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Gather a slngle blade of grass, and examine for a minu%é,
quietly, 1tz narrow sword-shaped strip of fluted green,
Nothing, as 11t seems there, of fwisble goodness or be&u£1,
A very Little sirength, and o very 1lttle taliness, and a
fow delicate long ilnes meeding in o point,~not a perfect
roint, neither, bubt . blunt and unfinished, by no means &
ereditable or apparently much cered-for example of Na-
ture's worlkmanship; made, as it seems, only to be trodden
on today, and tomorrow to be cast into the oven; and a
1ittle pale and hollow stalk, feeble and flaccid, leading
down %o the dull brown fibres of roots. And yet, think of
it well, and judge whethier of all the gérgecus flowers

that beam in summer air, and of ell strong and g@odly‘tréﬁs,
pleasant to the eyes or good for foold,= sbately padm and
pine, strong ash and ogk, scented eitron, burdened vineg,-
there be any by men so deeply loved, by God so higﬁ1y~
graced, as thet nareow point of Teeble green.

JOHN RUSKIN

Hodern Paointers, Vol. III, Pt 4, €he 14,
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PART I
INTRODUGTION‘

Development of CropeDrying

It is only within fairly precent years that the.
value of prass 88 & orop has been fully apprecisted
and this development mey be lavgely obtributed to the
studles carried out by workers at Cembridge (1),

Aberyutwyth (2) and Jealotss Hill (B).. These workers

'have‘ahewn that by good mﬁnagement,'in#olving atten=-

tion to the choice and sowing of the seods, adequate
menuring and judicious grazing managoment of the leys,:
gressland can produce move cabtle Lood par acre then
any other British e?oﬁ. ‘

‘The discovery of the value of grassland led to

the suggestion thet the herbage might be conserved for

winter use. The practlee of gnsllage had been ussd

to gome extent sinee the 19%h eentury, but, in 1987,
Wocdmén (4) shoved that grass could be conserved in a
dry form with 1little loss of nutrient value. Thié
result gave a further stimulus to research on the
production of grass and other crops for drying, and on
o thods of drying the herbage. The first commercial
Griers appeared on farms in 19?5,'ana, by 1989, there
wers éb@ut‘sa‘érassédriefs in &regﬂ!ﬁritain and the
mothod was also being applied in several countries in
Wentern Eurépe. '

Several rveports at this time (5,6,7) however,

indicated that the theoretical adventages of grosgw

drying were, to some extent, balanced by certain pPrac-

tical disadvantages, and, in 1942, a report from this
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Institute by MeNair and Fowler (8) confirmed these
opinionsg.

The major dlsadvantages of grass drying were
shown to be the heavy capital outlay required for the
equimment, and the diffleulty experienced in obtaining
a unlfor: supply of herbage throughout the sonson.

On the latter point, Frankene (7), for instance,
sbated that the control of herbage growth was of
primary importance, while Roberts (B), who stated,
Yone thing is certain, %hat g0 long as grass cammod
be produced in level quantities from a given acreage,
grass drying is a dlfficult undertaling!, réiterated
this difficulty. Nevertheless, Watson (9) writing
in 1989, on the eve of war, insisted on thé‘imparﬁance
of the developnent of preen crop conservation and
stated in his concluding sentence, "It is ceriain,
thet in the intensified production of grassland and
Torage crops and the conservetlon of the herbapge lies
the eolution to many of the major sgricultural and
nationel problems of the present dey."

In his report in 1939, Roberis (5) stated that
substantial improvemenis in fechniecal efficiency ox
reductions in the capitel cost of grass drievs were
uﬁlikely, and, i thie assﬁmptian is accepted, it
wourld appear that the profitability of operation of
grass driers will depend, in the main, on reducing
the cost of the raw material, and intensifying the
utilisation of the deying plant, i.e. on achieving a
high and level production of herbage throughout the

season at a low cost, and thus incressing the total




output per annum of a gragg?drier.

A further stimalus %o high produetion at the
prosent time ig the scarecity of protein foods of high
biological value. As Morrls, Wright, and ¥owler (10)
have shown, grass is one of the boslt sources of such
provein,  The value placed on the process by practicsl
Tarmers is shown by the interest baken in grass drying
by Qairy farmers, and more reecently, by the launching
of' & co~operative grass-drying enterpeise in a dairy
Parming ares (54).

The exporiments which are described in the sube
sequent parts of thie thesis arve yprimerily based,
therelore, on the need for the highest production
from grass and forage crops, of & food of high

blologieal value for the nationsl dailry hord,

Factors affecting the design of the experimenis

The importance of steme of cutting Several workers

¥

{11, 42, 18, 14) have demonstrated that in Qrosucs,
cereals, and legumes, the highest yisld of nutrients
is obtained when the srop is eut just berore flowering
as Kehler (18) states, "tho physiological stege of
sroviin ié oX prime importonce in aggessing the elffects
of all typeafaf environment on the quality ofF gramsoa",
Horaavar, iﬁ the commorcial production of dried grass,
it ls the aim, for the seme reasons, and from
practical considerations, to cub the herbage befora
the emergence O sead stemg, In many of the oxperie
meﬁts carried out on the yisld and chemical composi=
tion of grassland, the oxporimental aress were cub ad

detinite time intervals, bub in those now described,
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the time of cubding was based, as far as was pracw-
ticable, on the physiological stage of the crop and
not necessarily on the chronological ages

Beasonel Variatlons. As Watson (9), end other

workers have shown, grass shows a seasonal variation
in yicld. Hormally, the highest rate of production
1s reached in Moy and dJune, theve is & decline in
late June and July, and then productlon is resumod,
on a reduced scale, in August and Septembere

The major difficultles of the preducer of dried
gragss arve to cope with the peak spring yield and to
stinulate production in the Juno -~ July trough, bub
Hobert's remarks on the dLPficulty of achieving aven
production are unduly glooiys  Swo methods are open
to operators ol the grass drier; the dvying of crops
other than grass, which show different seasonal growith
curves, amnd the use of artificisl menures to level, |
and at the same time, inorease dotal praducﬁiqn;

In practice, coreals (14), lucerne (15), and
other legumes (16), have been used for cvop~drying.
The value of gome of these has been investigated in
the experiments described in Part II.

ﬁanurial‘ireaﬁmehzm Provided the moisture supply is

adequate, it has been shown by many workers,
including Fogan @t al (17), Watson gt pl (18), snd
Woodman et al (19), that nitrogenous feriilisers
lnercase the production and nutritlve value of grass-
land. The effects on total produchion, seasonality
of production and efficiency of recovery of nitrogen

of single spplications of manure compared with those
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of & similer woipht distribubted over the scason have
beon investigated by rvelabively few workers, and in
- the experiments on this subjeet describod by Gardner
{80), Woodmsn (21) and Wynd (B2), the intensity of
ménurial applicdtion Ald not exeesd 80 1be. nitrogen
Per acre. ‘

A% this Institute, in earlier experiments quoted
by MeNair and Fowler (8), it was showm that dressings
of 800 1b. nitrogen per acye produced marked iMProves
ments in yield and ¢rude protein percentage of the
herbagd. Racantly avaﬁlab&e roporss (£3) of work
earried oult in Sweden duving the wey also rofer to
Penaficisd resulits from very heavy applications of
nltrogen to paasture, In Part I, proliminavy
experinents on the effect of moderately heavy
dressings distributed in various properdiong during
the season are described, and in Part $IX, the
latensive fertilisabdion of pasture with heavy
applications of nitrogen are glven detailed.
congldevation. The effecet of the manurial breatments
on totdl and seascnal producition, snd on the chemical
and botenical composition of the herbsge has Lbeen
investigabted in these experiments, while, in addition,
in Paprt III, particular abttention has bsen paid to the
carotene content of the herbage,

Gorotenes The importance of carotene as s source of
vitemin A is well Imown snd the cavotene conbtent of
herbage plents has been studied by many workors (£4-50)

Ginee in the pest few yeers the price of deied

gregs hes been hHasged on its cerotense content, +he
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importance of this constituent has been greatly -
and probably unduly - emphasised.

In general, it has been shown that the carobtene
content is closely related to the protein content of
herbage (84, 25, 26, 28), but the evidence avallable
on the seaponal changes In carobensg content is cone
flicting. Thomas end Moon (84), noted & progressive
ineresse bowards sutumn, while Mitchell and Wise (29),
noted the reverse teondency. Moreovey, the influence
of manurial treatments on carotena content has heen
the - subject of very lititle investigation. A study
of the carvoteng content of the herboge has thevelfore
been ineluded in Part TIT of the present experimentis.

foil Tertility. The intensive manurlial trestwent

of crops hias been cribiclsed on the prounds that the
goil is depleted of nutrients by such breatment, and
that the plants are thereby stimulated to uvnnatural
growth (75). It is claimed that, in consequence,
the produce of sguch soll is less benelficial o animals
and man, and may in fact, render them mowve liable to
discaso., Neither contention has yet been subjected
to eriticel studys Tn the iantensive manurial
experinents diseussed in Part 11X, steps were thore-
fore taken to measure differences in soll fertility
coused by the manurial treatmente..

Beonomics. The application of new mathods teo
agriculture ils frequently delayed becausge of lack of
inforwmetion on the economic value under oraciical
conditions of the procepses advocated. In the

prasent study, an attempt has been made to estimate
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the reletive profitability of the crops snd treatments
investigated, on the assumplbion that the herbage would
he-proddced and dried under large scale commercial

conditions.

Statisticss The variebility of blologieal waterial
is well known and ag far ag possible modern statig-
tical methods (3, 52; 38, 34) have been smployed
thfonghout tﬁé experimanmé 0 éaleulate the inter-
relationships of the #ayioﬁavfacﬁars invelved and to
indicate the degree of reliance which may be placed

on the results,

Gonepal avrvaacement of Thosls

In Port EI; e 2-year experimond, caveied oulb in
1945-46 and designed to investigate the slffect of
pitragenaus panures on Jleys and annual erops, is
desoribed and discussed. In Port IET, two
experiments c¢arried out in 1946 on the effeet of
heavy nitrogenous manuring on grads swards are
described and discusssed, In Part IV, the vesulbs
from both expeviments are swwarised and the praciéical
applieations briefly discussed.

To Tacilitate the reading of the thesis all the
large tables have been included in o separate appendix
and have, as far as possible, been so arrvanged that
the table nubers and the wore lwportent rvesults can
be seen at a glance, while the cowplete data may be
obtained by extending the table.

Tables have been mambered according o the
section to which they relate, e.gs. Teble £11 is the
first table in Part IT and Table AB:24 ig the twenby




8

fourth table in the appendix zelating to Part IIX.
Graphieal figures on the other hand, have been

bound with the texbt, so that they can be conveniently

comp&reé with the data in the appendix on Which.they

are hasads

A note or the sccuvacy of determinstiong of yield,

ghemicald composition, and on wethods of caloulation,

Yields., Indlvidual ylelds were weighed to the
nearest guarter pound and the yleld per acre calcus-
lated to bthe seeané significant decimal place. Phe
derived tatal yvields per plat oy per ewt. ware token
to the nearest whole number, '
Compesltions Dry matter and other constituents
expressed as parcentages, were calculated to the
second significant place of decimala. Cavoténe,
which was expressed in milligrams per Kllogrem was
caleulatod to the neavest whole nunber.
Galeulations, In statistical computations all
availsble diglts were used but the depived velues,
such as cosfiicients of variation, correlation, and
regression, and standard errorg were reduced to four
signifié&nt diglis and in the tables oFf mwan results
theae wnfe,'in pome casas, rounded to fewer Ligures.
An electric caleulating machine was used for all
the more’ laborious celeulations, Castles' Logarithmic
and Other Tables were frequently used in the final
stages of the caleulatlions and the tebles in Snedecor's
Statistical NMethods (1946) were used for tests of

gignificancea.
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In the computation and presentation of sbaltistles
dnedecorts notation bas been used as Par ag the
typewriter would allow. The standard srroy of a
mean of p has however, beaen indicated by Szi and the
standerd error of differences bobtwsen means of p
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PART IIX

4 STUDY OF THE PRODUGTIVITY OF WO AWIUAL
CROPS AND TWO _TEYS, AND OF THHIR RESPONSES
IN _YIELD, AUD CHEMLCAL _COMPOSTIION TO
APPLICGATIONS OF A INITROGENOUS MANURE

lntxoductian

Whiie the progess of artificlal aru@«&rying.wag
oviginally applied to grass, olther crops, particularly
lucerne, heve been grown for drying, and cereals and
other legwres have alsoc been used (14, 16, 36).

| Oon ﬁhe?xnstituta farm ab Kirkhill,.barlﬂy. under-
v.soWn witﬁ Thalian ryegﬁass hag hesn grovn as a dreying
'crap;fbr ﬂeﬁeral years and there have also been some
trials with vetches and elovers. Inh view of some
diveﬁgence of opinion émcng oparators of grass-dyriers
as to the value of such annual erops compared with
loys, it wag decided bo cavrey oult an experiment to
conpare two of the annual crops which had been used
with two grass leygs In one of the leoys 1t was
decided thal pevennial ryegrass would be the dominant
species, while in the othsr, cocksfoot, which is held
in hiph vegard by many opsrators of prass-Griers,
wnuia be dominant. In view of the difficulby
comaonly ex@eriem&ed in epteblishing lucorne in
wastern Scotland, 1t wag decided that thils crop should
be excluded from the oxperiments

tany workers, including Watson (18), Woodmen (19)
and MelNair and Fowler (8) have shown that the
application of nltrogeonous manures groavly ilncroases

the productivity of grassland, but there ls still
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Llittle evidence avallables on the relalive merits of
applying & given guentity of mamure in one or in
soveral appllcations, In view of the lmportanca of
an even supply ol hevbage for dvying throughout the
gaason, and of the possibllity of regulating the
supply by manuring, it was congidered that further
experiments on this aspeet of erop production wers
reguirad.

A Tactorlal axye?imenﬁ to invesbtigate those
gquestions was deslipned, and the‘méthmas adoptad and
the results obitained are deseribed in the following
DALGOG.

Dasicn of Wxperimend

Cholce of Grops

The choice of seed snd rates of seoding of the

Pour crops included in the experiment wers ss followsH

Annual Crops - Abe/ae.
Speing Votohes (Vicla sativa) goa
Spring Bavlay (Hﬂwdﬁuﬁ sativag) vap,
Plumage Avchen ggé
Perennial ryegrass (Lolium. poreane) 824 14
] 11 L1 n Si{}'_’t‘ 10
Ltalian ryegrass. (Loliwm dtalicum) 8
Whive Clover (Txifolium pepons) $5100 2
‘ B
Total Seeding 84
Cockslool (nacﬁylis,ﬁlomaﬁatﬂ)~$26_ 14
" " " 8148 10
Ltallan ryegrass (Lolium italicum) G
Waite Clover (Trifolium repens) 85100
Potal Seeding | “gg
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Tho sead of vetches, barley and Italian vyegrass
was obtalned from loeal merchants, bul the
Averyatwyth straing. of grasses and clover (924, 8101,
ete. ) were obtained from the Welsh Plent Breeding
ghation by courtesy of the Director.

The verlatles of annual crvops chosen were those
normally used on the Institute ferm. It was decided
that the barvley shéuld not be undersovn with Italian
ryegrass, since this would heve caused difficulty in
the interprotation of the resulls. Tn the case of
gach of the leys, the mixture contained a iealy hay
type, (524 rysgrass or BE6 cocksfoob) and & vigorous
pasture type (5101 ryegrass or 814% cocksfoot) of
graag, supplemented by a vigorous white clover 8100,
The ﬁasign of the mixbturos was bhased on the published
chavacteriatics of the Aberystwyth grasses and on
sugpestions by Dr. Jonkin (57).

Menurinl Troatuentd -

In &&diﬁion to the basic moanurial dressing given
to the expsrimental area (s9e pe 14), there were four
experimental troatuents as Lollowa.

1. Control - No application.

2 592 1b. Nltrochelk per acre - applied in oneg
dregalng o8 Soon as the crop wag esvablisghed.

e 508 1bs Nitrochalk per acre. 157 1lb. applied
whon the erop wes estoblishod and £85 1b. in late June
L 892 1b. Witrochalk psr acrae., 78 lb. applled when
the crop was established,; 157 lb. in late June and
8% 1lb. in late July.

Nitrocholk, o wmixbture of calecium carbonate and




Teble 231

Skeleton Analysis of Varisnce

64 plota in 4 blocks of 4 % &

Source of Variation - Degraes of Praadom

HMain Eifects

Bloeks (B)

<3

Grops (C) ’a
Preatments (T) 3]
it Order Interactions
G 9
cT 9
BT
end Order interoction
BCT? (error) _ 27

Total : 63
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ecolelum nitratey containg B¢B% of nitrogen and is a
common nibtrogenotus menure; pertlcdlarly suitable for
pragaland.

Duration of the Bupariment

Since both anpual and semi-perennial crops wore:
lneluded in the experiment, it was decided that, to
allow of a Calr comprrison, tha experlment should be
continued for at least two years, and that the snnual

erops should be resown on tho seme plols each yeal.

1945 EXPRRIMINE

Methods

Experimental Layoub

Sinee both quantitative and gualitabive data wore
raeguired, 1v was decided that smell expeowimental plots,
tha total produce of which could be aacﬁratal& waighed
ond. sampled, should be used and that all btveatments
should be replicated, 80 ﬁhaﬁ'th@‘results ceuld.ba-
pstabtigtically analyseda

Congilderation of the nractical and statlstical
questions invelved, led to the adophion of the layoub
illustrated in the Pirst part of Teblo AR:2, The
plots wore awvanged in & blocks of 16. Ia oach bloelkd
crops were arvbnged in 4 gbrips at rendom and each
sbrlp was divided into 4 plets o each of which ons of
th@vfauv treatients was alloeated av random.  The
skeleton analysis of variance of the layout is shown
in Table 2:1s  I% will be noted thét the désign
allows o complete analyais of wain éffects and Pirsh
ordor interactions, leaving &Y degrees of freedom for

Q@Peor varliancao.
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Proparatvion of the Fxperimental Area

fach experimental plot was 36 £t 4 ins long by

6 ft. wide, i.0. 1/800 ac. in avea. fince a moargin
of 4 £%. was sllowed, the total arca of esch plot as
troatod was 88 £t. 4 ine by 8 £, (1/148 acs) o
permit froe access, there wore 2 ©b. wide pathways
sown, with btimothy betweon plotas

| A suitable swaea of land, level, known to be of
wmiform fertility and adjacent to the form bulldings,
was salectod. This wos under a short ley and woas
ploughed in January 1846,  Soll samples wore taken
to the standard depth of ® in. and soll analyses,
carried out by the Chemistry Depbs of the West of

Scotland College, gave the followlng resultis.

PH : 5.8

Logs in ignition 10.9 wg. /100 g.
Avalloble B0y 2.0 ng. /100 g.
Available K0 4eQ mze /100 g

These Tigures show that, apart from s rather low
content of potash, the experimental area was in good
hoard. Maring March, the necessary cultivations o
produce a sead bed were carvried out. On the RO6th of
Marceh, ground limestone was aphlied at the rate of
1 ton per aere and, after lighlt herrowing, a béaic
dressing of 4 owl. sugerphosphate (18% PBOS)’ 1 cwt.
muriate of potash (GG%_KQQ) and & cwk. Nlitrochalk
(15.5¢% W) por acre was applied to the whole
experimental area.,  After this, to ensure thorough
mixing of the menures, with the seed bed, the area was!

again harrowed with light harvowa. Bad weathey
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prevented fTurther work until early April, but on the
10th of that month, the plots were laid off, the
corpers of the experimental arvea of each plot being
indicated by wooden pegs, 1 in. square and 10 in. long,
driven 7 in. into the ground, and the barley and
vetches were sown and coversd. On . the following day,
the grasson were sown and covereds

The exact quantity of seed for each plot, -
including 1ts mevginal area, was welghed out and sowm
geparatelys. The annualAcrobs were sawn 1 = 1t in.
deep in drills 6 in. apart, by a "Planet Junior® drill.
The grass seed nixtures were broadeast oa the seed bed,
with a distributor made Lrom o milk tin with.a
perforated Lld. ALl crops ware lightly raked after
powing and rolled with e gerden roller on the
Following day. Gemination was rapld and a good
cover of pluants wos obbalned. The develomment of
annual weeds in many of the plots made hand~weeding
espential until the Tirst cut, but after this, weeds
wore of little importance,

At ench manurial application, the precise
guentlity for each plot, including the marginel avea,
wvas weighed out and applied with the distridbubor.
Sacond and third applications weve always mode shortly
aftor the plot had been ceub,

Cutting

In sccordence with the opinlon expressad in the

introduetion, physlologileal age and not chronological

age wos made the criterion in determining whon the
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erops showld be eul snd as fay a8 possible, the plots
wore cub while the erop waes in the lealy stage «
hafore the general ewmergence of geed gstoms. ALl the
rapllcates of any one cron treatment were cut.an.ﬁhe
game doy and the date of cutting any one cropwtreatment
wag gulte indapendent of any other, and depended
solely on the average stage of growbh reached by the
four poplicates. It was expected that the range of
holight of cutting would be from 8 - 1l inches.
Sgmpling : - .

Por chemical analyses, a pandom somple of the.
herbage of each plot at each cut was required and this
was obtained by clipping Toupr arvess of 782 square
inches, selected by four random casts of a8 rectangular
wooden frome of internal dimengions 12 ine. by 6 ip.,
and bulking the four semplos thus obtalned, Samples

wera taken an hour or ao hefore thae plot was cutb,

Measurement and Cutbing '
Before cutting and weighing the crop from each
plot, the exsct experimental area had to be defined,
In the Tiret fow wonths of the experiment, this was
done by locetbting the corner pogs in the plot, checking
thel» positiong with a messuring tape and indieating
thom. more e¢learly with. garden caneg. The marginal
area outwith these poinis was then cut and vemoved,
leaving tho experimental area for cutting and weipghing.
When this method war uwsed, gome difficulty was
experienced in so driving the mower that a strip
exactly 6 £, wide was left, To eliminate this

possible source of ceror, a modified method was adopted
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on 1.8.45 and hos since been used in all similar
experimentsa, This wethod depends on the faet that
the wmower which is described later, cuts a.swath
exactly & €t. wide. Accordingly, provided the ends
of the plot: are fifs% removed so that its net length
is 86 ft; 4 in., by eutting two swaths wlith the mower,
the exaet avea (56 £4e 4 ine 2 6 £t.) 15 cut.

Trom 1.8.45 therefore, the cutiting method adopted
was as followao. The corney pegs were located, the
langth of tho plot checked and adjusted if necessary
to 36 . 4 in. and each oend of the experimental ares
was indicated by gparden cones. After the ends of the
plot had been eut with the mower, and removed, two
swathe were taken through the area, so that a margin
of approximately 10 in. was lelft at each side of the
plot and a strip approximately 4 ine wide in the
middle. In this woy, two & Lt. swaths 36 £t. 4. in.
1long were cut exectly.

After the grass had been collected from the
experimental area, the remaining margins were cut with
the mower and ramnoved.

An Allen lMotor Seyithe was used for cutiting the

plots,  This machine is mechanically drlven and
carries o cutting knife slmilar to that of a Parm
mowing mechine in front of the engine. It can he
driven straipght into a erop and in its cubbting action .
il the some ag that of equipment used in practice on
the farml. the chilefl advantages of the machine are
that it can be used for cutting crops at a nore

advanced stage than is vossible with rotary mowing
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machines witich have been used in many cases on grass
plot experiments, snd that when cubtting is completed,
a stubble of 2 = 3 in, is left, thus avolding
oxcessive defoliation of the crop.

Datermination of Vield

Vhen it was cut, the produce of the plot was
reked into a heap, placed in a recltanpular sheet of
hessian of Imown weight, and cerried to m‘weighing
wmeehine in one of the Parm buildings. The welght
was determined to the neerest % 1b. end after the
appropriate doduction for the weight of the sheet,
the welght of the fregh ¢rop was noted. Gince one
or twe houlrs might elapse between the sempling of the
plot and the collection of its produce, it was felt
that under varisble climatic conditlions, the molsture
parcentage of the sample might bear no velatlion to the
moisture pereontage of the material when oubs .
Acecordingly, a further sanple. was taken by drawing
Pour rapdom pluckings Trom the heap after it had been
Waighéa, A molgture determinetion was cavried out
on this sample, and on it the caleulated yleld of
dey matter was based.

Trogtment of Ssmples

Imuediately they had been drawn, the sanples,
together with the appropriaste code label, were wrapped
in grease-proof paper, and taken to the laboratory.
The time elapsing between taking the first of a group
of samples and delivering the group to the laboratory
in no instance exceeded one hours In the leboratory

each sample was placed in a perforvated metal bagkeh
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of known weight, the welpht of basket and sample was
determined to the nearvegt grom end the basket wag

then placed in the drying oven. Two similar ovens
ware usad, each capgble of taking 16 sanples.  These
ovens were maintaing@ at 100°¢, by a forced draught
which passed. through banks of electric hesbters, The
time teken by the samples to dry depended on the crops,
on the poisture content, and on the degree to which
the oven was £illed, but drying was generally coOi-
ploted in from 2 « 4 hourss At this stage, drying
wag considered to be completed, whon by hand
exomination, the material appaaved to be sufficiently
brittle to grind. Since the samples had to be gtored
for somo months, the probability of ahsorpdion by them
of moigture during storage had to be considered, and
provision had been made for a determination of
regsidual meisture coptent to be made Q§ each. sample
before chemical anolysis.

Grinding and Storage.

When the samples were considered dry, they wore
again weighed and the apparent dry weipght determined.
The dried sample was. thoen ground in & Christy & Norris
laboratory mill, fitted with & 1/82 in. sieve and the
ground samples were stored in 4 ozs,. wide mouthed.
bottles and labelled for fubure relference.

Records

During the crop seasony the following records
were kopt, Dates of sowlng, deten of application of
fertillisers, weather conditions Tollowing application,

dates of each cut, average helght at each eut, the
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groon welghts and the apparent dry matter psreentages
for each cut on each plots A note was mede of any
variationg from normal, ¢.g. tondeney of grass to
ghoot and ehanges in the botanical composition of the
prots,. Thege data were all included in a field
notebook and a system of record sheéots in which
provigion was made for the recording of further
chemical analysges and yield data,

Analysas

Before chemlcal anslysis, each smnple was driod
to constant welght end ite residusl moisture content
determined, Trom this and the apparent dry matier
content already determined, the true dvy motter popr-
contage of each cut was determined.

The crude protein pesrcentage of each sample waﬁ
then determined by the Kjeldahl method, using
selenium as the eatalyst and 1n some samples - noted
later - ﬁhﬁ dlgestibility of the crude protein was
determined by Wedeneyer's modification of dtutzerts

HGl=-Pepsin Methods

Results 19456

The 1945 Season

Ag alveady described, the erops were sown on
10 and 11,4.48. Cutting oF plots comnenced on
804 5.46 and contimued throughout the season until the
yield obtained ceopped to be of any practical
glgnificances The date of cutiing and the mean
estimated height of the ecrop from ground lovel ape
shown for each cut in Teble ARsl,

Powards the end of the season theve was a




Table 818

-Bummery of Weather Data

fiarch
April
ey

June
July
Mipuat
Baptenbheor

October

lareh
April
May

June
July
Auguapt
Septemnber

Octoher

1945
gﬁnth Ra%%%%i; suggggie
L dne hr
2459 80.7
1459 18640
Go B7 164.7
378 L8785
2.67 138.2
2,082 Y 4
4y 52 0l.8
5481 D6.58
Averege 1985
2407 101.9
1.79 1877
2e41 12945
2,80 179.6
5,49 147.2
e B 15548
5. 85 111.9
L464: 7?@8‘

m%%‘;m %izmmz%‘%j)
52,0  4Ll.5 . 44.4
B6.0 40,9 477
58,0 44,3  5L.0
57.7 46,0 65,2
67,2 53,1 5944
66,1 BL,B  60.5
63,2 5044  56.8
B7,28 .. 45.6 51,6
24

49,5 55,9  44.8
B5.8  88.2 46.1
59.6 41,4  B2.1
641 AT.B BTN
65.4 517 6040
65.8 507  60.8
G621 478 567
B4eD 4245 50T
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tendencey - noted in the table « for the barley and the
Italian ryegrass in the leys to produce some sced
StemS‘be£0@e the crop as aVWhole vas deomed f£it for
cﬁﬁfing@ Nevertheless, theAmean haeights at cuhtiﬁg
in goneral came within the expscted range of 8 - 11
incheg.  Since 1t wag knovwny Trom past exporience and
confirmed by Moove and Willeox in 1945 (58) that
veteches showed 1ittle chonpe in composition untll-.
geod sebtting began, cutting of this crop was delayed
antil the Mowers appeaved. Becouge o thislan&;tha
dlfferent hablt of prowth of the crop, its mean height
at cutbting was higher then thet of the other cropsw
Yeathap

0 the factors governing plant growth, those due
to climate ave of paramount lmportence, Dally
weather date for the growith season, March to Oclober
inclusive, were obtained from the meteorological
station at the Plunt Patholopy Dept. of the West of
Secotleand Agricultural College, and o monthly swmary
of these dota is given in Table 2:18. It will be
noted that after April, which apart fvom the  first
week was rather dry, rainfall was fairly uniform asnd
adequate and the total sunshine per month remainad
falvly congstant end at a high level until September.,
From the point of view of rainfall and sunshine
therefore, the season was condueive %o plent growths
The minlwmum temperatures in the early months of the
season were rather low, however, and sccording to the
findings of Blackman (%9) mipht beo expected to reitard

the growth of grans, Such weather is not uvnusual in




Tehle 238

Hean Percentages and Vields of

Dry Matter (D.M.) snd Crude ¥Protein (C.P,)

1045
Cron Troat-jlage  ¥Yield gé’a%e Yield
ment Dl Dalile Gate TGueba

1D./ec. ' Lbi/sc.

Vetches 1 11,08 2,696  £9.04 79
S 11.50 2,885 50,95 - ©80
5 11,52 5,085  £9.26 888
4 12,86 5,088  28.46 8682
Barley 1 15,75 2,589  15.77 414
2 14,20 2,003  R0.59 598
5 14,58 2,998 1994 596
4 | 14484 5,108 18,81 566
Ryegrass 1 16,64 4,208 16.66 €98 -
2 16.67 5,287 19469 969
5 14,97 8,456 17,80 971
4 16,06 5,082 15,95 804
Cocksfoot 1 16,77 5,866 17,19 665
2 1687 4,440 18,09 811
5 14,61 4,961  17.45 864
4 18,20 4,345 16,59 792

Standard error ‘
of difference ’ C -
between meons 0,66 320 0.80 3

Signiticant

difference ¥ - 1,37 655 1s64 150

¥ (9inee’t'for 27 def. = £.068)
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this area however, and the season might on the whole
be congidered typicals

Rain or dew fell soon after sach application of
manure and the latier raplidly disappeared from the
soil surface. |

Dry Natter Pevcentages and Yields

Trom the gréen weight ver plot and thoe doy
matter percentage, the yileld of dry matter per scre
was caleulated for each cut and the total yield per
plot was determined,. Since distinet variation in
dry matter was notod between Crops, the weighted mean
Adry mattee persentage Lor each plot was caleulatad.
Thegeo and tha'analysis of vaviance of the derived
data are shown in Table A2:B, together with a
demonstration of the stetistical methods adopted.

The weighted moan percentage drey matter for each

erop treatment, the standard error of the difference
between moans and the significant differeonce are’
included in Table 215 (Cols 1) The snolysis of
variance shows that there were highly significant
differences between troatments and betwoen blocks,
and that the coefficient of variation was low (7.09%).
The Tirst column of Wable 2:8 shows the dAifferences
between crops and bhetween treatwents.

The total yilelds of dry matter per plot are
shown togethor with the analysis of variance of the
resulte in Table A2:3, and the mean yields arve shown
in Table 8:5 (Col. 2)s The coefficlent of verintion
was reasonably low for such an expérimant (11.21%)

and highly significaent differences were ghown only by
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crops and troatmentse Mable 243 illustrabes the
distinet differences between the anaunal crops with
low yields and barely significant responses to the
treatments, end the leys, which, even in their L£ivst
vear pave higher yilelds then the smnuals, and in all
but one case, showed a significant response %o
wreatment,

Grudg Protoin Percentages end Yields

As with the dvy mettor, the weighted mean porT-
cantage of crude protein woas determined for cach plot.
'Ths rasults and their anglyﬁis‘of variancg are shown
in Table AB:4 and the mean resulis are shown in the
third column of Weble B:18.

Here again, the main differences wevae due %o
eropa and teeatments, but there was also a significant
difference due to interaction of crops on treatments,
i.¢s the response of the crops to treatments wos nos
und.form,. Pable 216 sﬁmwm that vetches weve far
auperior in protein percentage to the gréminaceous
crops, but that only barley and ryegrass showed any
signirieant vesponses to the treatmontss

The total ylelds per acre of crude protein and
the analysis of variance of the results are shown in
Table AR:S, The mean ylelds of crude protelin per
acre are shown in the last column of Table £1be

The ceefficient of variation was agaln reasonably
dows, - Digniflicant differences were shown botween
blecks and highly significant differences between
crops and bhetween treatments, but the first order

interactions were noun-sighificant. In the last
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column of @able_ﬁgﬁ,ﬁﬁh@ combined effects of slight,
bub non-slignificant dlifferences in dry matter yleld
and cerude. protein percentapge, are drought into
aharpae r@l&@f>ané a gignificant incresse in yiel&'
e¢an be noted in all graminaceous erops due o
treatmonts 2 and 8, and also in the case of barley,
due to treatwent 4. With vetches, the inerease in
yield wos hat statistically significant,

Seagsonal Distribubtion of ¥ielda

Wow, while the tolal yleld of food per acre is
important, the distribubion of the yisld over the
aeason is of no less xn@artanns, gither for the
purposs of conservation or Pfov Deeding the grazing
agimal. On the opposite and the following pages,
graphs are ghown {figs. 2&1 and 8:2) ol the dvy watter
and crude protein preduction por acve, during the
sepson. - In Tables AR:6=9, the dry matler percentage
and yleld at each cut, the accumulaited produciion
from which the graphs have been constructed, and thelr
pereentages of the total yileld, %eg@ﬁﬁar with the
dates of emeh cut and of manurial applications, are
given faylaaeh-erep; Similapr data for crude proteln
are given in Wables AR2:10-13, In all cages, thé
weighted mesn porcentages and the meon ylelds from

Tour replicates sre glven.

Botenieal Wotes K

While, owing to i&g progtrate habit of growbth,
the veteh ovop wasfby.nﬁnmaans,com@letcly dofoliated
by cubbing end the length of gtem lefh alter cutting

ranged from 8 - 8 ine, the cvop did unot withstand
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fablo 2:4

mgtilmated pereentage cover of white clover

~ Noveniber 1945

Grop Treatment Fage cover.
Ryegrass 1 45
2 26
3 23
4 24
(ocksfootb 1 43
2] &2
3 _ 18
4% 26
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repe&ted-cutting.- After the second cut, growth was
invarisbly slight ‘and annual weeds such as Poa_annua
bacame prevalent.

Barley also tended to thin out after the second
eutting and, by mld Augﬁst,“the inter-drill spaces
were weed »idden. With thwe leys, a complete but
rathar opon award was Tovmed rapidly. Italian
vyegrass made the major contribution to the prpauetion
of both leys in the first two cubts, but the perennial
grasses beesme more obviouas in later cuts. White
clover esgablished vall in ﬁoth leys and towavds the
end of July, 4t was noted that it appeared to be most
prevalent in the control plots = treatment 1.

During the latbter part of the season, differences in
the clover content of the swards became more noticeablq
In Wovewber 19485, afber all cuts had been removed for
the season, two independent observers mede an estimate
off the percentage cover of clover on each plote

These. estimates were in fairly elose agreement snd the

mean values for each treatment arve shown in Table 2:4.

The rasults which showed in each case a mueh
higher percontape of clovaer in the control plots,
pugpested that the treatments were causing epprecisble
differences in the botanical composlilon of the swards.

Plong were therefore made for an objective
determination of the botenical composition of the
swards in 1940,

Dipastiblility of Crude Frotein

TFrom 28.0.486, determinations of the digestibility

of the crude protein were carried out on all the




Table 215

Percentbage Digestibility of Gruda Protein

(means of several cuts - see text)

. Treatment 1 2 3 4 1COrop
‘ leans
Crop ]

Vetches 84,30 84,85 80.44  B84.75 | 83441
Barlay MB.0B 70486 T6.TB  8L.D5 | 78.45
Ryegrass Y90 70.0L V944 79.80 | 79.08
Cocksfooh TO.OT 78i04  TBHY  WHLOL | TTeB2
Troatment means | 78.74 80,32 7815 80,44 | 79,54




| parsantagos Indications of this wena neot aspparaent

Cresults will he noted.
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sampled bteken afbter 22.06.48, from ong bloek of the
experiment,. Owing to the delayed star#, no
determinetions were carried out on ‘the first cuts of
vebches, treatments 2 and 3 and on the firet and
gecond cuts of all the barley treatments.

- The walues obtained were exanined to gee 17 thereo

was any ratation between digestibility and protein

and-in view of the small and rather. incomplete sample,
statistical treatment was nob ﬁﬁ@ﬁte@a

The mean valuss f@r.ééch erop~traatment ond from
each erop ond treatment are shown in Teble 2:8s The
genoral high level of digostibility shown confdrms
with pesulis obteined by Wgadmaﬁ gn& Watgon in anima&
gxparimontt. The digestibility of the veteh éamp@@s
wag higher then that of the othewr orops but the
slgnificonee of this could not be tested statlotienllyl

In view of the g@n@éal high level of digestibility
phown by all treatments and of the incressed presoure
on lagboratory accommodation expected in 1946, 1t was
decidaed thot detewmination of the dlgestibility of
the erude protein should not be undertelen in 1946.

Brigf Discussion of 1045 Resulis

Trow the data already presented, the following

The oxperimental layout mnd procedure adopted
gave satlisfactory estimates of the differences in
yield, growth rate, and composition of the erops.

With regard to individual ecrops, velches papidly

produced a falr yieldd (8487 cwis per acs) of dry
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matter and a fairly high yleld (700-600 1b./ac.) of
erude protein in two euts, but produetion ceased by
the middle of July., Witrogenous menures had no
appovent influence on the growth rate and ounly a
glight efdect on the eorude protein percentage of the
LoD

Bavrley produced a fair yield (R2~26 ewh./acs) of
drey matter and a low yleld afiaru&@ protolin
(400600 lh.(acs) from May takﬁﬁ&ﬁéagusﬁ inclusive,
but sinece thqﬁ@’wer@ B = 6 cuts, the ylelds per cut
were rather lowe . A aigmificgnﬁ regponse in yileld,
growth rate and crude prnteingyercentage was shown 1o
gpelicationg of nitrogonous Manure.

The leys, which may be dlsgeussed together for
this purpose, gave falrly high yields of dry mattew
(34-49 owt./ae.) and high yields of erude protein
(700-1,000 Ib./2cs)s They did not commence
production until July, but then continued until
Octoher, yielding 4 cuts from each treatment.,
Treatments 1 and 2 however, gave rather low ylolds at
the 4th cut. Aport frem this, the leys pave high
yields et each cubs A significant response to the
application of manures was shown in todal yields,
disteribution of yield and in crudg protelin percentans.

There were indicablons that ehanges in botanleanl
composition were caused by bthe different treatments.

Determinatbtions of dlgestibility of the crude
protelin conflrmed earlier Pindings thab crops cut in
the actively pgrowing stage were of high digestibility.

The experiment was continued for another year
and.is described balows
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The autumn of 1945, which was mild, favoured late
growth of the leys, and hefore growth ceased, all the
grass plots had reached s height of approximataly
& in,  This was maintained throughout the winter.
| Thewre was ;itﬁla savere woather untll early lMarch 1946
and sinca no grering was permitbed, the leys mey be
considered to have been wintered under good weather
and managewent condlilons. The strips bhearing the
annaai erops were ploughed in Qotober 1945 and lay in
furrow until March 1946, Oultivations were then
capried out and, in view ol the Davoureble woather
conditions, the ammual crops were sown, by the same
method as before, on B7.8.46, Germination was
rapid and good, but. severe abttacks by wvools in the
Lattar part of April, made it necessary to il some
gaps in the Arills of barley with fleld plonts.

Bulk sodl sanpleos weve taken from sll the plots
of each trestment in Pebruavy, but sinee the resulis
wera not available by im.é.éﬁ; a basic dvessing at the
rate of B owt, supsrphosphate (18% Py0,) and & owt,
mariate of potash iﬁﬁﬁ”ﬁgﬁ} was given %o all plots on
that dey. A dressing of 1 ewi./ae. Nitrochalk had
already been given to the anmiels ab sowing tima, to
compensate Lor the fact that they were second crops,
and the first dressings of Nitrochalk had been given
to the leys on 21.5.485, Apart from thig, the methods
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o applieation of fevtliliser, sanpling, cubtiing atcs,
ware s described for 1948 As already stated, no
detevminablonsg of Aigestibility of erude protein were
madés  On the other hand, provislon was mode for a

more detailed botanioal analysis of The grass plobs.

Botanicgl Analyeis

Since the same éaea,mi&ﬁura was sown, it could be
agsgumad that the initial botanical comvosition of the
slxteen plots of each grass was unliorm, The
treatnments and the methoed of cubtbing adopbted might
howaver, be eoxpected to affect the growth of the
constituent speeles in the sward in different ways.
Prosumably those which wore favenred, would increage,
1T not in nuber, at least in nuwbee of tillers,
while those whleh were noed Pfaveured would ba re-
stricted in growth and mipght. dle out.  Further, the
trestmants might affect the btop grssses in a different
way from the botdom graseses and so influonce the
closeness of the sward and the aresa of ground
romaining free from vegehatbtion.

A method of boltonical snalysis which would
demonstrate these polnbs was requirved,. and after
conglidaration, the Point. Quedraet Method, as deseribed
by Tenton (40), was adopled as the most suitables
Readings based on 10 casts of the frame per plot were
taken on each plot in Augnet, when the envirommenbel
Tactors could he assumed %o have axeried their ine
fivenes throughout almost two seavons. In Octobap
the estimate was repoated on all the plota of one
bloalks The vesuldts appear in their aperoprlalbe

Place in bthe text.




Toble £:6

lionth

Meveh
April
Hay

Juns

July
Aapust
Beptembeor

October

liarch
April
Moy

June
July
August
Septenber

Qe tobar

Sumuary. of Weather Date

1946 R
Ins~ T BB, ST (3R
1,71 98.1 48,0 85,8 59,9
1.52 150,65 5448 41,8  46.8
1,05 86604  G1.6 41.5 50,7
1495 161s1 6148 4Ts1 5449
B4 55 1187 63,0 52,0 5748
2,05 155,85  68.4 48,5 5649
Bl 7845 60,9 0046  B44B
0.78 95,7  BB6  42.0 49,6
Iiverage 1936 - 45
2,14 00¢1 49,4 86,8 41,6
1,70 142.6  BdeB  58.5 4648
2,69 1877 69,4 42,0  51.9
2,55 1779 65.6 4T.1 57,4
3,66 159,56 65,5 50,9  59.7
B4 82 169.5 65,9 50.8 60,1
5453 109,5 624  AT.6  B6.T
4,58 8245  55.5 gzua 51,0
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Rosults 1946

The 1946 teason

. Cubting of the leye commenced on 10,4.46 and
céntimuaa unbil october. The annual ereps worg sown
on 27.8.46 and were fivet cut sbout the ssme ime as
In 1948,  The dete of grch cut end the wesan height
ét eaeh'euﬁ%ing are ahown in Teble AZ:14,

The ennval ovrops yielded the ssme nuwber of culs
as In 1948 end barley sgein showsd the tendency to
.shoot in the leter pert of the season,

The gragses all yialded b euls, compared with 4
,in 1945,  Duwing the dey perioed in Moy smd dJune, the
tondoney of the remaining ITiallan eyegrass and of a
Pow parennial ryegrags plants to shoot was noted, bub
in no cape was shootling of cocksfoot obsaerved.

Giovew élae came into flbwgﬁ'in the middle of the
sesgon in gom@ pl0ts; Tarthar informalbion is given
in the botanicel notog.

Daily weather data for the months April to
Qétnh@r wore again obtained Lfrom the Plant Pathology
Deph, of the Wosh of Scotland Agriculiural Collega.
Thope are suwmarigad in Table 2:6. |

The figures show that there wap a long pariod
from March 4o June narked by low rainfall and high
sunshing. While theve was no period of official
drought; conditions ware extvemely dry end may have
limited growth. As in the previous yoar, low
minimam temperatures prevailed until Jung. The

Latter part of the season was narked by high rainfall




Table 317

Rt s auicoes SR P02

Vesn Percentages end vields of
Dry Matter (D.M,) and Crude Protein (G.Pe)

1946
Crop Treat- Yage vield %ége
ment S.'m- l_bft)sﬁ.-- CuPe
a/BCe

Vetches 1 14.36 2s779 26439 igvd

o

14,04 5,162 27.79 878

B 14,80 2,808  20.77 861

P 15.01 i 2,766 27.95 7S

Barley 1 10,23 2,850 16,36 467
2 18,89  B,049 18,72 6574

3 17.75 3,117  80.80 G52

4 18,21 4,008 18,34 740

Ryegrass 1 19,64 6,176 18,00 1102
2 22, 58 5,256 16,59 875

3 21.84 5,729 15,56 801

4 25 60 5;543 16,85 849

Gocksfoot 1 20,68 5,376  16.49 860
2 22.15 5,088  18.03 936

5 91,82 ﬁ,séz 15,16 9585

4 02,88 4,048  15.58 769
Standard error .
of difference _ N
botween 2 means 1.08 443 1.15 101

Blgnificant
difference ... 215 909 B.82 . 207
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with moderate temperatures ond sunshine. In general,
it was therefore favcmrahleﬁta pignt growthy.  The
Portiliser dressings in May and early June were alow
in disappearing Lrom the surface of the soll, but
there was no- evidence of scorching, nor did _
aséimila%ien of the Fertilisers appear o be unduly
delayed.

Dry Matter Percentages and Yields

The weighted mesn dry metber percentage of each
plot and the analysls of variance of thé data are
shown in Wable A2:1B. The mean percentages are
shown in Table 2:7 (Cols 1). From the analysis of
variance, it will be seen that, in contrast to 1946,
the only significant differences in 1946 were between
Cropse Table 217 shows that this was due %o a
difference betweon vetcheg and tha.cther CPrODPS,
With ryegrass, there was g significant difference
between treatment 1 and the other trealments, but
this, as willl be shown later, was due to differences
in botanlcal composition.

_ The total yial&s of dry @atﬁer per vlot and the
analysis of variance ave showa in Table AS:16 and
the ﬁean vields ave sﬁown in the socond column oFf
Toble 2:7.

The coeefficient of vaviation was higher th&n in
1945, but & highly significant difference was shown
between crops and the interaction of treatmenis on
crops was significant. Table 2¢T7 shows that barley
troatment 4, was the only snnual erop yleld

significantly highar than the controls, while among
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the lays, ryegrass treaﬁm@nt 1 and cocksfoot treatient
5, were significantly superior to all other ylelds
except that ol rysgrass treatwment 3.

Crude Protein Percentages and Yields

The relevant data on the welghted mean crude
protein percentages arve presented in Table ARs17
and Table 2:7 (Col. 3).

The analysis of variance shows that crop
differences and a vériation in regponse of the crops
b0 treatments were respounsible for significant
difforences. ﬁhis point 1s illustrated by
congideration of the mean perceoniages (Tahle.2;7)
which shows that vetches treatment 8, barléy treatment
8, ryegrass treatment 1, and cocksfoot treatment 2,
were each greater than the protelin percentages of the
5ther corresponding erop %raatments, the difference
'bcalng gignificant in sevei'al cases.

The ralevant data on ylelds per acre of cruda
protelin are presented in Teble AB:18 and TPable 2:7
(Gal;‘4). Again, as would be expected from AL:16,
the coofficlent of variation was rather high. The
gnalysis of varlance shows highly signifieant differ-
ences due to crops and té thoe interactien-oﬁ
treatments on cerops.

In Table 237, it is of interest %o note that
vetches treatment 2, barley treatmént 4, pyepgrass
tréatmanﬁ 1, and cocksfoot ﬁreatmanﬁ 3 poave the
highest yields in tﬁeir rospactive crops, although
the diffference was significant only with ryegrass.

In general barley gave a lower yleld than the other

CrOPSe
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Yeagonal Disteibution of Vields

As for 194H, gravhs and tables were proparad
showing the rates of production by sach crop under
the treatments. These are presented in the Mig, 2:3
and Tables AS:119 -« 28, for dry matier and in Fig. 2:4
and'@ablesléﬁzﬁa - 86 for cyrude protein. In
| constructing the graphs, i% was aasuned. that loys in
sp@ing garcied 200 1lb./ac. of dry wetter with a crude
protein percentage of 15, Further comment will be
ma&a-qm these points éfter the botenical changes have
been describeds | |

Botenieal Wotes

l.oas of‘vigcur~after cutting, failuve bo produce
2 third cerop and heavy weed infes#aﬁien\tGWards the
end of ‘the séason, were agalin noted with vetehos.

Barley under all troatments thinned out afﬁar
two or three cuts, and weed infestation wasAag&in
| Pairly hoavy after mid-zoason ‘-

The lays;commenned growth early and the Pirst
cuts were all taken in ih@ mnnih ol April., After the
Lirst two cuts of all plots, Etalian'ryegfass which
had been preponderant iﬁ,lQéﬁ, bocame a very minor
constituent of the sward. As é result of the drought,
the height reached by the grasses (in particulsar by
the ryegrass) before seed stoms weére developed, was
lese than normeal, éna unless the plots ware cut when
still very shorit, shooting could not be prevented.

In consequence, the June cuis were rather low In
protein conbont. Botanical analyses were carried oub

on each plot in August and on sach plot of Llock I in
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Qotobor, Tor ease in comparison, bthe psrcentage
elover noted in November 1945, tha mean botanical
composltion of cach s8t of crop treatments iun
August 1946, and thoe botenical composltion of the
plots in bloek I in October 1946, are shown together
in Table AR:RT for ryegrass and in AR:88 for cockelooh
© With both leys, btreatment 1 showed a highew
proportion of clover and a lower. proportlon of the
dominant grass than where nitrogenous manures had been
appliad. In the latter treatments, the lowest
propertion of clover and the highest proportion of
Cgrase was shown when +thoe menure had been applied in
two or mowe dressings. - The number of blanks. was
appreciably lower in the controls than in the itreated
plots, Betwesn Anguaﬁ~§nd Ootober, a deeline in
~clovaer percentage was ghovwn by all treabments, While
the Cetober readings were derilved from only one bloek,
the change probebly illustrates the essentially
changing eharaater\cf & grasslend sward. The
decding noted is probebhly due to the clovers ceasing
prowth earlier in the autuwmn ﬁhaﬁ the graséés,
Differences were also invariably appsvent between
the leys,  When treatwents are comparved, it will be
noted that the dominent grass was always higher and
the clover lower in the cockefoot then in the
ryegrass leys, and that the percentage of blanks was
appreciobly hipgher iun the cockelfoot leys. he
rather tufted, upright growth of cocksfpot probably
explains its greater reslstance to vwhite clover and

the greater number of Dlank speces in the swards




DISCUSSION

The following discussion is based on the combined
ragults of two years of the experiment.

The effect of geason and monures on the prowth rate

Blackman (59) has shown that the nitrogen supply!
has a profound influesnce on the growth rate of pasture
when the soil temperature at a depth of 4 in. is
within the range of A2-47°P,  When tho soll is warmen
and biological nitrification can take place, the
supply of artifieial nitrogen was Tound vo be of loss
inportance,

In both seasonsg, temperstures were low in April
and May and ag reference to Pigs. 2:1 and 2:8 and to
Pables AB:6~0 and AB:19-£2 shuﬁs,similar rogults to
those of Blackmen were obtained.

The dilfference in growth vate between treatments
ag measured by dry matiter yield is neglipgible with
the vetches. This crop is however leguminous and ag

Virtanen (41) and others have shown, the leguninosoe

can fix atmoaphoric nitrogen by the aid of the
sypibiotie legume nodule bacteria and are theroefore
largely independent of other nitrogen souwrces.

With the ecereal and the grasses, the application
of nitrogenous marures in treatment £ increased the
growth rate and thus shortened the btime to the first |

ecut and reduced the time interval botwaen cuts in the

early part of the season. Treatment 3, in which a
sacond application was made, somewhat reduced the time
interval to the firast cub and between the second

application and the subsequent cut, but the effect of
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treatment &, in whiéh the. dresgings were spread over
a longer season, wag rather to prolong the growing
season and with berley to incresse the yield.

Owing to the spomevhat variable growth of the
bavley, pardicularly in 1946, and to the changes in
botanical compoesliition in the leys in thﬂi? sacond
yeaer, these differences weve howaver not very marked.
A detelled examination and discussion of the effects
- of nitrogenous manures is reserved until Part III,
in which experiments on more unifoym material ore
reportod,

The Total Yields of Dry lMatter and Crude Protein

and their Sessonal Distribution

The pesults show that theve were wide differences
An to@al.preducﬁion between crops end that,
pawrticularly with the leys, the seasonal distribution
of the manurial applications affected the yields,

™he resulis from the annual crops should he
comparable In the two years sgince the only variable
was the woather, In actual faet, they were in very
close agroement. . Treatment 4 on barley showed the
only aignificanﬁj@iffEreﬁeg in yield between the years,
VYetches (Tables 2186 & 7, AR:16, 10, 19, 23)

While the mean dry matter percentoge of the
vetehes was ralsed from 11,50 in 1945 to 14.5% in
1946, presumebly by the drought, the ylelds of dry
matter were similay in both yoars. The vresualts show
that £2 =~ 27 cwi« of doy matiter were produced in two
euts in June and July, but the crop did not persist in

growth after the asccond ¢uts However, the crude
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protein percentage was very high, 28 - 30¢%, and the

value of such high protein material te the stock
!feeder for belancing starchy feoods is considerables i
IBecause of the high percentage of arude protelin, the
yield of protein per scry was higher then with the
mireated loyss Thera wos an iﬁcreasﬁ in yield of
agbout 100 1bs crude protein per acre in trepntments 8 |
and 3, compaved with the control in both years. This
inoreasy, while supgesbive, was not statistically
signiticant.

In. the experiments and in practical faim

exparience, it has been noted that the veteh crop is

dificult to cut and handle, Nevertheless, because
off its high yield of high protein materisl at a seasbni
of low productivity, the inclusion of an area 6?
vatches in a cropplng programe for dvying, might be
Juatifieds

Barley (Tebles 2:5, 7, 8 & AZ:7, 11, 20, £24)

The differences in climatic conditlons raised the
meen dry matter percentage of the bavley from 164 ia
1946 to 18% in 1946, but the results ghow that the
total yield of dry mabter was comparable with vebtchos
in both yesrs. However, production was spread over

b = & cuts, from late Mey till wid-August and in con-

seguence, the yield per cut was rolatively low,

particularly so towards the ond of the season. The

somewhat low total yields obtalned, and in particular,
the low yields fvom the later euts, would scarcely
juatify the cost of cutting and collecting the herbage

in practice and militate againgt the adopbion ol
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barley under thoe condliions deseribed, as a drying
CrO e The low total yields of erude protein
obtailned from all bub one treatment {treatment 4 1946)
support this conclusion. It will be noted, however,
that the crude protein percenitsge of the first cub
roached a high lovel (22 =~ 30%) where treatments 2 on
% wore applied and that the dry mabbter ylelds from
the Fivst cub, particularly in 1946, when cutbing was
somewhat delayed, sccounited for 'a high proporiion of
the totel yields. It has been the practica among
gome operators of grass-driers, to cul cereal crops
such as barley and whealt once Lor Acying and then

to allow the crop to ripen Lfor harvest, and in a field
trial at Kirkhill, this practice showed o net gain in
yield of foud per acre.

The results of the present experiments suggest
that en appreciable increase in yield would be
obtailned if 8 « 4 ewtsfac, of nlirogencus wanure werg
applied in spring. A comparison of the yields of
protein after the Tirgt cut in treatment 1 and treat-
ment 2, shows no significant differonce betwaon the
two treatments,. In producing - maliing barley, 1t le
important that the protein percentsge of the grain
should be lows  Hunber (4€) has shown thab eaply
applications of nitrogenocus manure increese the yleld
and do notv impair the quality of the grain, and the
results above, show in effeat, that by sinilar treal-
mant, a green cateh crop can he obbtalned withoutb
affecting the subsequent producition.

The vesults indicabte that the growing of barley
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polely as a drying erop is not practicable, but that
nltrogenous manuring fer a firaet cut Lor deying can
inerease the total productivity of a cereal ¢rop.
The leys became established in 1945, but there
was no real dlfferentiation belween ryegrase-and
cockafoot~ dominant ley uniil 1946, Since the
results from both leys were similar in the flrst
year, they are discussed togather.
Both Leys 1045 (Tables 218 & ARs8, 9, 12, 13)

The 1éys in their firet year produced from Bl -
49 cwt. per acre of dry matier, l.e. from 5O *'iOO%
more than thoe annual crops. he crops did not come
into production until July, but 4 cubts were ovbiained
Trom each treatmant between then and the end of

Qetobar, Significant regponses in dry mabter yield

to wanures were shown in wmost treatments, but it was |
only in the itresatments vhere later dressings of manurey
ware applied (5 and 4) that the lasgt cubs were
sgufficient tc be of economlc lmporianca,

Bafora considering the response in proteln ‘
percentage to the treatwments, it is of interest to
note the progressive increage in protein percentapge
shown by the control treatwments, from 14% in July

to 21% in October. As with barley, the protein

percontage of the treated plots at the first cut

increased in propordlon to the welpght of the first I
manurial application In treatuwont 2, after a high

percentage o the first cut, the resulis followed the
game btrond as treabment L, bud in treatments & and 4,

a relasively high protein percentage wes mainbsined
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throughout the seapon,  An explenation for the high
vrotein percentages shovwin in the final eut by treat
ments 1 and B has been soughts from Pable A85i, 1%
wild be noted that the last Qﬁ%ﬁ of these treatients
were vather shevl, while Tebles A2:27 end ARi2B show
that %h@'pé@camﬁ&ga of olover was Padrly high by the
aubuwm.  Both of these factors presumably contributed
te - the high protein percentage rscordeds
The highegt responses in crude protein yleld to
maﬂnﬁiéi treatment were shown by troatments 2 and B,
In both leys, teeatment 3 atbained the same level of
vield as btreatment 2 by the dgcond eul, but treatment
4, 1n vwhich thres dressings of mawure ware given - _
the laat at the end of July - gave a lower total yleld.

Byeprass Ley 1948 (Tables 217 & AR:21, 85)

By 1946, Itallen wysgrass was of 1ittle impoprbance
and the swards consisbed almost enitirely of verennlal
pyegrass and white clovers  Due to the soason, the
moan vy matber par@@nﬁagﬁ wea about B% higher then in
1948, buid, preobably for the ssue reason, the total

viglds of dvy matder aid not greatly egeced those of

the previous season. The resulits weﬁﬁ anomalons, in
that the control yleld execeoded that of suy of the
Itrenbients o which mapure was applled, All treate
mentn ylelded 5 outs in the season end these were, in
every case, of agonomia values

In orude protein pevcantegd, btreatment 1 showed
8 simdlay upward scasonal trend to that notesd in 19453
in trsatment %% tho firat manurlal application

infiuvencad ths ﬁ@rcemtage of protein in the fisst two
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cubs, and the lowest figure was recorded lu June. ;
Treatments & and 4 which receilved lighter dressings
of manure in spring, again showed the lowest value

in June, and then after two cuts at about 17H,

ghowed an end of season rise to 20¢% in the Final cut
in ﬂétobar.

In yield, as in percentoge of crude proiein,
treatment 1 (control) exceeded the other treatments
and 1t ls remarkable Tor the unllfomity of 1ts growth
rate. Treatment & accelerated the early production
of protein, but production was reduced in mid-season.
The other itreatments com@arad unfavourably with the
control throughout the seasons Those resulis arve
related to th@,botanical‘comyaaitiun of the sward
and are discuspsed later,

Gocksfoot ley 1946 (Tables 2:7 & A2:12R2, 26)

Coaksioot and white clover were the dominant

gpacies in these leys in 1946, The mean dry matter
percentages (obout 21%) were similar to rycgrass ond |
about B% above the 1945 figures. Yields of dry
matter woere of the smms order as from ryegrass, bub
the eontrol yield wen signilicantly exceeded by
traatment 8,  The other treatments wore however not
algniflicently greater than the control.

" Tive cuts were teken from all treatments. ALl
culs ware heavy, but attention is drawn to the very
heavy yield from treatment & ln Aupush.

The peasonal distribution of crude p@oﬁ@in PEP=-
contage paralleled the results Lrom Pyograss. in

total yleld however, both treatments 2 and 3 excoeded
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the control, end the peveentage of the total yield in
treatment & given in July and August was far higher |
thon in the corresponding nyegrass treatment.

Botenieal Compositlon of the Leys
(Tables A2327 & 28)

The anomalous resulits chitalned Lrom the leys in
1946 may be attributed slmost entively o their.
di€forences in botanical composition. The drought
conditions in epring, which were inimical to the
growth of grass, favoured the spread of clovén. The
rosulis of analyses taken in August 1946, indleate
that cockslfoot probably because of its more tulted
and upright hebit of growth, resisted the spread of
clover better than dld rvyepgrass.

Glover, which spread extengively in the control

traatments, is relatively 1ittle asffected in growth

rate by season, lowrsover, the intensive bilological i

ifixatimn of nitrogon in such & sward provides an smple
supply of nitrogon for the remalning gragsas. Theve i
ﬁwa fTactors Qsdbably aﬁcaunt Por tho piveady »ate of i
production Shawn.by both sontrel {treatuants ﬁhraughgut!
the seasons |

fhe high production by some cockafoot swards in

dJuly and August has already bheen noetad. Comparison

of the gradients of the production curves of treate |
ments & and 4 for cocksfoot and ryeprass indicates ’
%hat cocksfoot shows a higher wresponse to nitrogen g
at this time than does vyegrass. High productivity

ol herbege by cocksfoot al this secason has been noted

by Abevystwyth wovkers (45). The results obtained




Table 2:8

Total Yields of Witrogen, Ib./ac..

Trontinents 1 g 3 &

‘Vetches 124 241 148 188
Barlay 66 06 96 91
Ryegrass 111 155 1586 129
Gockalood 106 150 138 116

1946

Vetches 118 140 138 125
Barley 75 92 104 118
Ryegross NG 140 143 136
Cocksfoot 148 150 1558 128
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gugpest that this superiority may be due to a higher
gfficioncy of utilisation of nitrogen by cocksfoob
at thils season,

The Recovaery of Niltrosen

2

he racovery of mahurial application byhéﬁops isg
a matser of some cconomic importence and the resulis
of these expaﬁiments in rospect of niltivogen havg_bqan
exsmined, from-this viewnoint. |

A plmple balance sheet of input based on the
applications of nitrogenous manuve, and of output,.
based on the yields of erude protein, cannot however
be apolied with any confildence to results such asg
these. B

The plant obtalns nitrogen not only freom wonurial
applications, but also-from nitrification of ovgenle

watter in the soil. Tegunes, as has already been.

noted {41) can £ix atmospherie nlitrogen and thus add
to the stocks prosent in the sell, while free hacteria
and mycorrhyze wmoy contribube small but apprecisble
amounts of nitrogen to the soil,. The yields of
nitrogen per acve shown in Table 8:8 (derived by
dividing the mean yields of crude protein by 6.,285)
dapend therefore on the relative imporiance of the
sources dasaribed.above. Por ingtence, the yield
from vetches treatwent 1 or from ryegrass treatment 1
in 1246 is guite independent of artificlal sources of
nitrogen. In the cage of barloy however, where
leguninous olants woeve absenb, the yileld fvom treat-
ment 1 may.ba taken as the contyol and this yleld,

whon deducted from trestment & shows a net reeoveny
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of nitrogen of 43 lbs 508 1lb. of Nltrochalls contalns
61 1b. N, so that in this case, if the nitrogen in the
bagle dressing i exeluded, the percentage recovery
was T0.5. The recovary in treatments 2 and & in 1946
and Trom all treatments in 10948, was obviously lower,
The guestion of nitrogen recovery is discusaed inl
greater detall in Part IIX, where the control treatw

ments provided a more rellable basis for caleulation.

LCONOHIES

Introduction

8o fary only data on the yield and composition
of the material obbained from the crops and treatments
have been diseussed. In agricultural practice, the
final criterion which determines whethsr or nob any
agriceultural develeogment ie adopted, is however, its
profitoblencss.

Sinece the primary cbject of this investigation
wés the examination of wmothods of crop husbondry
guitabla for pﬁsﬂueing green crops to be dried fov
stock feeding, it was decided to estimate the cost of
material produced under the various treatmonts,
baging the caleulations on th@ agsunption theat the
herbage would be produced and diied uader large scale
conmarcial conditions.

Reference hasg been made Lo the caleulation of the
cost of production of dried grass by Roberts (5),
Dixey (6) end Mclair and Fowler (8). The latter have
dealt with cosbs under the fallowing headinps: - raw
material, cutding snd collecting, drylng and grinding,

overheads, and deprociation.




Agbual costs hoave been detewmined on the
Inagtitute fava over a period of years and thoge
figures have formed the hesip of the estimates of the
relative costs of the wvarlous trestwents, which will
now bhe discussed.

Hethod of detarmining eonts

Row Materdlal.  Basiog the costs on Pavm experionce
and on the materlalsg used in the @xp@vimenm,'tha |
bagle annual eharge for culbivation end sowing of
sash orop wag dotermined as shown in Table A2:29,

At a8 conservative ostimate, the leys were given a
1ife of § yoars snd 1t was smgsumsd that phosphates
and potagh would be applied anpmually as already
dagoribed. The hasic annel charges poary acre ware
then estimated to be as follows. Velches £18: 63 8,

Barley £10: 23 8, Nyograss £4:113¢ 4, and Cocksfood

88y =2 = In treatwents 8, 5, and 4, the Nitrochalk
appliscd was charged al cosh, (91:15/~) and a charge |
was made Lor the epplication of the top dressings ab
24« per acre for each apclications

For each cut, the following charges ware made,

bting end Cotleostlons  Since 1t has been

dotermined that there ls litile variation in coat off |
entting with welght of crop, cutbting was charged on
an aereage bagiss . Beeause of the difficulty
experdenead in cuiting vetches, they were charged ab
10/+ per scre, while the other crops wers charged at
B/6 per acra.

Whather crops are collected by hand or by
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machinery, thoe cost of collschion is wmore closely
volated to thelr bullkk than to thelr apporent density =
d.0. the moisture conbent and green weight of the crop
are of velatively less ilmportance then its dry welght
DaPr AGre. Aecopdingly, the charge for collection was
hased on ths dvy welghb. A hag bean shown by ﬁcﬁaiﬁl
and Powler and conflrmed by recent facm costs, the
cont of collection per ewl. vavies inversely with the
dry waipht off the arops Racent farmn cosbs ranged
from B/ per cwhe doy matber for erops of 9 cwi. paw
acre and over, to %76 per cwbs for crops of 3 owhs pap
aeves  Accordingly, the cost of collection of the

grop was chavrged on the Tollowing scalesw

8 cowh. por acre and above ‘ B/~ per awbs
63 cwbs per acre 8/6 v w
4_.,{5 QVI‘BQ 1 " 5/," 14 1
Bowbe ¥ | 56 ¢ b
2 owbe Tt and below Gfe MW

Drying and Grinding. -~ he cost of dvying of crops. lg,

on the other hendy profoundly influenced by thelw
molebure porcentage.  Several modern grass driers

{ 2egs¢ 8y Dy & ©) are designed to ovaporate
a@proﬁima%@iy 18 cwt. of molature per hour, i.e, to
produgs 4 owde por hour ef dried groge from original
material of 80% molsture content, Survant Pfarm
experianee shows that the cosleg of running such & dnrier

and, grinding its produca, including cest of lobouny

e P & MY Grass Deigr.
e Meomplewood® Grags Drier,
Co I.0.1 Mark IIT Grass Drier.
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fuol, power, bags, =nd running repairs, is about 15/
ver houl. In Teble A2:40Q, the yields of dried grass
par hour %o be expected from a drier evaporating
1B ewt., of moisture per hour with grass of varying
moleture contents, are shown, together with the cost
of drying per ewbs, when the cost per hour is 185/
The cost of drying each cubl was based on its
yield to the neavest cwhs apd 1t dry matter PENCSIL-
tage to the neavest B%. By these wethods, the total
coat of producing and dvying the herbage, per ascre and
per ton Tor each tyéatmanﬁ in 1945 and 1946, waa
eatlmatad. Sinca, in practice, they would seldom be

cut, yields per out of less than 8Y cwte Der ascre were

lemeluded from the calculations. As examples, the
caleuvlations for vetches 1, barley 8, ryegrags 5, and !
cocksfood 4, in 1946 are shown in Tables AR: 81 - 34,
It will be noted that no charge has been made Por rent
o for depreciation of @quipﬁenti Thape Lactors
depend lavgely on the intanslty of utilisation of the
land and machinery and in view of their varigbility,
they have been excluded, but £8:10/- per ton or £6

per sere might be suggested as an indicabion of the
magnitude of these charpes ob the present btime.

Retermination of the Mood Value of the Dried Herbage

in order to demonstrate the profitability of any
commodity, it is usual to compare its cost of
profduction with 1lts selling price. Dua to the Tact
that dyried grass is an important source of carotene ond
is an unvationed feeding stuff, lts price (£20-30/ton)

is however, somewhat inflated., Nevertheless, 18
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grass~drying is considered as a mothod of fodder
conservation applicable to the farm, and not solsly

as & seni-indugitrial proeess, peimarily concerned wilth
carovene producition, it mast be judged in the sane way
as other feeding stuffs, l.e. on its general feeding
value.

Caleulation of Nutrient Value. Watson ot al (44)

heve shown that the nuvrient content as gtarch
aguivalent (8.8 ) and protein equivalent (P,H.) of
dried grass con be caleulated by substituting for x
in the following regrossion eguationgy—
Whare X = Porcentage Crude FProtein, P = Protein
Hguivalent, and 8 = Staveh Houivalent
P = 0.96B8% - 5,839

and B = 0,6084x 4+ 40.828
These sguations were used to caleulate the nutrient
value of the herbage from cach treatment.

Applicntion of Food Values to Expeorimental Resulbs

. The nutrient value in 8.8, and PuE. of each crop
wag oaleulated from the weighted mean crude protein
percentage (Tables 213 & 247) and, from the caleulated
S«i and P.W., and the unit values adopted®, the food

values per ton and per acre were calculated.

*Galoulation of monéitery value, Before 1989, a
atandord method of determining bthe value of Peeding
gbuffe (45), together with a list of the currvent values
was published in the Journal of the Ministry of
Agricultiure., |

This method is no longer applicable however, since
Peading stuflfs arve rabloned and thely prices controlled
for the standerd protein fopds are cheaper than the
starchy foods and as a result, when the wethod is used,
orotein equivalent has a negative valuel

The same method was applied however, with
equations based on the current prices of home grown
beens. and oats (Table AR3185), and the unit values were
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An example based on vetches tveatmont 1, 1946 is
included in Wable ABs&l. Teom these Tiguves, the
profit per ton send pér acre were dervived. In view of
the suggestion bthat the fivst cut of barley, treatment
2, might be used as a cateh crop, the calculations
with the basic annual charge sxeluded were made Lfor
the Tirst cut of barliey trenitment 8 1n ench yoar.

The pelovant data are bvabulated in Tebles AR1DHG & 57.

Discission of Heonomic Results

The estlmated costs per ton for prass are of the
same order as other recent estimates (46) and it is
congidered that the results may be accepbed with some
confidence.

Comparison of the results of the two years shows
that there was a pronounced reduetion in cost per ton
in the second year. It will be recalled (Pables 2:3
& 2:7) that the moisture content éf the hdrbage was
appreciably lower in 1946 thon in 194b. The observed
reduction in cost is abbtributdble almost enbdirely to
this lowered woisture content, a fact which confirms
the concluslons of lieNaly and Fowler (8) end others
regar&ing the importance of low evaporative costs Lop

profitable grass~drying.

i

caleulated to be 12.584/- for P.B. and .80/« for S.l.
These values were unduly high, when applied b0 other |
feeding stuffe svallable, snd after consideration,
anlt values of 9/~ fovr Pylls and 8/« for S.H. were
adopted. When these values were gpplied to a
National Gattle Compound and to oats end beans, they
gave caleulated values approximating to the coet of
thege foods as fed on the famae  (These caleulations
are included in Table ABi885).  Accordingly, it was
considered that thoy could be uvsed with confidence in
%gaasaing the value of dried product at the present
AL
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In both years, vetches showed the highest cost
and the highest value per ton, bult when the combined
rosults of both yearsg are congldered and the need for
an additlonal charge Lfor rent and overhsads ls taken
into sccount, even troatwents 2 and & are shown 1o be
baraly'@féfiéﬁble. The high protein porcentage of
the vetceh érop and the faet that 1t could be so
managed to £ill the July trough in production, might
however justify the inclusion of a small acreage in a
erop-drying programmne and estimated costs are not
unduly uﬂfavaurable_to this suggestions

Barley which is second bobth in cost and in food
value is shown to involve a loss in all treatments
oxcept treatment 4 in 1946, end the utilisation of

the crop for drying could not be justified on a baslg

of food value., Nevertheless, the reosulis for the |
firgt cut of treatment £ show a profilt in both years
and in view of the high protein content of the material
the practice of taking one cub as a. cabeh erop might
seem worthy ol adopbion. Unfortunately late May is
the peak period of grass production and where a driey
is working to capacity, 1t mipht prove difficult to -
utilise the crop at that time,

Loye are clearly the most profiteble crops under
she conditions desceribed. Gross profits, belore
applying overhesd charges Lor rent ete., range Lrom
L7 - lavper acres The control treatments in general
show a low cost of production, and with the 1946
ryeprass, this treatment shows the hlghest recorded

vrofit per acre. As hag already been stated however,
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a high proportion of c¢lover ln the herbage is not
favoured by grass driers and -the swards under these
treatments, while highly produetive if grazed with
care, would probebly be considered unsultable for
drying. Treatments 8 or 8 are therefore the best
for grass-drying purposes,

The inﬁerrélaﬁian of cost per ton, Tood value per
ton, yield per aere, and profit per agra, is .domon-
gtrated elearly by the figures, With ryograss in
1946, for instance, treatment 2 cost wors per ton, but
1t had o higher food wvalue end showed o higher pﬁafit‘_
per ton then treoatment &« Hovever, the latter, by
vivtue of its superior yield, gave the highest profit
TR acre.

These reosults which combine the fectors of yield
and its distribution, nutritive wvalue, efficiency of
utdlisation of fertiliser, ebe., indicate that leys
are guperior %o annual crops and that, where a clovery
herbage is not desiraed, the a@piiaatién of rolatively
heavy dressings of nitrogenous manure in the earliep
Ppart of the yesar giveg the most satisfactory resulis
from the grasg-drylng point of view. Vo consisbtent
difference botween ryogress ond cocksfoot loys was

observed.

STATTSTTIGAL _ NOTA

& note on the velue of small gize sampleés for the

astimation of yields of herbage

Introduecthion

It will be recalled thet four rendon samples,

eash of 72 sq. 1h. ares, were taken from each plob
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before it vas cub. These four samples were bulked,
weighed and @ried down to be stored For chomical
analysos.

An experionced operator can estimaite the yleld
which will be obbtained from a groen arop with a falr
degree oi accuracy, bubt, since in practice o sample
for moisture determination is in any case frequently
halten, the question arose vhether the colleetion and
welghing of a fevw smaldl randomly selected, but
accurately measured,sanples from o fleld, might
provide a slmple, bubt wors relisble index of yield.
lothods

In order to ilnvestigate this point, the yields
par acye from the first cut of each ylét in 1945 were
calenlated from the total plot welghts {true yields)
and. from the quadrat senple weighls (estimated yields).
The results, which ave shown in Tables AZ:38 and AL:E9
worae gach subjected Lo anvlysis of varisnce.

The coelficients of variation were comparable
(164 ond 14%) and in vech case differences botween
crops wore shown to De highly sigaificant. With the
astinated yilelds however, signiflcent differences were
alsg indicated between treotments and in ervop-treatment
intersction. The general mean of the estimated yield
(1,945 Lb./ec.) was conslderably higher than that of
the true yleld (1,614 lb./ec.) |

During computation, it become apparent thet the
crops differed in the ratlo of esbinated to true yield
and this was confirmed by an snalysis of covariance

(Teble A2:40) which showed that the patic of true i
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estimated ylold differed significantly batween crops.
The extent of the differences is shoim in Table ARs4l,
From the regression egquations shown in this babley it
is apparent that weighing the ylelds of the swmall plots
was valueless ag 2 means oFf estimating the yields of
vetechaes or of bawley, but provided a fairly. ascurate
QS#imﬂtﬁ when used wlth the leys. The elgnificeance
attributed to treatments and erop-treatment inleraction
may also be attributed to the lneéreaged estimates given
by the amaldl plot yields.

Discussion
sukhotme (47) and Mehelangbis (48) have recently

ghown thet small sige plots pre 1llable to over-
eptimate yields, and the latter hag suggested thet for
Jute, wheat, rice, etc., the minimun size per plot
ghould be 40 - 5O sq. £b.  Sukhatme has suggested
that the overesbimation observed may he due to the
relatively groator edge in the small plot and the
inereased difficulty,end the added importance,of
|precise definition of tho edges  The resuliy obbained
in the present shudy confimn this sugpestlon.

Since individual grass plants are small, the error
“1due to the inelusion of one or more planits oubtwith the
precise hrea of the plot was negliglble. HMoreovey,
hecause of the high Jeneity of plants and of their even
distributlon, a relatively uniform nuwber of plants
could he cub from any areq, The annual orops, on the
other hand, were pown in deills and the weight per
plant wag much higher than with grasses. The numbar

of plants ecut might therefove vary widely according to




the position in which the frame fell,while the
inelusion o omlssion of & alngle plant might leed to
an- gpprocisble ervor.

Conelusion

- Blnece the net experimental area of oach plotv was
218 sgs Pl - four blmes the minlmum suggested by
Mahalsenobis, it may be asgumed that whola plet yields
do provide s true index of the hevbage oubput undedr
dlffevent treoatmonts, On the basis of the caloulated
regression equations, it is eclear however that the
yilelds frow small guadrat samples are of no value in
Jestbimating the output per sere of erops such as
vtehos and cereals which evs sown in drllise They
do furnisgh s fa&aﬁively aceourate enbimnte of the oube

out per gore from loyse
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PART IIX
FURTHER _STUDIRS ON _THE RESPONSH OF
GRASSLAND _SWARDS _TO _FERTILISER TREATMENT

Introductlion

The results from the first year of the experiment
deseribed in Part II, indlcoted that, under the con-
ditions of menagement ndopted, grassland would glve i
the highost yields of dry matiter and crude protein and
would show the highest response to dressings of
nitrogenous manure.

It was therafore decilded thalt further experiments
should be carried out in 1946 and subsequent seasons,
in order to investigate the following guestlonsie
1. The extent to which the total seasonal yield of
grass nubtrlents could be increased by lncreasing
applications of manurial dressings and the level at
which menuring would become uneconomle.

2., The extent to which the seasonal distribution of
yield wag influenced by different systems of manunring.
In particular, a comparison of the efifect of similor
guentities of manure sgpplied in one buwlk or in small
froquent dressings and a comparison of nitrogenous
manuring wish and without complementary phonphate and
potashe

S« The effect ol these techniques on the chemical
composition of the herbage and lis Leeding velue, and
in particular the effects on proteln, carotene,
caleiun, and phosphate, and on thelr inter-relationshir
4.  Their influence on the efficisency of rocovery of

nitrogenous feritilisers.

o
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Bs. ‘Their effects oﬁ the boteniesl composition of the

groassland,

Be Their influence on the resction and ph@sphaﬁa and

pobtash conbtent of the 801l

It was declded that the axpérimsn% ghould be

carria& out on two types of grass land - 2 .one yeoar.

ley and an established pasture or semi-permencnt ley.
METHODS

Selection of site |

Two suitable areas of grasslend were selected for
the experimente; one of these was & one~yoar leéy of
Ttallan coyegrass ond Broad Red Glevav which had been
sown~ont under barley in 1948,  The other was a four
year old, ryegrasg-dominant, long ley which had been
rotationally grazed by the dairy hord for the previous
three yearg. The winter LO45-40 was eemparaﬁiv&ly
mild, and sinee the Tlelds in question were not winter
grgm&ﬁ, the swoards were in good condition when the
axperimental areas were enclompad in Pebruary 1846,

Theoe two parallel expsriments were Jdesignoted
Serié& 3 (ITtelian myegress) snd Sevles ¢ (Hstablished
pasture)s Tor convenicnee, thig terminology has been

reteined in the following disonssicn.

Plot size and layout

The 1/200 sc. plots and the plot technilque
dogeribed in Part IT hed been proved by expérisnce to
be satisfactory and it was decided that the sawe plotb
sige anﬁLmethads ghould be employed in the new
expariments, However nine manurial treatments were

proposed and to keep the experiments of a manageable




Toble S:1

Skeleton Analyais of Varianca
27 plots in & blocks of 9

Sourca of Variation bepreas of Nreedon
Blocks 8
Rows B
Treatments 8

Rrror 14

Totel 26
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not available when the plots were lald off. As a
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sige, those were replicated only three times on each
sward, RNach experiment therefore consigted of three
blocks of nine plote and was erranged so that each
traatment appeared in cach block and in oach row.

The skeleton analysls of varience ias shown in Table
831ls While thoe analysig 48 incomplets it was Lelt
thﬁt the praeﬁiaai.advantagas of the 1ay§ub outwelghed

any theoretical reductlion in accuracy,

Memmrial treatmonts

Ap in Part 1T, Mitrochalk was used as the
niltrogenous manuare, This is in ragulay use in fermping
practlce at Kirkhill and in view of the large
applications eonitemplated, 1t was considered preferable
to sulphate of ammonia, which was likely +to be harme
ful to crops and soil when applied in heavy dressings
(49}

Lima, haesie slag oy superphosphate, end muriate
of' potash were used Iln the basic dressings, to be
described later, but when phosphate or potosh wers
applied during the season, & compound concentrated
complete fertiliser was used., The compound used
(Z.€4L¢, G.0.T% Noa 1) comtained 1% W, 18% 9,0, and

As in The experiment deseribed in Part II, soil

semples wore iaken in Fabruary, but the resultas were

hasal treatment, all the plote were howover limed ab
the rate of & ton Ground Limostone por scre. In
Series § a dressing of & ewbe superphosphate (18% P0g)

and % owb. murlate of potash (60% K 0) per acre wes

L™ 5]
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applied, but in geries 4, 5 cwt. basic slag (18§ Pg0g)

had already boen applied to the field in Pebruary and

ne further basal dregsing was given,  Experimental

dressings wore as followsi«

A 18 cwbs/ae. Witrochalk. 6 ocwhbs applled in Mareh,
& ewb, dn Moy, and 6 ewb. in July.

B 12 ewlis/ac. Nitrochallk. 6 cowi, applied in larch,
» 6 cwh. in May..

¢ 6 cwhe /oo, Nitrochalk applied in Harch.

i3] Control =~ no application

B . 8 ewbs/me. Nitrcchall in Merch snd after each cub.

F 4 owhe/ee, Hitrochalk in Mareh and after cach cub.

G 12 ewbe/ace Nlitrochalk. 2 cwih. in March, 6 cwbe

Lin Moy, and 4 owbs in July.

H .8 a@%g/aﬁg Witroehnlks 82 owi. in Maveh, 2 owbe
in Moy and 2 cwhs in Julye

I 20 owdefac. of a mixbure of egual paris of GiﬁsF.l
and, Witrochalk.  B.66 owbe in Mareh, 6,66 cwh. in
tay and 6466 owb. in July.

Trontmonts A, B, €, end D, provided a comparigon
of the relative effects Qf three successive heavy
dregssings of Witrochall, Troatments B and T were
designed to show the effeet of freguent 1light
applications. In treatuent ¢, an attempt was made to
waintain the production of protein in the natural
sgading period, by apvlying the hesviest dressing in
Maye Treatments B and G, and 0 and H compared the
different methods of distributing the same guantity of
fertiliser, while in treatment I, the epplicetion of

nitrogen, which was similar to that of treatment A,
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vog supplemented by phosphate and potash in the
approximate proportions in which these constituents
are prosent in grass.

Plot technlque

The methods of cutbing, sempling, welghing,
gtorege of samples, vecording and bholanical analyses,
wore similar to thoso desscribhed in Paprt IT.

Mathods of choemical analyaig
N , .

In addlbion to determinptlions of dry wmatier and
eruda protein perconiageg, as descyibed in FPart II,
the carotene content of the grecn herbage was deter-
mined at &ach cubt by the method of Seshen snd Sen (B0O)
and a porvion of each dried sample was packed tightly
into a test tube, corked, sealed with paraffin wax and
stored in & ¢old @hﬂmher‘&ﬁ 4° @, Determinstlorsod
carotens content were made on sgome of these dry
samples by the method deseribed by Austen snd Shipton
{B1)«

Bﬁlk samples were made by teking aliguots from
the three roplicate deied semples from each cub and
caleiwn and phoaspheorus datemminations were carrvied
out on svmples Lrom treatmonts A, D, snd J. Caleium
was doterminod by the nethod of MeCrudden (52)(53)
proceded by dey ashing as Gescribed by Owsn (54).
Fhosphorus wag estimated by the method of Miske and
Subbavov {55), the Tinal colouwr Getermination being
corried oult with Hllger's Spokker Absorptiohoboi
The same ash solublon was used for calelum and
shogphorus estimations.

Phe non-protein nitrogen was determined in the




Table 412

}Month

lierch
April
Key

June

July
Aupust
Septewber

October

Mareh
April
May

June
July
August
Septembar

October

swmary of Weabher Data

_ Total . Totol

1946
1.71 9841
1.32 159,56
1.03 266 4
1.95 i61.1
5.53 118.7
2,08 15545
B.12 7845
0,78 98,7

Averape 1936

'Hean Temp

48.0
54,5
61.6
61,2
63,0
62.4
60.9

B5.6

2.14
1.70
269
2.866
3. 66
Se 22
G B3
44 52

99.1
14246
187.7
177:9
139.5
189:56
109.é

82,8

5548

4142

4186
4741
62,0
4845
506
420

568
586
42,0
47,1
60,9
50.8
4.6
42.8

erature "H,

B1.9

3949
£46.8
B0
5449
5748
56,9
5445
49.6

41.8
46,2

57,4
89.7
60,1
567

51.0
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bulk semples from cubs in trestment A following the
manurial dressings and in samples from cuts on the
control ﬁraaﬁmenf D, taken at the samé time.  The
'tannin mathod described by Roth (856) was used for
these determinations.

© pualitative tosts for nitrate wore wmade by the
method deseribed by Mellan (57) on some samples from
cuts following heavy manuwial dressings.

Soll samples were withidvavm from each plot
immediately alter each cutb. Those were drawn with a
G ine auger and 10 -~ 15 withdrawals of the auger were
bulked to make each plot sample. Apart from the fact
that sampling was caeried out only to a depth of 6 in.,
gampling was carried out according to the stmndard
method used in egriculbtural advidéry work in the area
(88)s The semples were stored under cover and takep
to the Solls Laboratory of the West of Scotland
Agﬁicul#urél Gollepge when a gulflielent ngmber had been
collected. |

RESULTS AND DI SCUSSION

general

Weather »

The swmoary ol waathsy dato giwen in Table 2:6 is
shown again for convenience in Table 338, It need
only be re-cmphasised that due to drought snd low
vemperatures, growth conditions in the early part of
the season were poor, but improved afiter mid-dune,
when rainfell and temperature both bovcame favourablo
to groﬁthQ In the sarly part of the sesson thero wes

Little rain or dew to wash menurial dressings into the
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soll, nevertheless, the dressings disappoaved fairly
rapidly and their influenee on the growth and appeap-—
ance of the grass was obvious on the mosd ecursory

ingpaation.

Genoral considerations affecting the resulis
Seriey B¢ Owing to a sbarp Trost in March, which
hindered early growth, the first dressings of manure
were not applied until 19.8.46. Nevertheless, the
fivet cubts wore taken on 13.4446, Cutting continued
throughout the season wnitil late Detober, Diffioulty
wag experienced in preventing occasional ianvagion of
the plots by calves, and on two occasions some damage
was done. A vote was kept when plots weve gragzed and
it may be significant thed heavily treated plots were
mnost frequently eaten, while on no cscaéimn was a
control plot eaten. o accurate sstimate of the
guantity of herbage counsumed eould be made and it was
felt that in the computation of the resulis, the most
satisfactory method was to use the actual yields
obbained and merely to note that the effects of the
depredations of the sitoek would be ‘to reduce the
differences between the contrel and the treated plots.
On one oecaslon, owing to an error made in sampling,
treatment I was eud prematurely. This ig pavtially
responsible for an accentuatod mid-season drep in
yield which will be noted in the resulits of this
traatment, It may hava roduced the total yield
slightly.

Owing to the droupht conditions and the natural
tendency of xtaiian ryegrags 40 geed in ity second
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year, 1%t was impossible to prevent tha amergencs of
some flowering stems on this sward pariticularly in the
control plots and in those receiving light menurial
dresaings dueing Mey and June. A in the earlier
experiment, the time of eutiing was however hased as
far as possible on the stage of development and not
on the age of the crop, The date and mean holght of
cotbing ab oach eul, and the mumber of cuts tﬁraughaut
the seaszon ave shown in Table AB:l.

Series 4. Before the experimental erem was enclosed,
the Lield had been dressed with B owihy/acs of Dasie

| slag (189 Pﬁﬁs)-an@ 1t was decided that, apart from
Liming, no further basic manurial dressing should be
applied, The fleld was also §own by hand wilth 2 cwb,.
Nitrochallk per acve in sarly March and since the
exporimental aros had not been onclosed abt that time,
it wes lnadvertently treateds In the subseguent
experimental dressings & correction was made Pfor this,
ut the control had to ba considered as having had a
2 ewt, drossing. As will be seon later, the originel
dressing of B cwds per aewre hed been unovenly applied
and rather variable results wore obteined from the
firat cuts. The first experimental manurial
drossings were applicd on 25.85.456 and, since results
of the analysls of soll samples talen oarlier were not
availlable, an arbitiracy dressing of 1 ton Ground
Limeptone por acre was applied on ly4.46, gutting of
Plots commencod on 9.8.46 and continued until the end
of Gotobur. No cattle broke into this srea and apavi

from the spring drought, conditions were Favoursble to
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the experiment. Some tendency to shoot was noted on
most plots, particularly those receiving light
drogsings of maanure during May and early June, budb
the herbage as & whole remained more leafy than the
Ttallian vyegrass in Series 3§ and every cut couwld be
tormed “predominently leafy“, ' The date, wmean helght
&t aach cut and number of cubs throughout the Seanon,

are shown in Table ABsRs

fhe Influence of Treatments on Growlh

The effects of treatments on the number of cuts
cutting

gbtdined, heipht of cut and froguency of

Froﬁ Téhleé Aﬁai and AS:2, 1t will be noted that
mwore culs were invaelobly obbalned from Serlies 8 than
from Series 4, TPor instance, in Series 8, treatments
A and B yilelded 8 ecuts, while only 5 euwts were baken
from the corresponding treatments in Series 4. The
other treatments showed the seme trend.

The differences in mean height of cubting ere
less pronounced, but, apart from treatment A, the
height of cutting eif sach treatment in Sevies 3 was
slightly greater than that of the corvesponding
treatment in Series 4; It wiil be noted that, ag
with the experiment described in Pars IT, nearly all
the cuts came within the ronge 8 - 11 inches, the
Limite ténﬁatively suggosted in the dlscussion on the
relation of’physiological aga to heighi of cubbting (p.§

Table 3383 hag been derived from Pables ABil and
Ad:2, to show the effect of type of grass and
Tertiliser treatment on length of sesson of growbi.

The supreme importance of the type of herbage

S




Range of Cutting Datas.

Serdes 3 Series 4

Italian ryegrass) (Retabl shod Pas ure )
Ttald ) (Bstablished Past

Treatmont First Cut Last Out  Firsh Cut Last Cus

>

H o om Q2 wW B U Q uw

11/4, 80/10 14/5 /10
11/4. 17/10 . 14/5 30/10
11/4 17/10 14/5 15/10
9/6 2/9 22/6 16/10
17/4 29/10 25/5 15/10
26/4 £9/10 21/5 20/9
18/4 1/10° 21/5 16/10.
18/4 2/10 02/6  20/9

10/4. 1/10 9/ 5/10
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compriaing the sward is shown by the faet thet
Italion ryegrass (Series 5) was, under each traatment,
ready for cubting spproximabely 1 nonth before the
ogtablished pasture (Series 4)) fhe dates of the
last cut show no puch éléa@ ﬂ&éﬁineﬁian between the
A%wﬁ sﬁ&?&sg the only aampariéén Wﬁ?ﬁh baing nﬁﬁéd ia
thet betweon the conteolg, which sugmests that growbh
off the o21d grass porgisted for a longer tims in the
autunm.  Too mueh reliance eannot, howaver, bha
placed on the date of the last cut as an indication
of the end of the growing poriod, gince ot the ond ol
the season, & puraly subjective judgement had to be
uged to decide whether or not a treatmont wes wopth
cutting.

The wronounced effect of menurial dressing on the
date of Piret eutting ls apparent on hoth grass swards,
If the date of camﬁancamanﬁ of growth in Beries 8 is
taken to be 20.5:48, the doy after the applicsiion of
manurg, the time taken o préﬁuce the first cut, was
BB, 89, oV, and BO days respectively for initial
drepeings of 6, 2, 1, and nil cwbt. per acre of
Witroehalk. In Series 4, baking the seme date of
commencement of growth, the time tvaken to produce
the firet cut was 55, and 65 days for initlal
drepsings of 6 and 2 ewt. Nitrochalks 1In this case
troatment I, which contained an NPK fertiliser,
shortened the peried to BO days, although its eflect
wag imperceptible in Sevies 8.  ‘These regults are
similayr to those veported by Blackuan (39) and with

Tialian ryegrase, show in fact, a greater increase in
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degree of earliness than this author quoben.  The
degree of incieased carliness appears te have been
directly associated with the waight of manuwrial
application, albthough tho increase per undt of manure

applied, declinad with loereased applications.

Influence of manueial dvessiop on interval

betuean euts

The influenece of manurlal dressing on tho lengih
of intspval betweon cuts is also shown by Tehles AS:L
aud A8y 2. The elffect of nitropenous manure in
accoelerating the growih faﬁé, aldvaady noted 1a Part I,
porsisted throughout the season to a lemger degres,
but o compoarison of hbrestwents A and X, with B and D
is worth more detalled conpidersiion. In BSeries 3,

, #howed o ceutbting intapval

the contrel, trasiment B,
throughout the seagon of 4 ~ 5 weelts, This intervel
was slighily reduced and producitlion vas malntained
iavar an extonded ssason Ly tregatment ¥, and again by
trostments A end I which, in the complete season,
supplied the squivalent of 2 ¢wh., por acre move
Witrochalk then He  In Series 4, the control showed
an extension of culbing interval from 4 weeks in the
early part of the semson o 7 = 9 wooks eftor midwguné;
troatment ® delayed thils exbension of the interval
tidd mid-~July, while treatments A and T which supplied
. [Bhe squivalent of 8 cwi. Nitreochalk per acre move then
D, delayed it stild further, giving ¢ consecutive cuts
at approximately maﬁﬁhly intervals, and then a 7 week
interval before the Tinal cut of the seapon,

The resulis suggest that a fow heavy dressings of
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fortiliser have the same effeet In maintalning a

ropular growth rabte and unifors cubbting intorval
throughout the season, ag a gimilar totel quantliy of
menuvrae applied in smaller dressings al wore freguent
inteévalsa gince, as will be shown later, the heavy
dreassings gave inerveassd total yielﬂé and yilolds per
cut, the economle adventages of this practice are notb
confined to a saving in the cost of application of

DERre .

Total Yield Data
As in Part II, the total ylelds of dry matter ond,
crude pRoteln at each cult, and for the season, weve
determined from the green woipght, the dry natter and
crude protein percentages. The mean geasonal
reresniages and the total yilelds of dry matter and
erude protein for each plot, bogether with the
apalysig of varisnce carried out on the datn, ave
tabulated for Series 8 in Tebles A8:3 -~ 6 and for
Series 4 in Tables AS:7 -~ 104 The results on dry
matter pareentage and yileld are summparised in Table
624 end, for erude protein percentage and yiold, in

Pable Hib.

Mean perceniege drny matber

Tables AB:3 and AB:7 show that the errvor mean
sguare and the coafficlonts of variation were low in
hoth Series § and Series 4 and that significant

differences were shown between trsaltments in both

sgrles.
The mean figures (Table S:4) for each treatment

in Series 8 show, in general, a reduction in dry



Table 334

llean Percontages and Yields of Dry Mabier (D.Me)

geries & ' Series 4
Treat- N D.M.% Yield Y;Leld field ¥: elﬂ
A 312 18,58 6886 207 512 19.11 7460 186
B 208 19.68 6515 170 208 18.83 6760 169
G 104 20.76 4450 157 104 25,75 5958 148
D - 24,64 5246 100 BB 25,46 4579 114
B 977 20.17 6890 197 174 20.11 5629 141
F 1822 22.27 4865 150 87 23,34 5852 146
G 208 21,58 5185 160 208 19.81 7289 188
H 104 22,15 4925 1561 104 22.75 BB2B 1306
T 312 19,04 6462 199 512 20,39 8387 209

(+PX.) ) (+P. K. )
GenaelMean £0.97 5306 21,38 6875

9%andard error:
of difference
between treat-

ment means 0,68 281.6 0,74 407,82
gignificant ' i
difference 1.34 475.,0 T 1.89  874.0

x

Although treatment D in Series 4 recelved 2 cirb,
Nitrochalk per acre, for comparative purposes, it was
considered desir&ble 40 ecaleculate the ylelds as percen-
tapges of an assumed control receiving nod manure. The
assumed control yield waed for the caleulations of pér-—
contage yield was calculated as Tollows:w .

Treatment D (2 ewte/ac.) yielded 4579 lb;fagz
" ¢ &H (6 cwts /ﬁﬁ.) gave average |
yield of &%T3z " ¢
Hence 4 cwt./ac. pgave an increase of 1184 " 0

Hence assumed control yileld = 4750-1154 = 4008 % ¥
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mnabber paresntagd in those treatments reteiving the
heaviest manurial‘dreﬁﬁingﬁg c.fe lrewtments A, B, O,
B;ﬁ Compav;sca of bl flpures far tre mants ﬁ, E,
and B muggests thatb *h; is duyenﬂenh, not oniy Qn
the btotal welght, bul on the weight of manure per
application, .- This is confirmed by comparing treab-
ments O and H, The wolsbture contbent of Athe Lirst
cul of treatment ¢ was so influenced by  the hoavy
spring dresaing, that the welghted mean dry matter
percentage was. slgnificantly less than thalt of treat-
ment He. There is .o swgulf cant differance helbween
the genenal mesns of feries 8 and Heries 4 ana, apatd
Trom two discrepancics, ths resulis for the latiten
gonfirm those alroady discussed. '

In Sevies 4, the dvy mebter percentage of ¢ is
significantly higher, snd thet of ¢ significantly
lowar, than those of ths corresponding treatments in
Baeries de The Commer discrepauey 1s due to a higher
dry matter content in the Lirst oul, as compared with
treatments A and B, but careful exemination of the
data has provided no explanation of this rosult, In
traatment ¢, the dry natter content of tha July end
August cuts wes apprecisbly lower than those in

Series 3 this is probably due to the more leafy

rhablt of growth of the older grass during the wide

summay Seasots.

Total ylelds of dwy imivbtew

. From Tables AB:4 and AB:8, 1t will be seen thab
the coofficionisof variation Por both sets of data

woie lowy ond thet, while variation betwsen rows and-

i
|
|
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in BSeries & ~ between blocks, was signlficantd,

|
|
!
differvences betweoon tr@atmanta~aa$oﬁntad for moat of %
the veriatlion in total ylelds. As can be seen fwom |
Table 3:4, in Series 3, trosmtments A, By G, and D %
ghowed a significant and almost proportionate increasef
iﬁ yield Tor each lncrease of 6 QWi Of manure a@pliﬁdi
and there is no evidenee, even at the highest level cft
application, (treatment A), of the operation of the
law of diminishing returns. A comparison of troat-
ments Dy B, ond ¥ conflrms that the incereasse in yileld
was proportionate to the welight of manure epplied,
while the results from trestments B and G, and € and
H, indlcate that the increase was independent of the

Lime of applicabtion.  Treatnent T, from which a

yield similar to, or excesding,that of A might be
expected, showad in Faet a slight reduction in yield,
but this may be due to the premabture eubtting in July
which has\alreﬁ&y been mentioned.  The percentage
Pigures, which show that twice the dry matier yield of

tﬁa,émntrml was given by 16 - 18 cwils Nitrochaelk per

acre, emphasise the magnitude of the Glffevences

achleved by the manurial applleationg.

|

|
In Series 4, the trends were simllar, but as
- jight be expected from the higher cosfficient of
variation, thore were sevaral inconsistencies. The |
percentage response was higher in treatments Gy ¢y and
I and lower in treatments A, H, and H than in Serles B,
Emhe extraordinerily poor response to treatment ¥
compared with P, has boon oxemined most cavefully, and

1 . - I
1t can only be explained by discrepancies shown in the
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yields at the first cul. The explanaltion offered is
that the inltial dressing in spring, which was applied
to the whole field by hand by the farm stalf, had been
uneven and that by ehance these particular plots ander |
troatment B did not receive the gtipulated dressing,
vhile on the other hand, those under btreatment ¥,
racolivad more than the eorreet guentity. The higher
responss of treatment I, compared with treataent A,
might be sxpscted from the edditional phosphorus and
potash which was applisds As will be Indicated later,
the discrepancy between Series 8 and Series 4 may heve
baen due to the diffevences in soll Poactlon between
the areas which caused the phosphate spplicatlion Lo e
of groater relative value in Series 4.

It will be noted that the general mean.anﬁ the
sreatnent meen yieldes from the established pasture
{(Revles 4), wera, except in two cases, signlificently

highey than those obtained from the Itallan ryegrass

gward (Series 3), but thet the heaviegt dressings again

gave & 100% incvease in yleld of dry matber.
) | |

Mogn percentage crudg prolein

The raw deta and the analyses of varlance are
shown in Tebhles AS:H and AB:9. ?hﬁ soafficlent of
veriation in Series 4 is twice that of Jeries &, bub
the analyses of variones show that the significant
variation in erude protein percentege was @nﬁireiy due
0 treatments.

IL the mean resulbs from Series § eve congidored
(Pable $:8) the diffevences betwsen treatmenbts will be

apparent. Gontrary to thelr effect on the dry matter




Table 316

Mean Percentages snd Yields of Crude Protein (C.P.)

Series B - Series 4
" 1b/ze, control 1B/, cartrol
A Bl2 22,95 1517 G864 312 21,16 1878 339
B 208 20,20 1115 264 208 280,56 18390 299
C 104 18.28 818 194 104 17.86 1055 227
D -~ 13,00 481 100 BB 1B.51L 652 156
o 277 17.69 1111 265 174 16,88 804 102

&)

128 13,79 673 160 87 15,86 907 196
G 808 17.05 884 210 208 178 1297 279
H 104 14,64 721 171 104 18.86 874 - 188

312 21,10 1376 526 513 20,49 1714 568
(+FPK) (+FE)

Goneral lesn 17.52 956  47.64 1148

Standard error
of difference
between treat-

ment means  0.55  44.9 1.16 62,8
Significanty ‘ t L
difference 1,19  96.2 2,49 134.2

* The asaumed econtrol, caloulated as for dry matter,
= 465 1bs Crude Trotein per acre.
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percentagey, svecedsive hoavy. manurial dressings gave
pro@er%@ap&te,iueraaﬁas in erude proteln percentapge ;
(ﬁ?eﬂtmﬁnﬁa Gy By A)s A consideration of the ?@S@l%gg
of trestments ¢ and H and treatments B and G, lesds
to the conclunlon,however, that the spring menurial
abplieatiana,wene most effective in inereasing the .
erude proteln peveentags. Date on seasonal
&isﬁributién of yields and on thoe efficiency of rew-

covery of nitrogen, which are presented later coniimm |

this points Comparigon of treatments A and T shows
that there was no significant difference in crude
yrotéin percaentage as a vesult of the addition of
phosphate and potash te the nitrogenous dronsings.
Apart Lrom the anomalous rasmlﬁs Por tﬁ@atméﬁﬁé B and

¥, which support the eoxplonation already offered for

their unexpected bebaviour, the resulis of Beries &
are confirmed by thosa of Series 4.

Total yields of erude protein

While the analyses of variance of the crnde
protein yigl&a (Tahl@a AB16 and. AB:10) show siéﬁificanﬁ
differences batween rows, and in Seriles & betweon
blocks, breatments again accounted for most of the

variation. The coefficients of variation were low in

both pories. In BSeries 39, a comparison of breatments
3

A, By 0, and B shows that the incroases in yield are
direetly proportional to the weight of manure applied.
In contrast to the dry matter yields, the crude
protein yields are,however, dependent on the time of
a@@lieatian of the manure, as is shown by comparing

treatments A and I, B end & or ¢ and Hs It would
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appeer from these comparisons that the greatest

4I compared with treatment A, wevre again apparent.

7

inerease in yield of protein from a given weight of
manure is obtained when it is applied in heavy |
ﬁ?assinga and. par%iculavly when it is appiiéd in spring,
The general mean result and treatment means were
gignificantly hipghowr iﬁ Series @ than in Sa@iaslﬁ, bat
the vesults from this ax@arimﬂnﬁ confirm the previous
findings.  The anomalous results with treatments B

and T, and the significantly higher yileld of “treatment

The full importance of the increases in production

achieved are ém@h&ﬁisea‘hy %hé percantage figuras,' l

‘which show that the heaviest drésgings gave ylelds |

three and a half times as preat as the gsontrol,

Sensonal Variations

Distribution of yields throughoub the season

The results so far deseribed have shown that the
welghted mean pereentéga and - total yield of dry mobtter
an& of erude prctain were ssgn;flsantly affected, both
bv the total W@lghﬂ af manura a@plioa, and in the case
of crudle protein, by uh@ tine of A@plmcatmana The
experinents were however plamned to give information
not only on total yields but op the distribution of

‘pﬁaauetion over the season., Thils will now be E

Tables A3311 (ay; b, ¢) and 43:12 (8, b, ¢) show
the datbe, the weighied wean psreentages and the mean
vields of dvy matter and eruds protein For ench cub of
gach treatment in Series 3 ond 4¢  The accunulated

gields of dry metter and crude yrotein have heen
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,although the influence of climatie caﬁ&inieﬁa,
- partleulerly the high raﬂnfall in July, was also

~apparent.

application. @hﬁ»?alatien of the changes In protein

Cparcencage to those Lu carotens conbent will be

72
plothed against time in Figs. 341 ~ 334, to
illustrate more clearly the effect of the treatments
cn'gﬁewth vate during tho season.

Changesn in Qgrgeﬁtéga composition .
_In.gaaaral, the duy matter parcentapges showed a

reduetion following the spplication of Nitvochalk,

In consldering the crudse protein'yareantégss, 1t

i of Interent to gxomine Tirst the resulbs fr@m the
control treatments, Theao show o consistent rige in’
protein pereontage from WMay o Oéﬁmbaws Traatmnnxs
i anﬁ ¥ gonflmm this trend, snd tho fipures for B in

@ﬁi@ﬂ & show that there was in fact, Diret a dip
from Apeil to May, followed by a risa. This trend
was alse shown by treatments A and I, although the
late May‘appiieaﬁiun praduc@a.a'hump in the curve in
June, Aﬂ might he exyaaﬁea, the heavy menurial
dresaing in May ralsed the proteln percentage of
treatment &5 but as with treatments A end I, the rise

was apparent only in the fiwgd cubt following the

disﬁusﬁa& later.
Seagonal production of erude protein snd dvy maibter

The production curves In Figs, Bi1l « 514
dﬁmonstratevvary clearly the effects of the treatments
The graphs of treatments A, B, and ¢, show how

closely the nitrogen supply controlled production,
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both 6f dey matter and of crude protein, and the
graphe of treatments D, B, and F, in Seriaa’57again
illustrate this point. The only pronounced diffor-
ence in response hetweén Series B and 4 ig in treatw
mend G. In Series 8 the production curve of treat-
ment G is similap télﬁhat of treatment H, which
‘ reeeived only ﬁ&lﬁ the menurial dressing, but in
Series 4, the differences peﬁwaaﬁ G- and § ore qulte
prenaunca@'amd sceording to:eﬂyegtakien; The graph
of treatment A in garias 4 ig obviocusly abnormual dus
to a low initial value, and when allowance is made
for this, thers ig little evidence ﬁhmﬁ tveatment I
is markedly superior to A. Conaistent high
production ﬁh@éughauﬁ the season iz best showm by
| treatments A and T in both Series & and Series & and
by treatment E-iﬂ'Seri@s 2 |
Tais is shown alsoc by the figures of the percen~
tage distgibuﬁien,ef productlon in Tables AS:il-&nd
AB312.  Thage t&bleé;furﬁher serve to emphasise the
high yragarﬁi&n of hhﬁvﬁatéi production normally
- Qbtained iﬁ May:énﬁ June from wnnanared grogs oy from
grogss menuraed only in the syringa‘. Atsention has
| already been drawn te this point by several workers
ap noted by Melair and Fowler (8)« It was to aver-
come this pea& gffect aﬁﬁ.to inerease the mid and late
season produchion th&%vﬁreatm@mm G‘ﬁaa.adcyma&,'buﬁ
aven this troatment only reduced the relative
production before the and of June to approximately BOP
of the taﬁél; while the total production, as already

noted, wag reduced to less than that fvom the same
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quentity of wmanuve a@pliad;in the eorly paﬁﬁ of the
| saason. These results confizn current opinion that
the production of high yislds of leafy grass in late
June and in July. is an extremely difficult underitaking,
‘The porcentape producticon in all treatments was
Teongistently low at this period snd while this may
have bgen due in part to the dvought in 1946 ( whieh
only endad in late June ); low wmid-geason production
by pyegross swerds is known to bo of common occurrence.
As is suggested later, this may be due to inefficlent
ubilisation of nitrogoen by ﬁhe\g?mss at this season of
$he year.

Zhe Total mificiency, end Seasonal Varletions

in the Hfficiency, of Recoveny of Nitrogen
Total R@agvagx '

The regults above, in particular the low
production in Jduly, led o en investigation of the
efficlency of vecovery of nitrogen as it ls affected
by intenaity of meanurial drassing and season. Thig
has been studied by Woodman and ﬁnﬁeﬁw&a& (12),
Gardner QSQ) and other workers, but in most instances,
the various factors concemned have not been rigorously
goporatod. Vhe ?@caéevy off nitrogen per acre con he
devived feom the crﬁda probein ylelds quoted in Tables
38, Aé:&i and AB:19 (since Grude Protein = N x 6.85)
and the welght of nitrogen applied to esch treatmont
from Tables. Ssds |

An estimate of the natural production of nitropgen
from decam@mﬁitisn,ef pleant products in the soil, from

Tixation by legume nodule bacteria, possibly from
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fixatlon by wmycowvvhiza on the grass roots, ond from
othse natural sources is given by the control yield.
This was dedueted from the total nitrogen recovered
in each treatment uﬂd\ﬁhe resultent figure. converted
to a percentage, is shown on the botbtom line of Table
AB313. In view of the variable producition from the
Lirvat cuts in Series 4, it_wés cansiﬁevgd Justifiable
for this purpose to correct the total ylelds.
Corractions were made so that thé first yields of
comparable treatments were the éame; thus the yield
off treatment A was corrected to conform with B and C,
and those of treatments ®, ¥, ¢, and H to conform
with D. This procedure greatly reduced the
variability of the recovery filgures.

The results show that the established pasture
(Series 4) was much mors efficient than [talian
ryegrass (Series 3) in recovering applied nitrogen.
As is shown later, the difference was more pronounced
in spring. A pesgsible explanation is that the dense
sward of Series 4, with its thick root éystem,
retained and assimilated the fertiliser more
effectively than the thimmer sward of Hories B. The
highest responsg in each series and the greatest
difference in response between comparable treatments
was shown by treatment ¢, vhere the recovery in
established pasture reached the high figure of 90%.

Comparison of the recoveries from treatments A
and I with those from B and ¢, suggested that there
was a reduction in efflclency of recovery as the

saason progressed. Treatwents B and ¢, C and H,
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agaln 1llustrete this goiﬁtp- Comparison of treatwments
A snd Y showed no difference in efficiency of utilis-
ation when phosphate and npoitash were applied in
addition to nitrogen,

Seasonal veriations in reeovery of nitrogen

The apparvent differcencss in efficlency of utilis-
atlon were examined in greater detall using the data on
treatmonts A, B, ¢, and D from Tables AB:il ond AS112
and Plgs. 515 ond 814, Tor Series & (Pige 512) the
production curves indlcate that the Tirat dressing of
monnee wos exhausted by the date of the second cut, the
sgeond dregsing was exhausted by the fifth eut, while
the last dvessing rémaiﬁ@@ aeffoetive Hill the end of
the season, Similarly for Series 4 (Fig. 8:4) the
firet dressing was oxhausted by the date of the first
eut, thﬁ'ﬁaean&'by the third cui, and the third agein
ramaineﬂraffeetive #3111 the end of the geagson., The
production of the control treatment D at the same in-
tervals was estimabal from ﬁh@ productlion graph and
deducted, leaving the nat production from the menurial
dressingss The efficiency of the recovery from sach
application wes then caleulated (Table AB:l4)s The
rogults confim ﬁhaﬁ the higher afficiency of Series 4
eccurred chiefly in the early part of the season, and
that on both pwerds, the efficiency of recovery was
lowest in mld-season and then rose dowards autumn.

Finally ‘the recovery frdm gaoh cut throughout the
SERBON WaS ea&cul&f&d from the results of treatments
B and ¥ in Serlies 3, as ghown in Table AS11B. The

appropriate control yields were deduced from the
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production graph in Pig. 832, While they are
probably subject to some errors the resulis obiained
show very clearly'that the most effieient utilisation
of nitrogenous Poptiliger was obtained at the
beginning and the end of the season.

One interesting result of thesé investigations is
that the percentage recovery of niﬁragen'increases
withh the welght of applicdition., Yhis was parbicu-
larly noticeabla in July when the récovery from the
application of 1 cwb. Nitrachalk'was nogligible, from
2 ewte 1t was 20 - B0% and from 6 pwh. 40 - 5055
This result was not confirmed by treatment G, bub
Gardnor (20) has also noted that in some seasons the
efficieney'af recovery of niﬁrogan-increasad with the
welght of applicabion.

Mortimer gt al (59) have shown that the recovery
of nitrogen vag 87% where the water supply was ample.
The resulits Crom freatment ¢ in Series 4 show A
recovery of the same order at & btime when very dry
conditlons prevailed. on the other hand, the
percentage recoveries shown in July are invariably
lower. dguly, it will be recalled, was o wet month,
B.8% ine of rainfall being recorded, snd it is
obvious that at this time moisture could not be the
Limiting factor, The soil temperature however, was
high so that natural anltrification could readily take
place. It has alveady been noted by other workers
as well as in the present investilgations, that the
produetion of herbage is at a winimuw in July, and it

would appear from these rew lis that nelfher nitrogen
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ner water supply are the limiting factors at this time,

The Influence of Heavy iiitrogen Dressings on the
Non-protein Nitrogen snd Nitvate Content of the Herbags

It has already been shown (Toble 8:8) that the

weighted mean erude protein percentage from the
heaviast menurial treatments wes high (28%). On
Italien ryegrass (Series 8) extremely high values

(es B0%) were recorded in the firet cuts and in view
of the rapididy of growth, 1t wes considered that the
nitrate in the manure might have been assimilated
uncharpged as nitrate or alternatively wight be prosent
in the form of simple ovpanic nitrogencus compounds.

The non-proteln nitrogen contents of samples from
the cuts following the heaviest menurial applications
as well as from the conirol plots ware therefore
determined and aﬁe tabulated in Teble AB:16,

It will be seen that these velues average 165 for
treatment A and 149 for treatment D, with a range of
11.97% to 2R.2%. Watson (9) stabtes that the crude
protein of grass herbage comuonly conbains 15% of
non=protein nitrogen end all but one of the figures
presented heve fall within his normal range of values.

It is of pardicular interost that the sample with
the highest erude protein content 1s normal in ite
percontage of non-protein nitrogen., High nltrogen
contents of this order are rarely encountered, but
Sjollema (60) and Hopkirk et sl (61) have reported
their occurrence in Holland and New Sealand
respectively. TNo adverse effects from the feeding of

|such grass were veported, In this conneciion, the




potageium nitrate is dangerous to stock (656) though

eod liver ¢il or alfalfa meal Yo compound mixtures as

79

provad velue of non-prodein nitrogen for ruminants
ghould be noted (68, 6B, 64).
It has hovwever hgﬁn ghown, that nitrate, 1f

vresent in cat straw to a greater exitent than 1.6% as

Sﬁ@&lama {60) has reporited the presence of 2% in
pagtures without eny 111 effectss A gualithtive
teat sufficiently sensitive te demounstrate the.
PPesSency of nitrate in somples of silage (57) failed
to reveal 1ts presence in the dried samples of
highesat pwaﬁain eontent,. It mey be assumed, tﬁe?ea
fere,'that the danger of nitrate poisoning af cattle
due to the ingestion of h@rbage of high protein content
1s slights |

gnrotene Contents Ite Relatlon to the frotein

Gontant, Sesson end Nanuriel Treatment

Ag adroady mentlonad, the earotene content of
dried grass has ln recent yesrs beeans a Lactor of
seonomic importenge.  Belore the wab, it was & common

practice fovr menufecturers of feeding stulfs bo add

sourees of Vitamin A«  During the wap, cod liver oil
was dgcarce and alfelfa meal wes not inported. Home
produced dried grassg constituted therefore, a valuable ”
subsbtitute. At the presént time the recommended
prices of dried grass are ilundeed based on its carotene
conteat {(66).

Sﬁm@léé o freah'graaa from ench out were

annlysed. for carotene contents The resulis, together

with the corvesponding erude protein percentages, ave
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sebulated for Series B and Series & in Pables %u'l?

The rei&ti&ﬁship'gf earqtﬁm@‘aam$$nt,ﬁoApmatéin
uercantagg »

The aaaﬁmnsl trends of the careotene and protein
‘esn%@nts af thyee reyﬁé&@ﬂtaﬁiva troatments in each
ﬁerieé'ara shaﬁu in PMig.8s8e Whe graphs for treat-
ments D &nﬂ b show that initially th@ earstane eenient
fcllawea the protein perceniage fa%rly alagaly huth
that, after a dlp in May, it rose disprovortionately
|as the season progresseds . In these tvo btroatmonts

thé rotio of garotens to protein %anﬁm& thangﬁﬁra to

| i@areaaa\tbwmm&ﬁ euturm.  In ﬁ?aatman% A the‘yrntein
gontant Waﬂ‘dbviqﬂaly apprecisbly affaatg@ at the
firgt and thi?a'éuﬁs by %he’immedimtely ﬁveca&in@
applications Qf’m&nnﬁa,-wﬁila the eéra%@ﬁagaqntenﬁ did
not respond to the smme extantil Ab ﬁneifinﬁt asut, the
diserepancy between cevrotene and protein was | _
particularly wides - -

in oxder to elucidate the ﬁﬁaﬁ&ra involved in
theso veriations the relationship of carotens to
protein content was @xaminé& in greater detail by
caleulating the correlation coaffleionts and regression

|eguationa for eoch treatment in Series % end Series 4.

Y

P Yo at%empﬁ Was ﬁaﬁe in‘ﬁhe prasent thesls o
determine %h@ total output oF earétane'frﬁﬁ the
vaprious treatments. Sinee hswﬁvar, the price of &mied
gﬁaas is based on its carotene content, i% was
congidered ﬁgair&ble to examina the relation of this

to the proteln contents
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These are shown in Tables AS:80 and ABi8L.

Trom Toble AB;20, which relates to Series 8, 1t
will be seen that in none of the treatwenis A, B, C,
I, = 01l of which reacaived o heavy manurial dreassing
in Mareh - was the corvelation of earvobene content
and, protein percentage significent. Heforence to the
regresslon eguations confirms this absence of
velatlonship,  On the other hand, troatments, D, B,
¥y Gy ond H, Whieﬁ recolved elther 1igh$ dressings oy
none, 2ll showed highly significant correlations
betwesen cavotene and protelin. }

” . lioreover, whaen the resulis Lrom the Lfirst cub
were exeluded in troatment C, o fairly close
correlation was shown, indicating thet the normal
relationship of carobene to protein only broke down
in the flrgt cut in spring, where the graas hod been
heavily manmured. -

The vesults frem Tables AS:ll and AB:;L2 have
already shown that in Series 4 the protein percentege
of the hevbege in spring was less influenced by
Nitrochallk then was that of Series 8, As Table AB121
shows, bhe carotene content of the herbage was fairly
clogely wvelated to the protein percontage in thisg
sarion even wnder the hesviest manurial treatments.
An exeeption was treatment B which showed a negative
correlotion and regrasslon, but these were ﬁat

signiflicant.,

Seaponal diiferences in carobeneg : protein rotlo
| The graphs in Figq 538 show that the carotene

protein ratlo tended to increase in antunn. To
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exémina fhiﬁ point further, covrelation coellficlienis
and regresaion equetions were caloulated fov the
carotene and probein contents of all the first and all
the lasgt euts in aaeh.se?iaaa Phe rosults ave shown,
in fable AD:SB.

The correlation coefficients weére all significant
6r highly slgnificent, while the ragresslon
aaeﬁfieiantg aid not Giffer gignifia&nﬁlyﬁ Since
however, the mean carotens contents were higher in
autumn, the cavobene contant inlautumﬁ astimated Lrom
the pogression equation waé in both cages appreciably
higher then in spring e.ge the ostinated content of
grags containing 5% crude protein in spring is 270
or 208 mz. /g Pfor Series 5 and Series 4 veapectively,
while ﬁh@vcaﬁyeapanding values in autunn are 869 and
452 mge /Lo

The wgsulﬁs from the spring culs were then
diviﬂﬁﬁ'intﬁ those derived Irom heavily and lightly
drossed plots.  Although the regultg frowm the lightly
dresged treatments la spring on Series 4 are anomalous
bhe other Ligures confivn that, excedt with heavy
gpring dressings on Itelian ryegrass, bthere was a high
correlation between carotene and protein Gﬁﬁt&ﬁti

Since a higher cavotens : protelin ratio was found
in audumn than in spring, sn abbempt was made o
relate cavotons conbtent to protein content and 4o
time of pepsons Mulitiple regression equations
relebing these three factors were caleulated for
treatments A, P, and B, in cach sorios. (Table AG123).

in four cases (treatmont A in Serias 5, and treatments




grovth, but the present results do not support this

goneral, & high corrslation bebtwaen cerotene and
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Ay By and D, in Serles 4) the component of the
regronsion. equation due to time was significant, and
it mey thovaelore be concluded that the progressive
inerease in caroltone towerds autunn - which has
alveady been noted by Moon (B5, 26) - is aspoclaied
direetly with the a@aémn. -
Discussion

A' Viebsenen (67) hags suggested thet the carotene

content of herbeoge is asseeisted with lis rate of

viéw; In Series 8, fop insﬁﬁﬂa@, the growbh rate of
tr@&tm&nt$'ﬂg B, or ¢, was excapbtionaliy high in
gpring but the carotons contant of the herbage was
lower than iln aubwmm, whon growth was less rapid.

On the other hénd, the hevbage on Sevies 5 wad stemuy
in spring but leafy in aubtwm. Pogan gt al (68)

have shown that while applications of nitrogenous men-
ure genarolly inceroaps the leaf 3 stem ratlo of
herbege, they also increase the protein percentage

of both the leaf and the staﬁ. The high protein
vercantages obtained ab the £irat cut show that this
did in faot ocour in Sories B, treatments A, B, and C.
In avbum high protein percentages were ngain pecorded
but the hﬂ?h&gﬁ wag mueh more leafy.

Th@ga resulds lesd to the conclusion bthat in

protein content is shown by lealy pestuve, and the
ratio of cavotene o protein incrsases Lrom syring

B0 pubumi. Whan very heavy spring dressings of manupe

arg gpplled, the correlation ls reduced and in the cape
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of a netueally stemny type of grass 1t may become
imﬁignifieéﬁt due to the ebsorptlon of nltrogen by
the stem without & corrvesyonding increase in the
caroﬁsua‘eantenﬁ.

The rela%imnéhi* betw&&n,thﬂ‘c&reﬁQHE'canﬁanﬁ,aﬁ a
froph senple and the some sample dried p

Bince: the data presented on cavotene conbtent are

based Qn'aampleﬁ of frosh grass, whilé i% 1 in the
dried @rm&ucﬁ that cavotene ig of the greotest
economie fmportence, it was folt desirable o sscep-
tain whethoer any appreciable loss was Likely to take
place during the drying process. Somples which had
baen ari@ﬂ‘aﬁd held in air-free conditions at 0%,
waye thereforo analysed and the resulis compored with
‘| the corvepsponding figures for the Lfresh sampleoss The
results are tebulated in Teble AB:11D, together with
the derived correlation coefflolents and ropgression
gquations. The former show a highly significent
correlation between the fresh and drled samyléa,
while the lalbter indicate a close ldentliy between
the values, thus confimming the earller conclusions
of Watson (9) thet the losses in carotene content due

to drying ave slishbs

The Mineral Composition of the Herbage

The resulis of the analyses of the celeium and
phosphorus conbent of the bulked samples for treat-
ments A, D, and I in each series sre showh in Table
ABs24.  The mesn values have been calcoulated, bHub ~
becouse of the swpall nunber of samples from each

trentment - the stondard errove were found 1o be of
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1ittle value in assessing significant dlfferences and
thoy have not therefore been shovna

| mn g®n$ral, the hevboage in Series & was richer
in lime and phosphate then Series 4, In each serles
the higheat cqn$en$ wag shown by the controld treatment
B, and the lowest by dreatment I, As will Do seen
in Table ABIRO, treutmént D invariably had the highssﬁ
percentage of clovers and broadlaaved plants. Since
clovars normally have a high llme content, the higher
calalum content of the mixed herbage would appear to
have been due to i1ts botanleal composition.

The higheét Qanﬁant off phosphata was showa by
treatmont T which rveesived extra dressings ol
phoaphate and pobash during the saason, hut while in
garies & the phosphate perecentage of trestment A wag
practiesiily as high as that of treatment I the
differenea betwoen treatments I and A was appreciable
in Serien 4. This is probably related to the low
PH of the s0il in the latter series which would
céuse'ﬁapid rhogphate fixation. In such conditlong
fraguenﬁ dreseings are neceasary to malntain o high
lavel of availeble phosphate in the soils

Conaglderation of £h@ valuas forAaach cut
supggasts that, as with proteoin and carotane, there was
a. tendency For both the lima and phosphate content to
fall from April bo May and then to ri&a'towards avtuoni
In treatment I in both sevies however, theve appesrs
t0 be a slight increase in the content of phosvhate
after the second and third gpplications of manureg.

Seasonal variations in llme and phosphate content of
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herbege have been reported by mony workers (19,71,72)
but in all cases the variatians between ecuts have been
wide and deffinlte coneluslons regarding their relation
to seapon cannot be made.  According to Woodmen (19),
they arve lavgely dependent on climatie cen@iﬁiona¢

Fagan (71) investigating uplend pastures has shown
that both lime and phosphate ware reduced with in-
e@eaﬂed'applicatiens of nitrogen; WOOQman with low-
land pasture, found that limxe was depressed but there
was 1ittle evidonce of changes due to manurial treat
ment in the content of phosphaie or potash on pasture
f@rtiliaea with nitrogenous mannr@aﬁzw@ilé Greenhill .
and Page (72) have shown a positive correlatilon between
phogphate and crude proiteln content.

In general, in the present experiments, the lime
eontent of treated herbege was lower than that of the
control treatments, while on the other hand, the content
ol phosphate -~ and of protein - was higher than thet of
the contrels  The results ﬁherafare tend to confivm
the findings of Pagan and Woodmen regarding limeg, and
those of Greephill and Page on phosphate..

from the proctical viewpoint the resulbs indicabe
once more thabt menuring of pasturc even at the highest
lovel had little apureciable effeet on the lime and
phosphate content of the hevbages Iu view o the
higher totel ylelds produced by the heaviest wanurial
troatments the iata; ontput of minerals would be
increased, but as is shown later, soil analysis gave
no evidence of an overall réduction in the wvailable

phosphate or potash content of the soila.
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The Influence of the Treatments on the
‘Botanieal Composition of the Swards

In spring 1246 the sward on Series 9 was prew
dominantly Italian ryegrassg while that on Series 4
could be classed acecording to Davies (73) as “ist
Clups Ryeprass Pasture®,

Botanical analyses were carried oubt on the two
swards by the Point Quadrat lethod, in the first and
second weeks of August, and the mean results for each
treatment ave shown in Table AS;RB5.

The deta in Table ABi185 have been rearrvenged and
swmerised in Teble A3:186. ‘This table shows that the
hotanical composition was quite clearly ralated to the
manueial treatmoents  When compared either with the
control results or with the resulis from light dressings
heavy dressings raised the poveentage of the bhetter
graspes and peduced the pereentage of the poorenr
gragses and broadieaved plants and the Dhlank sSpaces.

The resulits from bteeatments ¢ and ¢ are ol pariti-
cular interest. With trealtment ¢, where 6 cwi. of
Nitrochallk were applied in late May, the composition
of the sward in August was virtually identically with
that of treatments A, B, and I which received an early
gpring drevsing in edditlon to thabt in May. On the
othey hand, thoe sward mn'treaﬁmenﬁ ¢, which only
recalved the early spring dvessing, was intermediate
in compogition botween the haavy and the lightly
drossed awabds. This sward was comparable in
botanical compogition and in yield with itreatments A

and B at the first cut and the deterioratlion had only

3
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become appavend sinece thens On the other hand,
traatmont ¢ whieh receoived one heavy dressing in Hay
was comparable in‘bataniaal composition dnd in yield
with tréatments A and B in August. 1% appears
therefore, that a rvapld change in botanical
eomposltlon can be alfected by heavy manurial
dressings but that this improvement ig trénsieﬂm Ul
loss ohe ﬁr@gsingg ara rvepeated at fairly Ffrequent
intervaly.

in Hevies 5 the percentage of Iﬁalian PrOgrass
wag appraclably higher in treatment A than in treat-

-

ments B or ¥ which had vecgived similar manurial
tr@&ﬁm&ntslhut this is probeably due to the unduly
high proportion of weeds in these treatments. an

the @%her‘hané, in Eévi@a 4 the percentage of ryegrass
oxcecdod that in treatments A and B. In this case
the probabhle explanation ls thal dus to the low pH

of the moil in this series, causing phospvhete fixation
in the soil, the additional dressings of phosphate

and potesh in treaitment I were of real value in

stimulating the betier grasses.

The fifv¥ect of the Treatments on the Soil

Ag équgﬂy mantionéd, soll sam@lés were with-
drawn from each plot before each cut. Thege were
anaiys@& fér PH, avallabls phosphate and available
potash. However, in view of the iarga mags of data
involved, and of the feet that 1ittle varistion was
shovm throughnﬁt the season, the full resulits are
nat presented.

The mean vesulds in spring befove the application
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of lime and wanure were as followssm-

PH  Availoble Av§élgbla

PEO . . 5
(g, /1008, ) (1g./100g. )
Series B  B.85 Vol 2. BT
Seriog 4 5.01 448 6+ 43

¥rom the practical point of view %ha_majar
guastion in relation to the soil is the overall effect
of the treatments on soil fortility. TFor this
parpose the soil anelyses on the semples taken in
apfing belfore the application of lime or meanure in
‘Seriaslﬁ, and before the application of liwe in Series
4, hava been comparved with the snalyses Lrom the
pamples taken at tho last eut of the plots in the
autumn. | |

In Qeries &, the differvences measured the net
effect of the application of lime, the basie wenuring,
the menurdal ﬁ?@&%méntﬁ, and the removal of herbage
from the plots. In Series éAthe bagle monuring was
axclu&ﬂ&Affom,the aifference since phosthate in the
Torm of beslc slag had boen odded before the Tirvst
#0ll sample weas taken. The spring and avtumn values
Lo oH, m#ailable phosphate, and availéble paﬁash are
shovn in Tables AS:;87 and 45128,

The dlfferences in cach plot were caleulated and
ﬁraaﬁa&-by~analysia ol variance. one typical
oxanple (pH in Series &) is shown in Table AB:189,.

The meen ﬂifferénces, the standard error of the mean,
and the alignificant. differences between means, where

signlficance was ghown by snalysis of wvarlance, ave




Pable 5:6

Mean Differences in Soil consbituents bebween

the begimning snd the end of the sefson
 (Aveilsbie PO, & E 0 in mg./100g: )

g

Posltive valuaaAggdiqaté:an,increase |

Vfram gpring to autumﬁ

Series & | Sgrigs 4 |

Treat- PH PO K.0 PH P00 p e ]

5353" . 2°b e .2’5 )
A 0104 : 1.6 8.7 0.55 20 Q@g
B *‘0.05 ﬁo 1 6¢ 1 Ga 52 ' *‘0.9 th
4] =, QL .1 5.0 OB Qed  =0.5
D 0.56 048 1.7 0.87 «0;1 1.5
F “'ﬂu 07 qu ) 4:5 Gi 15 -*9-3 119
d 0s14 0.3 2.4 0,41 0.0 Gi4
i 0,07 0.2 Bal  0.24 w0.3 =03
I ~0.07 1.6 5.9 Cu 36 0.6 | Qa7

Meen 0,95 077 4,35 .30 =008 0.686

Standard

error of _ '

mean 0.08 CuBB .60 0,06 071 2469

significant

difTerence

botween

means 0.24 N, 8. 1.81 0.18 e Se

TheSé
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shown for all treatments and all three constliuents
in Table 316,

The anslyses of variance inﬁicaﬂea that the data
was extremely variable and the &Qeﬁfgai@n@s ot
- variation were v@ry hiph (%5.*‘1®9%)3 Eigﬁiﬂic&nt
&iffaréhnes hetweéﬁ traaﬁmeﬁ%s were only shown in
three caseg, |

The general means show that there waes invariably
en increase in pH and available mubrients; the
inerease waa'hawaver,-ﬁnly significant in the cape of
-potash in Heries 8. Fow sipnificant diffevences were
shown betweer treatmonts end ne practical imporitsnce
can be atbtaeched to them. It will he noted however,
'thaﬁ'in Series B, the pH of treathwnt D incrsased
significantly, while no chenge was shown by the
other treatiments, and the available potash was
apparently lncreased by eﬁaby breatment when comparad
with the econbrol. Treatmont I in which phosphate and
potash-were added durlng the seasony showed no grester
incroase than in treatment As  In Series &
plgniticent differences were shown only in the pH and
they cannot be related to the treatments,

In view of the high degree of varisbility shbwn‘
by the dabta it would be unwlse to place any great
relionce on the results of the soll analyses, but it
appears that after one year there was no evidence of
a loss of phosphate or potash or a change in pHi even
with the heaviest applicallions of nitrogenous manarese
It is of interest to note that in s rocent paper by

Cashen (74) on The menuring of hay over a period of
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82 years; the heaviest menurial trestments, whieh
included 129 1b, nitrogen per acre per ammun maine
tained a yield of threc times the control, and that
the ammual rate of deterioration in yilold was no grege

ter thapn on less intenslively manured aveas.

Beonomic Results

Ag 8 final measure of the relative value of the
treatmonts, costs, Lood values, and profite per acre
wa?&“&ﬁiéﬁléﬁe&q If wag asgumed thab when the grass
seads were sown ﬁnﬂ&;'a cargal, Italian eyegrags
would hdve a life of 1f yeers and & long ley a life
of at least b yoars. Qh %hia haslis the basic annual
charge per aocre was computed as ehown in Teble AB:80
to be 84t 61 8 for Series 5 end 883 4/~ for Series 4.

Tables AB3381 and AS:82 show the weight of
Nitrochalk applied, the 'yields per acre of dry matter
and 1tg ealeulated nudrient content, the costs, food
values and profits per ton, and the profits per acre
Lor sach treatment in Series & and Sevies 4, Since
the highest efficitoney of recovery of nitrogen was
shown in each series by the spring cuts from troate
ment G, similer datd for the first two or three cuis
of this %raatmEﬂﬁ wers also caleunlated - only halfd
the basic amual charge being included in the cost.

Whe.mauurial appliéationspanﬁ their eblfects on
the yielﬁé and chemlonl ébmpaaﬁtion aof the herbage
have already been discussed.

T will De notaa‘%hat Tthe estimated cost per ton
is léwasﬁ in the control ireaitment D aﬁa inereases

roughly wlth the weight of manurial application.
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The high cost for treatment I was due to the inereased
coat of concentrated complete ferillliser comparved
with Wibtrochall.

The food values per ton depended on the crude
protein percentage. For any given weight of manurial
dresaing the food velue of the herbage was thervefore
highest Whan'masﬁ of the manure was applied in the
spring, and profits per ton showed the same trend, i;a.
the Inereased coalt of production wag outweighed by the
inercaged value of the produch. @ra&tménﬁ A in both
serias %agethar,with'ﬁreatmenta B and ¢ in Series 4
ga%e the highast overall profits per ton. Noveover,
ﬁhe'hﬂavi@sﬁ manurial dreassings gave the heaviest
yields per acre so that the dliference bebtween treat-
ments was further accentuated, In treatments A, B,

G, and D of Series B bthere was an incresse in profit
Of 7Q = Béﬂw Per Qcre f@r oach successive dressing of
6 cwts of Nitroechallts In Series 4 the increase in
yield and in ﬁ?@fﬁt fﬁqm the firat 6 owb. (treatnent C)
was much greater than in S@rieé % or in subseguent
dvassings; nevértheless the profit per acve forom treat
ﬁeuﬁ U was trobled by treatment A |

in éampu%ing the food value of the herbage, no
account was taken oiimineral content end the incroases
shown In treatment I were in any ease‘smightﬁ Thig
trea@m@nﬁ was therelfors leas préfitablé then treatment
A, even in Series 4 where it gave. a higher yield,

It will De noted that when the first two o thres
cuts from trestument C ave compared with the resulbs

from the full season, the cost per ton is lower, and
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the value and profil per ton is highers Nevertheless
the profit per uere is incressed only slightly in
Serios &, and is in foct reduced in Series 4. In
the latter series, the ylelds Lrom all cute were high,
8o thet each individnel treatment was yﬁafitable*
in Series & howaver, the ylelds from several of the
later cuts were very low and it would appear that
they weve in fact unprofitable, |

These results confirm those presonted earlier in
showing ﬁh&t ﬁréaﬁment A wag the most satiéfaatamy in

L every way.
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PART IV
SUMUARY _AND _GONCLUSION

In Part I, the development of erop~drying has
been brlefly reviewed and the lmportont contribution
the proceas can meke to the naetion's food supplies
has been pointed out. It has been stressed that a
~high yiold of herbage, produced at o low copt and
.evenly dlstributed over the season, is neecessary to
minimise the overall costs of production of dried

L grassy

Hvidence hes been quoted which indiecates that
the greatest yield of matenlal of high nutritive
“value is obbailned when the hevbage is cut before
Llowering, and the possibility of ineressing ylelds
and levelling thelr seasonal distribution by the use
of chemical fertilisers has been suggaéted.‘

In Part IX, a two year experiment has been
deseribed in which the yields, seasonal productivity
and ehémical cempositiaﬁ of four crops under four
menurial treatments were studied. The crops were
vetchas, barley, & ryegrags ley and a cocksfoot ley.
The menurlal treatments included a control and three
treatments in vhich &2 ewt. of Nitrochalk (61 1b. of
nitrogen) were applied in one, two, or three dressings
durding the seasona

The statistical layout, which involved 4
Sreplicaﬁiens of 16 crop=treatuenis, was found to he
satiafactory and slgniflcant differences in ylelds

and percentages of dry matier and crude proteln were




95

shown between. erop~troatmentss  The vesults from the
annual erops wepe comparable in 1945 and 1946, but the
yield from the leys was slightly higher in the sccond
| year. In the fivat year, production did unot however
begin uvntil July, while ia the socond yeary it was
sproad over a full slx months l.e. May - October.

| When traated wiﬁh nitrogenous manures,
significant responses in yisld and in crude protein
percentage wore ghnwn by all corops except veféhesg
Dlfferences in yield and composition were fovad to be
assoeiated with the method of distributing the
nitrogenous fertilisera, This also affectod the
seasonal dlstribution of the yields.

The ylolds attéina@ifangaﬂ from 22 - BO6 cwb. per
|acrs of dvy metter ov 480 - 1,100 b, per acre of
crude protoin. The crude protein percentage reached
5&% with vetches and barley snd 28% with ﬁhallayau

o By'@nconraging the grasg species at the expense.
of the clovers, tha nitrogenous manures affected the
jxmanical compesition of the swaprdse.

The cost of producing dried herbage under the
different troatments was estimated end the value,
based on the nutrient content of such crops, was
assenseda Comparigon of costs with food values -
ghowad that barley would be unprofitable unless only
one cub wes beken and then the erop allowed to ripen
for harvests Vetches were shown to be on the margin
of profitabllity while 1t wag estlmated that the laeys
undey the best btreatments wonld give amlapﬁracimhle

profit.,




96

A note on the valiﬂi%y of small samples as
aatimates of yleld showed thﬂsa‘to ba falrly reliable
Lop graas‘leys but quite unsatisfactory Lfor the snnual
crops ussd in the exporiment.

In Part IIX, tho effects of nine Alflerent
wanurdal treatments on two separate graes swards have
‘boan deseribeds Up to 18 owis of Nitrochalk (512 1b.
of nltrogen) were applied par'acra and various methods
of dlatribulting the application over the soason were
adopted.:

The simplified statisticel layout sdopted was
Tound to be satisfactory.

. The resulis obtalnsd from the twm'grass swards
vere comparable, but the old and well esmitablished long
lay was ghown to be superior in yleld to the Itallan
ﬁyegféaé awvard. Apart from carotene, ne apprecisble
diffevences in chemieal composition were noticed
between the swards..

The most heavily monured traatm@nta gave marked
increases In yleld and lmproved the crude protoin
content.of the herbagse. Where 18 ewie of NWitrochalk
were applied in three deessings, the yleld of avy
matter was double, end of erude protoin, treble, that
of the control. Yields up Lo T4 ewhe doy mabter and
1,750 1b. erude protein were recorded. In some
ingtances, it was found that the best responses from
23 giveﬂ,waigh% of manure were obtained when it-was
applied in a mdnimun nomber of dressings. The
heaviest dressings glven at one time were 6 ocwb.

Witrochalk (104 1b. of nitrogon). per acre.
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In all treatments however, including one
spocifically designed to increase the mid-season
produetion, more than GO% of the total yield of dry
mattor wos given hefore the end of June, and
ealoulations of the percentage recovery of nltrogen
ghow that this was much lower in June and July then
in the earlier o» later periods of the season, It
W&s.ﬁ@t@&-ﬁh&f the yereentagekrecovwry‘inﬁreaaed with
the weight of the ap@licaiian‘ Additional dressings
of phosphate and potash durlug the season did not,
hﬁwever,~materially influence the yield or the
chemical composition of the herbage.

The heavy manurial treatments gave herbage of up
bo 80% erude protein on Italian ryegrass and 20% on
the established pasture in épﬂiﬂg, but the content of
non=protelin nitrogen was not gbnormal nor wag the
proegance of nlitrate deteocted in the hewbage‘

The carotene content, which was examined in some
detgil wes shown to range from 15é w GO0 mge/Bes, bhe
content of the esteblished pasture being, in general,
higher‘ﬁhan that of Italian ryegrass. It was shown
that, éxﬂ@pt where a_éﬁémmy type of Herbage was
| heavily manured, the carotene content was posibively
corralated with the protein content and with the tiwe
of season. It is sugpested that high cavotene conteny
is an indication oFf lealfiness and not nvcessarilyo
off a high growth rate. In confirmation of earlier
wérk it was found that deying per se did not
appreciably reduce the covolbene content of the herbage.

Heavy dvessings of nitrogonous manure rapidly affected
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the.beﬁaniaal composition of the herbage by
encoursging the better, move vigorous grasses, at the
| expense of the poorer grasses and broad leaved planbs,
When dresaings were dlsconbtinued, the swards tended to
ravert to their oripgfinel compositlons

The rasulis of the soll enalysen were shwwn o be
highly wvariable, but there wos no ovidenes of any
reductlion of avallable phosphate or pobtash dus to the
braatments, and the soll resetion was in faet slightly
improvedy

When tho profitebility of the treatwents wes
eomparad the heaviest wanurial drageinzs were shown
to give the bigheet yield, the highest protelin
paresntege ln the herbage and the graatest profit per
aﬂragh

goneingia

Copslderation of the regults 3ugg@ﬁﬁé that,
praviﬂﬁé elinetie conditions in respeet of railnfall
and temperature are fevoursble, herhage Lfo» crop-
drying can be p@éﬁu@@d in Paiely level gquantities
over an axtendad maasan'af six monthes

Froduction in the first three months could be
obtained from established grass swavds - of a
predominantly ryegrass types« A legumlinous erop such
an vetchas op red clover, supplenented perhaps by a
cereald oud, would maintain production in late June and
Julye In the latter part of the season established
leys would again yield economice evops and ab this time
those containing an apyregimbia propoprtion of

cockafoot would show to advantages: lMowveover, the
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:proﬂnce from prass loys soWﬁ in spring would by then
be available, end from July onwards heoavy nitrogenous
applications would agaln prove effective in increasing
1 production. . |

Phe methods described could be réa&ily apylied
within a systom of albternate husbandry. As o resuld
ol ﬁh@jQQOpﬁion off such maﬁhods; while the fertility
of the soil would be maintained, Lood production would
| be increamsed, and the health of the country's siock

SImproveds
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