 1 1 2 2 2 1.6 2 1 2 2 - 1.4
Poa .

tri, 1 = - 1 1 ,6 1 = =« 1 = d =~ - 1 - 1 4 3 3 21120 31 = 2 = 1,2
Trifolium

rep. 3 3 6 2 7 4.2 4 3 4 3 4 3,6101312 9 14 11,6 10 12 '9 14 14 11,8 13 9 10 10 11 10.6
Holcus

len.25 28 25 28 25 26,2 26 24 23 24 28 25.0 26 24 21 23 20 22,8 10 14 16 13 12 13,0 21 24 25 24 23 23.4
Agrostis ’

spp 40 32 25 35 32 32,8 30 25 31 36 3431,.2 6 5 4 5 5 5,0 3 4 2 4 3 3,2 5 4 3 710 5.8
Ranunculus

spp 14 12 12 12 15 13.0 10 12 10 14 10 11.2 101010 91210,210 9 8 8 12 9.4 12 12 12 12 11 11,8
Bellis :

per, ¥ = T = = T T s = = s o = e e 2 o e e 2 2 = o A e e oaee
Trifolium
dub, - = 2 2 2 1,22 - - 4 2 1,6 2 2 2 4 1 2,2 2 2 - 11 1,2 1 =- 21 - .8
Series 2,

Plot 26 33 37 44 50 Mean;27 34 38 45 46 Mean;28 31 40 42 49 Mean;29 35 36 43 47 Mean;30 32 39 41 48 Meen.,

L.pe.13 10 10 14 10 11,4 18 14 11 14 10 13.4 29 28 39 30 25 30.2 34 28 32 28 33 31,0 28 24 20

27 22 24.2
D.gl.10 4 4 - 2 40 4 5 5 - 1 3,0 7 3 37 4 4.8 714 810 7 9.211 6 ; 7 ; 5
P.pr.l2 T 913 8 9.8 8101310 20 0.2 15 15 17 17 20 16,8 15 17 20 21 22 19.0 11 14 1€ 19 19 15.8
Joby. = = = = - - - - = = - - 221 --10312-=24=1227]343272% 6
Tore. 9 2 11 2 306 - 515 3489 610 6 7.8 8 513 9 6 8.2 4 59 4 6 5.6
H.la.26 17 18 21 18 20,0 26 24 16 20 21 21.4 21 22 17 19 22 20,2 20 22 14 17 19 18.4 28 20 19 21 20 21.6
A.ep.16 40 48 36 41 36.2 23 30 363940 33.6 410 3 7 5 5.8 - 1 1 5 5 1.8 -4 1315 912 10.6
R.sp.14 17 91413 13.4 13121215 11 12,6 1210 13 10 13 1106 13 11 10 10 9 10.6 10 13 13 11 10 11.6
Todu. = 3 116222521224 211-518:2-1=-+12 162 34 2 4 3.0

g6



LAY-OUT AND PH SOIL VALUES OF MAY 1940 LATIN SQUARE PLOTS,

Top figure is pH of soil, 0 - 9", in May 1940.
Lower " " pH 2 subsoil, 9" - 18", in May 1940,

A - 0 BL B AL
493 5.19 5,00 5.24 5.37
5.65 6.12 5.92 5.83 5.85

B AL A BL 0
5.21 5.24 5.26 5,32 5,29
5.78 5.95 5.80 5.88 5.95

BL B 0 AL A
5.21 5,26 5.23 5,28 5,13
5.75 5.87 5.83 5,76 5.71

0 BL AL A B

5.28 5.26 5.35 5.38 5.35
5.66 5.69 5.71 6,02 5.69

AL A B 0 BL
5.7 5.31 531 5.32 5,24
5.6 5.69 5.85 5.84 5.75

September 1941: soil pH figures, 0 - 3", and
: "

" " ‘3" - 9!0.

A 0 BL B AL
5.95 6.26 7,01 6.5T 6.72
5.26  5.37 5.75‘ 5.52 5,65

B AL A BL 0
6.33  6.51 6,13 6,51 6,14
5.43 5.54 5.33 5.71 5.35

BL B 0 AL A
- 7.18 6.66 6,02 6,70 6,16
5.67 5.61 5.50 5.4C 5.24

0 BL AL A B
6.30 7.01 6.86 6.27 6.63
5.39 5.88 5.63. 5.4% 5.75

AL A B 0 BL
6.92 5.81 6.38 6,12 1,11
5.76 5.22 5.63 5.42 6,25
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September 1942: Seil pH figures, 0 - 3";
and 3" - 9",

A 0 BL B AL
5.76 5.88 6,80 6,13 6,42
5.31 5.38 5.88  5.61 5.68

B AL A BL 0
6.40 6.77 5.99 1.03 6,01
5.1 5.71  5.54 6,21 5.54

BL B 0 AL A
6.80 6.11 5.71 6.39 5059
5.92 5.59 5.42 5,52 5.38

0 BL AL A B
5.75 6.90 6,61 5,82 6,04
5.46 6,04 5.82 5,50 5,66

AL A B 0 BL

6.49 5,84 6,35 5.95 7.0l
5,56 5.44 5,68 5,43 6,18

PLOT YIELDS OF SWEDES 1940 (in 1lbs.).

A 0 BL B AL
456 350 466 4175 433
B AL A BL o
494 387 423 470 355
'BL B 0 AL A

513 422 340 421 432

0 BL AL A B
383 420 420 410 454

AL A B 0  BL
450 392 460 320 434
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PLOT YIELDS OF OATS 1941 (in 1bs.).

A 0 BL B AL
91 63 84 81 90

"B - AL A BL 0
90 63 83 . 19 68

" BL B 0 AL A
78 74 68 80 84
0 BL AL A B

74 74 82 86 83

AL A B 0 BL
78 81 88 69 79

. PLOT YIELDS OF HAY 1942 (in 1bs.).

A 0 BL B AL

41 36 57 51 55

B AL A -+ BL 0

51 66 58 60 52
BL B 0 AL A
83 4k M 51 55

() BL AL A B

4l 59 48 48 51

AL A B 0 BL

49 39 53 30 53



BOTANICAL ANALYSES OF MAY 1940 INDIVIDUAL PLOTS.

September, 1942,

Control Acid Manure

Acid Manuret+Lime

Plot 2 10 13 16 24 Mean; 1 8 15 19 22 Mean; 5 7 14 18 21

Lolium

per.37 37 33 35 37 35.8 44 35 40 37 42 39.6 43 46 44 44 48

Dactylis

glo.17 11 15 11 12 13,210 9 13 11 9 10,4 13 11 14 10 12

Phleum

pra.13 15 13 12 16 13,8 12 1§ 15 1y 15 14,2 17 18 17 20 18

Trifolium

hyb, 6 5§ 5 6 6 5,6 4 6 4 7 & 50 5 5
Trifolium

rep. 1 2 4 3 1 2,2 1 1 #1 2 10 - 2
Holcus !

lan 14 17 15 17 14 15,2 16 21 18 13 16 16,8 12 8

Agrostis ,
spp. 1 - 1 =~ =~ 4 1 2 -1 = B - -
Ranunculus

spp 11 13 13 16 13 13,2 10 14 10 13 12 11.8 10 10
Bellis B

per. = - = - 3 6 2 - - - - 4 - -

T 7 4

9 8 8

Basic Manure+Lime

Basic Manure

Mean; 3 9 11 17 25 Mean; 4 6 12 20 23 Mean

45.0 43 52 AT 47 54

12,0 12 10 15 14 14

18,0 15 18 15 18 16

5.6 1
6 4
9.0 9

4 6 4

2
6

5

4

48,6 42 45 39 45 47 43.6
13,0 13 10 13 10 12 11.6

16.4 16 17 17 18'19 17.4

5.2 4 4 5 6
1.4 1 1 3 2

6.213 1211 8

4 4.6
- 1.4
'8 10.4

8.6 11 11 11 10 fb 10.6

6 - - 11

- .4

66



