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THESIS.

The thesls is basieally that there is a definite
relationship between the efficiency with vhich a farm
converts raw material in the form of nitrogen, phose
sphoric acid and potash into saleable produce and the
lovel of self sufficlency at which the particmlar
farm is operated. It 1s expected that maximum cone
svergion efficiency will occuwr at different levels of
self sufficiency depending upon soil type.

The particulay intersst ig in the Scottish small
farm in the arsa soubh of the highland fault and the |
object of the work will be to attempt to measure the
relationships between the three paramsters, converse
tlon efficieney, level of self sufficiency and soil
type.
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1.0 INTRODUCTION.

As long ago as 1891 the writer of an article
on Jethye Tull queted him as seying ‘'deduct from :
egriculture sll the practices which have made 1t |
flourishing and you have precigely the mensgement
of very small farms.? |

Vhether or not Tull had in mind amall farms
of the size and type vhich exist today we do not
know but it is certalan that the problems confyronte
sing the present day small faymer are no less than
they apposr to have been at that time.

Beceuse of those problemsg the small farm has
been, in recent yoarsg, the subject of much discuse
tglon by those concerned with agriculturel policy I'
end it ig theroforo sppropriaste in this introducte-
tion to a study of particular aspects of the
smell Farm to say something sbout the problems
snd to indicate the trends of present day thought
concerning smell farms in genereal.

Obviously the first task is to define the
subject and as will become epparent this is no
easy matiers
1.1 Definition of the Small Farme.

The main difficuldty lies in the fact that
farming enterprises represent an slmost infinite
gradetion from the smallest units of one

or/




or two acres right up to lsrge fsrms of s thous-
tand acres or more and slthough the identificstion
of small farms by fixing acreage limlts would be
convenient, this unfortunately does not lend
i1tself to practical application unless other
factors are also considered.

The more important of these factors can of
course be stated but it 1s extremely difficult
firstly to measure them with any degree of accur-
tacy and secondly to determine the degree to which
each should influence the oversall assessment of
any one fsrm;and even 1f this were done it would |
almost certainly be found thset they exhiblited an
interdependence which could create immense
statlisticel difficulties and which would require
to be messured over a long period of years.
Fremples of thls ere numerous. One might be that
the personal gquealities of the farmer and his
family govern thelr standerd of living which in
turn affects the smount of income saved for
developing the fsrm thus influencing the standerd :
of management. Then sgain, the skill snd intell;
slgence of the farmer have a direct bsaring on
the mansgement and thls affects the returns he
obtalnse

Other fsctors such ss soil type, situation,
weather, economic conditions and a host of others

must all be considered when assessing the status
of/ |



of a farm., Since the word 'small' when used to
describe a fsrm implies not only small acreasge
but other feabtures such as smsll turnover for ;
exsmple, the first step in classifying a farm is |
to nssess its stabus In es much detsll as possible
snd only vhen this has been done is 1t safe to
classify the farm s small or otherwlse.

The fixing of 1limits iz of course necessary
in the clessification of farme and in the absence
of exsctitude it is obvious that these limits must
be arbitrsry. In practice farms sre idsatifiled
in different ways depending on the reason for
clessification and the best way to illustraste this
is to conslder examples of weys in which the small
farms of Scotlend have bsen classified for par’s:i.c-g
tular PUrposes.

In the past various attempts have been mads
to arrive st a method of classificetion of the
smgll farm which could be suceessfully used on a
natlonsl besis and wes therefore to a lerge ax‘lsent:
non-specifie in its dependence upon any one fac’eorjp
The latest of these was mede in 1958 with a view
to providing a basis for a nationel scheme to glve
finencisl sssistance to small farmers. The scheme
was subsequently lntroduced by the Depsriment of
Agriculture for Sao'sland*ﬂnd the money provided l1s
sxpected Lo encble smell farmers to lncresse theiri
productivity. In order to be sligible the unit |

|
under/ |
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wnder conslderabion must be classified as o trus

famall fum!' and thig 1g declded by cortaln ferm |

charackboristics two of vhich sre numerlcsl meas-
suromentss The first of these is scresge vhich
mast 1le within the 1imlts of 20 end 100 and

secondly the farm lsbour requiremeants expresased

in men-deys and czleulated from & btsble of

standard man~days per acre of each of the comuonw

21y grown crops uust be less than an upper limlt
of 450 and more than o lower 1limit which 1=

flexible and might be in the reglon of 200. Other

characterlatics of the farm snd farmor sre requi-

trod but rellence is normelly plsesced con the
opiniong of the offlcer who reports on the part-
ticular case. _

This schewe, at present in operation, has
msny critics most of whom feel that it 1s not
possible to assess the staetus and subseguently
clagsify a form in such s simple wWay. However,
it hes been mentioned in some detell becguse it
representa one method of identiflication of small
Tarms at present officiglly accepteds This

method 1s of course usged for the purpose of disb-

sribubing grants snd while 1t may be salisfactory |

for thet purpose many agriculturists would find
it btotally unscceptsbld for other purposes snd

in perticulsr they would regerd it as being quite

insdequate for the identificetion of smell fsarms
in/
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in s genersl survey which might eventually be
used to iufliuvence sgrieultural polley. Never-
stheless, it is inberesting to note that in
officizl cirecles the smell Term has ¢ceriain
seresge limita end thet presunsbly to elimlnate
the poesibility of confusion with units of either
very high production for exsmple market gerdens,
or of wery low preduction such ss certein ijypes
of crefs on poor quality lend, & figure ig obialne
sod which glves en indiechion of the lsbour
requlirenents.

Proquent critics of the small form have been
etonomisbs whomare able to quobte the resulis of
economle sweveys Lo subsbanbiste thelr srguments
and the way in which they define the small form
differs 1n some vespects Trowm the previous example.

Aa interestling repcrt Ly Hendry and Bielby
appearad in 16587 snd this summerises the resultis
of muech resezrch on the econonic aspects of smsll
farminge In secbion A of this report the suthors,
after pointing out the difficwlties of arriving
et a pablsfuctory definition of the small Tarm,
show how they achieve a result which 1s ssbigfact=
sory for thelr purpose.

Brieily they state that the small farm should
be a commerclsl enterprise shich provides s Tull
tlwe oceupabticn or is the primary source of incoms
for the farmer. The lower limit of sigze is
therefore/
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therefore fixed at an acreage which depends upon
the type of soil, the location and the type of
hugsbandry which 1s being prectised and 1s of
course subject to wide variations. The smgll

farm haes also been taken as requiring not less

then 1800 hours of work per asunanuwm. Aay upper
limit rust inevitably be arbiirary but for their JI
purpose it has been taken ag « farm of not more |
then 100 acres of crops and grass amploying not
more thsen one regular Iull time worker in sddltion
to the famer. ‘The gsuthors further state thabt
turnover would probably be a better measure of
glze but 1s a difficuls figure to obtain in the
majority of cases.

On this deiinition of small fsrms it 1s
interesting to note the relative numbers nd
percentages in various parts of the country and
the authors gquote the figures given in TABIE 1.
TABLE 1.

Hamber of small ferms compsred with the totel

number of forms in various districits of Scotlend:

Digtrict Snall Farms Totel Ferms i|
North Rast 5,800 55% 16,700  100%
Esst Centrsl 1,400 227 6,400  100%
South Bast 700  18% 3,500 100%
South West 2,900 24% 12,100 100
Highl snds 2,000 117 18,900 1007
Scotland 12,800  22% 63,000  100%

:



This shows that approximstely one fifth of
the totel number of farms in Scotlond sre smsll
farms as defined by Hendry and Bielby and that
nesrly half of these are situated in the North
Eagt with a falrly high proportion in the South
West.

This last clsssification hes been used as a
baslis for sn economic end statistical survey of
small farms with a view to assessing the plece of
the smell farm in Scottish agriculture snd for
this purpose it has proved to be adequete. It is
clesr however, thet what might be described as =2
fgenersl purpose! definitlon of the small ferm is
not possible at the present time in view of the
lsrge number of faotors involved and the most
sstisfactory epproach 1s ot best s compromige.

Although 1t is proposed to study periticular
sspects of the smsll farm ss psrt of the resesrch
progremme, 1t wlll become sppsrent thaet scouraste
clasasification of smell farme is not vital to the
success of the project and therefore no great
sttempt will be made to develop a radicslly new
system. The sultsbility of farms for speclsdl
study wlll be decided in s way which represents
a compromise between the two systems ontlined end
the 1limits will normally be flexible. The sctual
method used will be more fully described in a

later section.

1.2 Th@/
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1.2 The Problems of Smell Farming.

Reference has slready been made to the
problems assoclated with small farming and the
more importent of these sre worthy of note.

Feonomists snd ststisticlans who sre sble to |

| quote actual figures to substantiate thelr srgu-

sments criticlse smell farms chlefly on the
grounds that they sre often incgpsble of providing
& living for the fermer and hls family. There is
no single resson for this which would apply in
every case but it 1s certaln that a lack of the
regources of the larger type of farm for develop=-
sment purposes often comblned wlth a lack of
speclalised knowledge on the pert of the farmer

1s responsible for meny of the small farm difflc-
svlties.

Comp sred with medium and large farms,statis-
sbics quoted by Hendry and Blelby show that
production per acre is lower on Scottigh small
farms as TABIE 2 1llustrates.

TABLE 2.

Relative output per acre.

Hill Stock Rearing Arshle Dairy

&
sheep rearing feeding forms farms

13s2 204 5604 S7e1l 45.8
15.1 2440 S8eY 459 46.5
17.8 23.6 30.2 498 40,1

Smell Farms
Medium Fsrms

Lerge Fsrms
The table shows that on aversgs, small farms

are/




are producing only 88% of the outpubt per acre of
medium snd large fsrmé comblineds This appears
to be lsrgely due to lack of capitel but it is
interesting to note that in meny cases the awount
of capltal per mere is higher on suall fsarus,
particul axrly the more progressive cones, and the
conclusion 1g ineviteble that compsred with
medivm and lesrge type units, smell farms aust be
over cuplialined in order to provide a satlisfact-
sory living for the farmer and his family. Gne
reason for this is thaet the swell farmer camnob
fully utilisge the mechinery and equipment walch
he should possess in order to meet his culiivabion
requirements snd In consegquence, cxzpital il it is
uged for thal purpcse ig proportionally greater
on the smell farm.

A further critlcism in the same veln 1s that
in genersl, the return obtalned from farming these |
units is a swall reward for the risk of invested
capital and the long howrs worked not only by the

fermer himself but in many cases by members ol his r
femily who receive little or no pay for thelr
lsbour. It has in fact beon shown thet small |
| farms frequently show higher lsbour regquirements
per acre es compared with larger unlts and this
mey be duc to under mechenisation caused by lack
of ecapital,

Although the problems sssociated with smell

feorming/
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| elther from inadequate financisl regources or

| equipnent 1% lg often found thet smell farms

| often most desireble in thab it encblss some parts

farming are numerous, most of them appesr to arlse

inefficioncy csuged by lack of skill end vhile the
injection of additionel capital into amsll Tsrms
would undoubtedly inprease the former's Income,
thils practice could hsrdly be recommended since 1t
seoms probable that the exira returns would in
most caseg represent 2 comparatively low rate of
intoresgt.

Apart from economlce congideratlions a great
massure of gkill lg slso required to desl puccess=-
Py with the technical problems assoclated with
the snallness of ferma. Partly in sn atteupt to
obtelin Increassed lnterest on the avellable cspital

and parbly to reduce outlay on a wide range of

gpecliolise In one perticular enterprise and in
doing thias there sre, of course, technical diffie
teultles, For exmmple, 1t iz move difficult to
meintsin g belenced type of husbandry which is

of the farm to use the by-products of othorse It
is slgo more cifficult bo use en efficlent rotate
tlon and the incidence of pests and diseazses
increascs accordingly.

‘Farms with a high degree of specislisation
sre often more skin teo fectorles directly

converting/




| of slze there are two meln reasons for this, lack |

converting purchased raw materizl into produce
than to true ferms which imply a measure of two |
stage conversgion involving both the soll snd the |
livestocks. i
In conclusion it sppears, therefore, that t-he!
mein problem associsted with small farming can be
quite simply stated namely to provide an adequate i
living for the occupiers. Within the limitations
|
of capitsl and lack of skill and it may be noted
here that in view of the comparatively narrow |
profit margins on many of his activities the smalli
farmer must possess congldersble skill 1f he is I
to show sn sdequate profits This 1s particularly :
important in 'bad' years when he msy find it :
difficult to keep going on his limited resources, |
& problem which i1s seldom so acute on medium and
large farms.
1.3 Success factors.

In spite of the fact that smell farms in

general are experiencing difficulties, examples
are by no means lacking of small fsrms which sre
entirely successful and vhich sre able to provide |
& most satisfactory income for the farmer. |
However, for many this is not the csgse and a
number of suggestions have been put forwsrd with
the object of improving the present position.
Basically,/




Basically, there are two schools of thought and
it is interesting to note that they sre in direct
opposition. The first believes that there should
be more speclslisation while the other feels thsat
the smsll fermer should diversify his interests
to a greater degree.

The ressons behind these suggesbtions sre
worthy of note. Those who believe in specisglis-
sation teke the vliew that since lack of capitel
is the chief difficulty 1t would be best to use
the grester part of the sum avallasble to finance
& highly specialised enterprise such sg fattening
pigs, resring broilers or perhaps the intensive

use of glasss They feel that the farmer would
more readlly acquire skill in the operstion of
one enterprise and this together with close
attention to =ll aspects of the work should ensble
him to meke a study of every detall of hls process
and thus achleve a high degree of efficlency.

Those who dissgree with thls suggestion
meintein thet slthough in a few cases speclglis-
tation may meke spectacular proflits for the small
farmer, it is generelly unwise ss a long term
| policy which should be as fer as possible immune
to changes in the economic climate. They further
. suggest that the small farmer would be wise to
adopt a type of farming which was based upon =

sound/
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sound rotation for the particuler district,
modified 1f necessary in order to provide as much
stock feed as possible, and to operate this in
conjundtion with one or more stock enterprises.
In short, they feel that a sgelf sufﬁcient*type
of ferming not only satisfles a demend for some
reduction in working cepital but is a ruech better
insursnce for the future since it at least
provides a continuous background of closely
integrated enterprises any one of which could
become the main activity in a very short space of
time, perheps within a year and without heavy
capltal outlay, if the demand for a particulsr
product warranted some emphasis. With such a
system it would not mstter which product was
making the best return whether stock or crop, the
form would have e sound basis upon which to
develop 1t and the faclilities to efficlently use
sny by=products which there might be. This
development would of course be restricted to a
level which would ensure that the fullest possible
uvse was belng made of the other resources of the
farm and that the background of self sufficlency
was not lost.s In this way the future welfere of
the farm would be secure in the event of the main
' product becoming uneconomic.

Apart from the obvious suggestion that small

ferms/

x*
Self Sufficiemey defiuned on page 39, Se<eolt 3.1
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. farms shovld be amalgamated into larger units,
the above two theories form the basls of gll those
which have been put forwerd in recent yesrs in an
attempt to alleviate the difficulties of small
farming and while many authoritles favour extreme
speclalisation, 1t is probably true to say that
those who advocste a moderate degree of speclal-
tisation associated wlth the flexibility afforded
by a background of self sufficiene'gj‘ have the
greatest support.

le4 The plaece of the smell farm in the agricult-

sural industryve
In section lel it was shown that small farms

represent sbout 22% of the total mwber of ferms
in Scotland but thelr output expressed as a
percentage of the totsl Scottish output 1s,
naturally, less than this. In fact Hendry end
Bielby state that the actual figure is about 16%
and W,H.Ieng of Ieeds Unlversity states that the
average gross income per acre on small farms in
England 1s less thaen on the larger type of farm
and thisg 1s taken as an indicatlion that the
output per acre was also less. It therefore
appears that small farms in many cases produce
less per acre than larger farms and that thelr
contribution to the nation in terms of output
represents but a small fraection of the total

output/
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output of the industry as a whole.

In view of these facts it would seem that
there might be justification for adopting a policy
| of amalgamation of small farms into lerger units
and indeed this has been svggested. THowever, in
order to assess correctly the significance of the
. economic eriticisms it 1s necessary to examine
briefly some of the functions of the small farm.

Feom s national point of view the famlly
farm has three main functions, firstly it acta as
& food producing unllt, secondly 1t provides a
home and employment for a family and lastly, in
meny cases 1t serves as a rung on the ferming
ladder enebling a man with initiative and abllity
but lacking the considerable capltal necesssry to
enter medlum scale farming at the present time to
meke & stert on a small farme

It has already been shown that as a food
| producing unit the small ferm 1s less efficilent
than the medium or large farm. This however,
refors to output per scre and it is not unanine
- sously agreed thet In every case a high output
| per scre ls the mest lmportant aspect of farming.
The long term view demands that other factors be
congidered and one of the more importent of these
| is that a healthy sgriculturel industry is s vital
| asset to the nation in times of stress. This wes
of course exemplified to a great extent during the
| 1839=45/
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1930=45 World War and previously during the
economic depression of the 1930's. During these
periods the ability of the agricultural industry
to produce food as effieiently as possible was of
prime importance, efficlency in this sense refer~
tring more to the meximum yield per unit of raw
material then to economic efficliency in terms of
low costs of production.

This being the csse it would seem that from
the national point of view, a sound sgriculture
which represents an asgset to the nation and sn
Insursnce for the fubure is based not only upen
econonic considersetions but also upon blologiecsl
efficliencys, While it is possible to ¢btain 2
reassonably accurate economic¢ assessment of ths
small farm at the present time, many difficulties
arise vhen an attempt is made to measure blolog-
tdical efficioncy and there Llg therefore a tendency
to glve prominencs to the economles of small
- farming when thls subject is dlscussed.

Economic consglderstions alse ocowupy &
prominent place wihen the small farm is agsessed
on the baslas of 1ts ability to provide a home and
employment for a famlly. In this rsgpect the
facts unquestiongbly show that these farms in
many cages fail to provide an adequate living,
Idess of an adequate living vary, however, snd
. while/



while this mey be true as far as monetary return
1s concerned one muat not lose sight of the
numerous perquisites which the smegll farmer enjoys
as compared, for exsmple, with the aversge
industrisl worker. It is true that many of these
perquisites, in particular farm produce used by
the family, can be valued and teken into account
by the economists but comparing the smsll farmer
with the aversge industrisgl worker, the small
farmer 's rent 1s in some cases lower and the
money spent on recreation is often less. One of
the reasons for the latter 1s that country life
is largely devoid of the money consuming attrect-
tions of the clty and another resson is that
smongst small fsrmers there stlll persists an
attltude of mind which glves them as much if not
more plegsure and satisfaction from improving
milk ylelds by judiclous breeding and careful
feeding or from trimming a hedge or thatching a
stack than from tsking part in the communsl
pleasures of town life. Irom the nationel point
of view it may well be that a body of men whose
sole interest 1s in the land 1s an asset to the
country which cannot be measured in terms of
money and which might be worth preserving for this
| sake alone.

The/
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The fact that the smell farm serves as o
rung on the farming ladder 1s frequently illustr-
tated in the average Scottish country district.
Examples of smell farmers who have become
occuplers of medium and even large farms are not
difficuls to find and in many cases the farms
have actually been bought for considersble sums
of money by mmell farmers who originally started
with 1ittle or no capitale It is noteworthy selso
that these men ere often excellent fsrmers who
not only manasge their medium sized fsrms most
successfully but usuelly leave behind them a well
developed unit with a type of husbandry well
suited to the farm and one which has been proved
to be successful, This, of course, is idesl for
the begimner taking up small ferming and ensbles
him to meke a quitk and easy start.

In general the place of the small farm is
difficult to assess. Economists find it herd to
Justily and take the view that if smell farms
- are to remsin they must be justified on grounds
other than economic. These grounds of course
exlist and although they may not be sntirely
- conciusive it seems thalt government policy at
least is in favour of mainteining small farms
88 & part of the sgriculturel industry and any-
:thing which can be done to ease the problems
associated/



assoclated with these units is, naturally of grest
importance at the present time.
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2,0 OBJECTS OF RESEARCH.

Vhether or not the small farm problem will
ever be completely solved seems doubtfvl but
IObv:tously a greoat desl can be done to egse the
difficulties by persuasding the smell farmer te
adopt & sound system of farming. Cf the sugzesi-
tiona vhich have been put forwsrd, the aystem
based vpen inersased sgelf sufficiency seems to
hold grestest favour but slthough self sufficleney
1s frequently mentioned it sppears that 1ittle is
.Imown sbout its effects on the overell effielency
it:.\f‘ the system.

2,1 Genergl conglderations.

Self sufficiency as applied to ferming is no

new/



new concept but a study of the literasture has
shown nothing to lndicate that any detalled study
hes been carried out, in fact it is noteworthy
that no satisfactory definition of self suffice
sency in farming has been found., Furthermore it
becomes evident when compaering the work of verlous
writers thet self sufficiency is belng interpreted
in different ways. In view of this unsatisfactory
position it was decided that i1t would be both
interesting and useful st the present time to
Investigate in detail some of the technicsal
aspects of self sufficlency in ferming, particul-
tarly in its application to the small ferm in
Scotland.

A complete investigation of &ll the effects
of increassd self sufficiency, many of which are
almost certalnly cumulative, would require
observation over a long periocd of years. Never-
stheless it 1s felt that a sbudy of some of the
blological consequences of adopting an incressed
measure of self sufficlency in & farming system,
self sufficiency being defined in a pesrticular
way, would not only be a contribution to sgric-
rulburel knowledge by helping to remove some of
the confusion which appesrs to exist at the
present time but might elso be of vslue to those
who sre directly concerned with the welfare of
the/



the small fermer. It should in fact ensble smell
faruing systems to be planned for psrticuler
results with a greater degree of accwracy than
wag hitherto possible and converszely, the results
of operating particulsr ferming systems under
stated conditions could e more accurately
predicted. Apart from the purely academic
interegt 1%t i intended that the conclusicns of
the research should be presentsed in such a wWer
thet they might be of precticsl usge in the field
and 1t i3 felt that as for sa self sufficlent
farming 1z concerned the ability to effect

comp sriesons bebwsen diffeprent systems would be of
great velue.

Clesrly the first requirement is to define
self sufficlency in a way which leaves ne doubd
as to 1lts meaning end the second is to be ghle to
show the results of varying the level of sell
sufficliency with an accuracy sufficient to permit
reallistlc comparisong to¢ be made and to sllow an
agsesasment of the economic 2songequences cf diff-
terent levels to be compsred with esch cther. In
this way more effective planmnling couvld “e carried
ouvtbe

though 1t g nocessary to iatroduce scon~-
tondcg into the plsmning of Terming enterprisss,
ecoats and prices very from time to tlme and it is
felt thset e projesct of this type should nod
therefore/



therefore conclude with a method of directliy
assessing the economlc consequences of self
sufficient ferming but should attempt to show
instead the bilologlcal results in the form of the
efficlencles with which raw materials and the
resources of the farm are used. From these the
quentitative data necesssry to meintein fertility
and production could be obtalned snd, if required,
these figures could then be related to the costs
obteining at the time. Thls is baesically the
object of the research programme and it will now
be consldered in greater deteail.

Having decided that the investigation should
exclude economlics, considerastion was glven to the
best way to tackle the problem so éa to obtain
the maximum smount of useful information within
the limitations of the available resources. The
basic problem is one of efficliency on the small
farm and efficlency in this sense is teken to
mesn the extent to which the farmer uses his
farm potentisl for the production of salesble
produce., If economics is to be excluded, it at
once becomes apparent that a quantitative
sssesament does not necessarily reflect profit-
tabllity and this point will require to be tsken
into esreful consideration 1f the results of the
regsearch sre not to be misinterpreted. It does
not follow however thrat quantitative data @M
worthless in practice, indeed there are the
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distinet advantages of permanence and the
possibility of relating the dats to different
products and raw materials with the application
of appropriate correction factors if necesssry.
2.2 Productivity.

The nature of the guantitative data remsins

to be declded snd this very largely depends on
the type of measurements which csn readlly be
made. Since the efficilency with which farm
potentisl is utilised is the eriterion, various
factors which contribute to ferm potentlisl are

worthy of note. In general thore are three major

features of any farm which determine its producte

:ivity potentisl, these sre:=

1) Position (geographical, elevation & aspect)

2) Climate.

3) Soil type.

There sre naturally many others including
proximity to markets which may influence the
nature of cropping but in the proposed quantitate

tive assessment, the type of cropping muist be

- lesg important than the permanent features of the

. farm if the results are to be widely applicable
| in the area studled which covers the low ground
perts of the South and East of Scotlaend.

Since the primery object of farming is to

. convert raw materisls into produce the efficlency

with/
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with which it does this is of fundsmental importe
tance and it 1s an incresse in thig type of
efficiency vwhich would undoubtedly help the small
farmer to overcome meny of his present difficul-
stiess This would be an even greater help if at
the same time the farmer was able to reduce his
capital outlay and his lsbour expenses. All of
these benefits sre claimed by those who advoecaie
an increased mesgure of self gsufiiclency but the
present study will only be concernad with raw
materigl conversion efficisncy.
The raw materisls of farming sre many and

' varled; they may conslst of feedingstuff or
fertiliser or both but the majority of smell
farms in the ares to be studied are general srable
| units which carry a few feeding cattle or a small |
deiry snd occaslonally some sheep. On thase i‘sz'ms;
- the astock is mainly fed on home grown feed and |
- purchased raw materlsl consists almost entirely
| of fertiliser. TFor this reason 1t is logical to
conduct the research on the basis thet the raw
materials consipt of N, P snd X and to attempt to |

assess the conversion eofficlency of each of these
| three eolements. It 1s obvious that there are
meny complicating factors in work of this type.
. The raw materials may be supplied by the soll
reserves of NPK if nobt entirely, at least in part, |

or/
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- estimabting the guanilties sold in the form of

or NPK mey be derived from dung produced by

- livestock fad with elther purchased or home grown

feedingstuifs. In sny svent the action of farm-
ting mobilises the basie plant nutrients and the
ultinmate fate of a proportion of these is te form

| pert of the product.

In an active farming system there is there-
sfore the possibllitvy of meesuring the totsal
guantities of NPK purchased whether ss fertiliser
feedingstulfs or even as livestock and of

produces The relaticnsnip will show the efficie-
tney of conversion into produce of each of the
elementss If it 1s slso possible to measure the |
level of self sufficiency and to cause it to vory,!
the effect on NPK conversion could be demonstrated.

Obviously there are mumsrous varigbles whose I

| effects must be eliminated in an experiment of

this type and a generalisation would only be

possible after conclusive replication.

243 Utility of the relationships.

The question arises as to whether or nob

csuch 2 relatlonship between self suliiciency and

' NPK conversgion would have any real velue and

whiother there is justlfication for msking 1t the
imain feature of the regearche AV this stege it
is not proposed to discuss selfl Mﬁcienc’;s;t
llength/

A€
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length or even to define it. It is enough to
assume that the level of gelf sufflciency of a
perticuler farming system on a psrticular farm

.~ can be measured and that the figure so obtained

is avellable for comparison with other featuress

of the system. The advocates of increased self
sufficiency consider that i1t wlll produce greater
efficiency in the utilisetion of farm resources
and it therefore follows that i1f the NPK
utilisation efficiency is in fact a true messure
of the extent to which the resources sre used,

the type of experliment outlined will not only test
the hypothesis but provide additionsl information
which will engble predictions to be made of the .
eifects of any chenges in the level of self
sufficiency upon the use of rew materisls. It is
obvious that this information if it carried
reasonable accuracy would be of veluse to farmers
faced with a changing economic climate and desir-
ting to make slterations to thelr system in order
to exploit the new conditions and increase profits.
This would be especilally the case if the proposed
new system exhibited a merked change in the level
of melf sufficlency and the information should
show how the verious enterprises would best be
integrated to achleve maxlmum raw material
ef'ficiency.

. o/
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On the basgis of this reassoning, it would
| sppesr that for any given ferm there is a partlice
tular level of self sufficiency which under
- averasge conditlions would give maximm raw material
converdion. At this level it cen be considered
that there exists the optimum balance between
. stock and crop for that pasrticuler fam and this
is referred to as the point of bilological balance
between stock and crop. It seems probeble how-
teveor, thet in przctice thig peinbt may occur at
a level of gelf sufficiency which neccessitates a
relstively larger mmber of livestock than is
usually econcmic snd ir pleming a ferming system
the object should be %o operate it as nesr to this
| point as possible if the meximum use of rew
imabarials iz to be obhtelned, the sctual deviation
| depending vpon agonomic faclora.
_ An interesting sppllication of this technique
iwould be in the plenning of the modorn so=-called
| tagribusiness? where there ig often a two stage
| converslon of raw materials inbo produce and where
the intenticn is to obbaln profits at each stage.
With such en enterprise the maximnm pcossible
;affieiana-g i1z essentiel and If, as in many cases, |
' the system invelves growing feed for livestock
which 1g then scld, operation asg near to the
point of balence as posslible would ensure that
e/
|



the best biological return was obtained from the
purchased NPK but as alreedy stated, a deviation
might be necessary to ensuwre maximum economic
efficiency.

In cormmon with msny other processes farming
is at best a compromise between conflicting
factors but whereas 1t hes been possible in the
past to obtaln a ressonsbly sccurate evalvatioa
of the economlice of farming, the fundsmental
biologicel processes have in meny cases defled

| asgeagsuent. Thisg has frequently led to economics
becoming the sole basis of plsnning psriticularly
on the smgll farm and may well be the rosson for
the instsbility of the syatems which result. There
- seems little doubt that system plsmning would be
| more sffechtive if a compromise was resched between
economic end biologlcsal considerstions. From a
nationsal point of view ferming potential matters
more than current oviput and not only would this
condition be satliefied I1f such s compromise wes
mede but the farmer wounld experlence the long term
benefit of a high status of soil fertility snd
' regerves combined with flexibility of production.
For this reasson glse any resesrch designed to
megsure the blological efficleney of a ferming
' system is an atiractive proposition.
| Having decided that work of this type is
| Justified/



justified the primery object of the research will
be to show how the level of self sufficlency of
e ferming system influences the raw maberigl
conversion efficiency end using this information
a2 study will be mede of the possibility of the
existence of a point of biologicel balence. It
has already been mentioned that the intention is
to present the results of the research in such a
way that they might be of prsetlcel use and it is
felt that the best way to do this is to provide
a famlly of curves relating self suificlensy to
each of N, P and K utilisation efficiencies for
each class of farme In view of the fact that
type of stocking end cropping mey modify the
relationsghips it will probsbly be necessary to
derive correction factors from the experimental
date in order that the results will have & wider
fleld of spplication. This might be particulsrly
' required in the cese where the NPK raw materials
were purchssed in the form of Teedingstuffse.
| Within the limitstions of the study it may be
possible to dlscover functiongl reletionships
| with other factors which influence farming
efficiency snd with this in mind, considersation
will be given to the meesurement of eny fsrm
cheracteristic which might conceilvably have =
bearing on the primary chjective.

Sumerising/
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Summarisging the cobjects of the research the
primery tasgk ig to test a popular opinion that
ineressed gelf sufficiency will help the small

farmer to make better uvse of his form regources

- and s socondary alm is to show the relationships

obtained in such a way that they msy be of value
in planning oy modifying ferming sgystems for
particular results. Throughout the work such
additional observations and measwrements ss are
possible will be made in the chance that further
relstionships may appesr bub since farming is

- such a complex process it seems doubtiul if any
| will be found which ere simple enough to permit

| from the main research.

conelusive trigls to be carried out as an offshootl

Although a research prograume of the type
proposed is often difficult becsuse of the large
number of uncontrellsble factors found in farming,
it is hoped that with suitable replication of
experiments and the aid of statistical processes
in the interpretation of the dsta obtained, ths

objects of the resesrch will be fulfilled,

3.0 SELF SUFFICIENCY IN FARMING.
3¢l General.

Although there i1s some confusion as to the
true/




S

true meaning of gelf sufficlent farming in its
preactical applications, the basie concept which
enjoys almost universal acceptance is nevertheless

that it Implies a Tarming system based on stock

| and erop in such proportions that they are to

some extent complementery, the crop being used to
feed livestook whose dung is returned to the soil,
Difficulties arise however when it is resglised
thet = system based on complete self sufficiency
is not possible in prsectice since it mgkes no

allowance Tor either sglesgble produce or losSses.

On the other hand, s type of faming based

entirely on the production of crops using purches-
ted manures 1ls possible and exsmples do in fact
exist; this represents no degree of sgelf suffiei- |
teney.

Since the majority of small farms fall
somewhere betwoen these two extremes it is poss-
tible to concelve of a scale indicating the
degree of self sufficilency and by msking some
actual messurements of certain characteristics
of eny perticular farm 1t should be possible to

' give that farm a position on the scale which

would indicate the extent to which it was self
sufflicients Assuming self suffieciency could be
meagsvred in thig way with s ugeful degree of

sccuracy/
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sccuracy, it would then be possible to relate the
level of self sufficiency to eny other farm
chearacteristic which was capable of measurement
and by using the relationships so obteined; %o
express for example, the efficiency with which |

the farm used any one or more of its resources

as a function of the degree of self sufficiency.
In this way not only couvld it be shovn whether
or not a melf suffielent system was of velve on
s particular farm but the optimm level of self
sufficlency to produce sny desired result could
be estimabed.

Referring agsin to the self sufficiency scale,
complete self sufficlency implies that all
livestock and plant foods are retained wlthin the
system and operate in loss free cycles, there
can therefore be no produce lesving the farm end |
no purchases of raw materisls to balance the loss |
vhich would oceur in the form of produce. It is
thus possible to conceive of two weys in which
the raw materials of farming eirculste, one
entirely within the ferming system and one exter-
tnal to it in which purchased mesnures and feedingw
tstuffs bslance the losses occurring in the form
of produce. Cbvbously these two processes are
clogely interdependent and to regard them ss
separate entities represents a gross overe
simplification, but the concept is nevertheless
useful/



useful vhen consldering self sufficiency. In the
cage of complete self sufficlency there is
therefore internal circulation of raw materials
but no external circulstion while with no degree
of selfl sufficiency there 1s externel circulation

 but no internsl circulation. It ig convenient

to refer to these conditions as representing the

- 1limits of self sufficilency, in the former case

100% and in the lstter, zero %

On the basis of this ressoning, self suffiec-

sieney in farming mey be defined ag an expression
which indicates the extent to which orop snd
livestock ere complementsry as regards raw

materisl. The megsurement of self sufficiency is |
besed on the ratlo of the internsal clrculation of

raw materlial to the total internal mnd external
eirveulation in the particuvlar system., The level
of self sufficiency for raw mabterial may be
expressed thus:

Internal e¢ire.

#self suffics = x 100

(Iﬂto Cire. + Exte 35.1‘-0-)
This expression obviously represents a

. generalisation and is only true when the ferm is

congidered as a complete unit. In the example

quoted where crops are grown entively with purche

taged manures snd where there is no livestock,
there/

59



4.0

there are plant residues and the effeets of soil

fauma which couvld concelvably be regarded as

gimulating the activity of livestock, but soil
fauna is not livestock snd by definition does notb
influence self sufficiency. UNothing 1s lost by
this restriection in faet there is the sdventage
that a substentielly common factor in systems
exhibiting widely different levels of self suffic-

| tiency 1s eliminated and the measured difference

is therefore increased,

The question of the raw materials of farming |
has been deglt with in the previous section and
althouzh it will no doubt be possible to derive
sn overall figuwre for selfl suffleiency from the '
experimentel deta it is felt that it wovld Dbe i
interesting to observe eny differences which may !
exiast in the cycles for each of N P and XK. TFor
this reason each of the thres elements will be
congidered separately in the first instance.

32 Possible effects of self sufiflcient fsrming,

The adoption of an increased messure of self |
sufficiency into a ferming system is c¢leimed by

many suthorities to have great beneficial effects

on overgll farm efficlency. This is preosumsbly _
based on the effect that the increased ude of |
dung has on the soll sines with a few exceptions
incregged self sufficiency on small farms ususlly |

means/ |



means thet the mmber of livestock mist be
i
- inecressged.

Al.though there ere expremists on both gides, :
 most agriculturists sgree that a bslance of organ-
tic and inorganic menuring is the begt policy on |
. the aversge farm and the present dsy tendency is
to use as mich dung and organic manvre ag it is
 possible to produce in the belief thet by so doing
& greater cropping efficlency will resuldy and
| there will be a greater efficlency in the utilise |
taticn of fertilisers. Given proper drasinage and
- a suiteble pH there is of course no doubi that .
organic manuring has desirsble physicsl effects
on the s0il snd the NPK which is in organic |
| combination is generslly mobilised more slowly |
' then 1s the case with inorgenie fertillisers. It

would sppesr also that where inorgsnic fertilisers

i gre used in conjunction with a regular programe ‘

| of organic manuring there is likely to be s
|
greater retention of the inorgenic #PK duve to

inte orgenic combinstion as a vesult of the

be that inorganic NPK spplied to the seed bed of

a erop would expsrience less leaching and fixation

ithia/

sdsorption by humus and alsc s greater conversion ‘

inereased activity of soil micro-organisms. |

A probsble result of these processes would |

|
loss in the esrly stages of corop growth end that ‘

4/
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 this saving would be released as plant food over

a compsrabively longer period and in quantities

which the crop could readily utilise. Yet another possible
effect found after the application of dung is

that the hormone effects of certain constibtuents
stimulate a greater root development which ensbles
| the crop to use avalliable nubtrients more resdily.
| All these processes and many more of less :
| consegquenced suggest that inorganic NPK is wmore
efficiently ubilised in 2 soil which receives
regular organic manuring, particulsrly with dung,
' and it thevefore seems probsble that as the sversge
level of sali sufliciency on a farm »ises, the
' efficiency of utilisation of inovganic NPK rises |
also. However an increasse in self sufficlency
might well be associgbted with s decrease in the
;mtansity of cropping and hence the overgll level
of fertility since it implies a reducticn in
purchased fertiliser and this means that a way
mist be found to megsure the level of Tertility atb ;
which the soil is operated. A figuve which would
undoubtedly bear a close relationship to this
could essily be obtained from soil anslyses snd
this will form the basis for the estimation of the
level of soil fertilitvys. The potential product-
tivity of different soil types iz enother verieble
factor and a similar snslysls might represent a |
relatively/ |



| relatively high state of fertility which would

- allow s maximnm productivity potentisl on a poor,

merginal type of soll end a comparatively low

level of fertility on, for exemple, & goecd quality?

| market garden type of soills Soil type is theree
tfore importent and allowsnces mist be mede for it

' in the resesrch. Probsbly the easiest way to do
thisg iz to repeab a series of experiments on

different soll types representing s raange of those
- eommonly found in the srea studied. |
The possible efifects of iIntroduecing increased
. self sufficlency into smell ferming sre numerouvs
but for the purposes of this investigation, the
most Ilmporteant is undovbtedly that it mey affect
 the efficioncy with which the soil coaveris
 purchased inorganic fertiliser into salesble
produce and the ultimate object of the resgesrch
 programie is to abbewpt te show whether or not
this lg the case sand if so how it nay be meamured.

| 4,0 REVIEW OF LITFRATURE,
As the research plan developed it nsburally

!repaatea unnecessarily and this meant an extensive
| :

review of agriculbural litersture and the sgtudy

 became lmportsnt to ensure that no work was ‘

iaf any previous resgesrch on gelf sufflcient farme |
! ting elther 1in Secctlend or under condltious ‘
| similayf



gimiler to those prevalling in Scotland., IP
| quickly became evident however that there were a
number of difficuliles in work of this type chieliw
tly caunged by the vast amownt of literatwre
aveilable end the genersl nabture of the subject ab
| thies stege. In order to simpliify the sesrch a
 elagsified spproach was essential and it was
 declded Lo investigale each ol the main features
of the proposed work in segquence. .
4ol Belf suiticiency.

Sinee the regearch ig Daslically concerned
with self gufficlency, it sppeared logical Ghat
|tha firat tesk should be to fiad oub if eay wrlter
hed defined golf sufficlency im famming god showm
bow it eowld be messured, The concept cubraces
Ii:he vhole farming process end the search was f
| therefore starited in the standard sgriculbtural
I‘bax’ss. _

Watgon and More (8th. Bdite) aithough meking
I:f.'requen's refeorences to the importance and desirabe |
34lity of e balence of steck snd crop, do nob |
sppesr to sssociate This directly with efficioncy
in the utilisablon of purchasged NPK. They do !
point out however, that there is increased retent-
‘tlon of inorgenie HPK in well dunged soils bub i
glve mo evidence to sugeest that the degree of
;raoovary has ever been egtimated asg a function of
o



. the level of orgenlc msuurliag.
' In Fregn's 'Flementg of Agriculture! (13th.
Fdite ) there appears a secbion entitled' The
fertility belance.' This showe how the biological |
' balance of nabure 1s disturbed vwhen man grows
 crops vhich are removed from the site and adds

that the logses may not be s0 apprecliable when

‘ considered in relaltion to the totsl reserves
‘present in any acil. The guthor points oub thab |
| such losses Tall prinsyily on the avsilsble pﬂr“cimi
\of the total reserves snd so the soil becomes I
‘unsble to provide anything like the amounits of somai
of the individusl constltpents necessery to maiie |
iztain a high level of production. I the erops !
are uged solely for feeding the farm sbtock or lor |

'the produetion of anlmel products sold off the fax'mi

part of the nutricat constiiuents sre retained end
' |

the inrosds on fertllity are less severe than when

.i the ¢rops themselves leave the farm ginee some

returped eventuslly to the sgoil in the animal

sxorata,

The eoumpenseting effects of the introduetion ‘
.‘of meterial, fertiliser or feedingstuff, from i
‘extraneous sources is mentioned and the comclusion |
is roached that 1t is possible to belance gaing
\and losses by edjusting the ferming syetem to the
!1nherent fortillity of the soil. The necessity of
;iplarmins/




planning ferming systems is emphesised and it is
' pointed out that the plan may be sdspted to grad-
tually elevate or depress the level of fertility
- at which the soll i1s operated until a point of
| substantlal equilibrium is reached. The author
I.tlluatrntes the movement of nutrient materials
‘with the following diegranm:
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| Although levels of self sufficlency are not
:speaiﬂoall'y menticned in this seetion, it is
obvicus that the suthor hes a similar concept in
‘mind, It hes not, however, been developed in any
way which might indicate that attempbts have been
made to measure the level of gelfl sufficliencye.

The sesrch was continued in a number of other

‘works on general sgriculture but few references to
self sufficiency were found and any writers who
mentionsd self sufficlency did not defime it. Ab
least part of the reason for this is no doubt due
to/



to the fact that much of the material was American
 and becguse of climatlic and other conditions, the

f tendency there gppears to have been towards oither

! extengive farming or speclalisation where self
sufficleney 1s not so applicable. Since farming

| syatems in forelgn countries are generally based
'vpon different crops and stock, the references bto
gelf sufficiency do not generally spply %o Seottish
' conditions and therefore they are not recorded.

In British libereture the references sppesr to be |
few in mumber snd lacking in detell, the resson no
' doubt being that the concept has never been clearly
‘defined smd the obvious lmpracticability of compl=
tete self sufficlency has led to 1t being resiric-
'3ted to describe hypothetical farming systems.

4,2 Historical,

| The roview of modern literature had therefore
ifailed to produes evidence of any serious work on
Ethe effects of verying the level of selfl sufficle-
tney in o farming system and consideration was
‘glven to the posslbility of obtelning useful info-
trmation from agricultursl history. One of the |
obvious benefits of self sufilelent farming is thab
ii‘bs inereasns leeds to grester economy in the use
;of fertilisers end 1t therefore followa that before
ithe introduction of inorganiec fertiliser, eny ax'enu{

. |
in‘hich sustained continuwous cropping must have shown

8/ :



'a fairly high level of gelf sufficiency. A study
; of agriculbural history was therefore carried out
I:ln order to discover something sbout the way in
which the level of fertllity was msintaeined.

Although mach of the avallable lliterature was

of doubtful accuracy and appesred to have been

written by suthors with obvious bisa (e.g. Hendley,

Johngton) 1t was vossible to reconatruct o falr
!pieture of conditions in the early days of orgene

tiged sgriculture in Scotland and also of primitive

| sgriculture in certaln foreign ecountries.

In the esrliest times when crops were firat
' grown, little thought was given to returning
'materisl to the soil to compensste for cropping

'losses snd it seems that the prectice in those

primitive days wes to grow grain on an sres of

'virgin lend for probasbly three or four seasons

until the yields became low and then to move to
fresh ground. As populabtions incressed and the

‘necessity arose for more intensive use of land this

fnamadic sgriculture gave place to systems of farme

of self sufficlency was never high, it is interes-
tting to note that in perts of Chine (Bystems of

| was/

 ting which atbempted some degree of self sufficle~
tney through the integration of livestock with the
;cropping programe, Althéugh in Britasin the level

' Lend Tenure in various Countries) locel legislabtion
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was introduced to control the use of livestock and
the disposgl of gll execreta including humen, in
order to return all enimsl, vegeteble end human
‘weste materials to the soil for the production of
crops. In these areas the reinfall was comparsate
tively low and conseguently lesching losses were
Iat a minimum, this meant that a high level of self
 sufficlency was possible snd indeed it 1s reported
thet these systems were in operation for generab-
tions and that food produetlion remgined sdequate
for the commmunities throughout the period. The

' gres of land required per person 1ls not stated
exactly but 1% sppesrs to have been in the region

of three acres.

This system is probsbly the nesrest to comple

setely self sufficlent sgriculture which has sver
been schievad and slthouch the level of cropping
would in no way re#senble the intensive cropping
of the present day, at least 1t could not Dbe
degcribed es extensive agriculture which depends
almost entirely on the virgin soil reserves of
:plant foods sinece 1t is umlikely that even the
imst‘z extengive systems would remain productive for
the long period mentioned and the integration of

livestock into extensive systems is not usually so |
effective. In most of these early farming systems |

lthe 1imiting factor in the meintenance of plant
food/
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food reserves in the soil would no doubt be
phosphate since 1t 1s difficult to ensure adequate
supplies of this in organic manures. However, the
total content of phosphorgus element in most soils
is comparatively high altll;mugh only a small
proportion is generally aveilable to the plant aend
it may be that with s seml-intensive system end |
the Increased use of obganic matter there is & slow
mobilisatlon of P from the fixed state due to the
‘activity of micro-organisms snd the effect of
biochemicsl procegses which ig sufficient to prov-
tide semi-intensive crops with their minimum

requirements for a very long period.

Although early British agriculture did not
achieve such a high degree of self suificiency and |
!in fact could not hope to do =o because of the
climate, attempts were nevertheless made to conse~ |
:rve plant foods by resbing the soll and by grazing
stock on the grass which grew natureily. Vhen
sgricultursl commnities became organised and land
was enclosed, legislation was often introduced to
ensure that this was carried oute The usual
rotation was to grow one or two erops of grain and
then allow the fields to be grezed for perhaps
ithree cr four yesrs. In parts of Scotland this
system developed into the infield ‘and outfield -
ftsrpa of farming in which stock were often kept ln
the /
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the small inflelds during the night and gllowed to
graze on the larger outflelds during the day. By
this means the infields became enriched with dung
snd were cspsble of being oropped more or less
 continuouslys Since there is sn obviocus unbalange
in the level of fertility of the infields and
outfields in this system it cannot however be
described ss repregsentimg trus self sufficient
ferming, 1t is rether a system vhich sttenpts %o
transfer the plant food resgerves of a large srea
to & small eres thus buillding up a concentration
which is sufficient %o support continuous cropping.
Althoush veference is occaslonally mede to |
gsolf sufficient farming in sgricuiinmrsl history,
in Britain at least 1t seems that the chief 1imit-
ting factor in the maintenance of a constsnt level
of self sufficiency was that the overall fertility
wee nesrly always deereasing 28 no atterpt was
mede, or in fact could be made, to balshce cropp-
ting and other losses by the introduction of NPK
from sources externel to the fsrm. As the fertil-
tity was reduced 1t secems that the farms tended to
place greater emphesis on livestock and the level |
of self sufficlency increased. Apart from the
 extreme cages found mainly in Ireland and the North
;of Seotland vwhere owing to the great soclsel
difficulties land was impoverished beyond measure,
the/ S

| q
. N *_;;_:,.{\f,

NS

SENS

3

/{Enul‘

5



' the reduced level of fertility was such thaet it
appeered to ellow s state of equilibrium with the
modified cropping and stocking programe sgince the
 systems were in operatbion for long periods and did
not geem to deterioraste. Thig point of blologlicsl
‘belance between soil fertility and the degree of |
' self suffieclency of the cropping and stocking
progremme was of course sltered considersbly by
' the introduetion of eny plent or sminmal foods from |
sources exbernsl to the ferm. Before ths days of
inorgenic fertiligers, externgl sources of dung |
were often evailsble from town stsbles and on meny |
estetes dovecotes were eateblished which provided
sovreces of wvery rich manure, This introduction of
Iexm':meous NPK increased the overall level ef
Ilfez-ti.lit-g of the soll and more intenslive cropping
;eould be maintained., The point of balance had |
therefore been elevated and since it seems probable
that sales of produce increased, 1t follows that |
'the level of self sufflcieney would be dopressed.
It 1s interesting to note that In this axmplei
an lnecrease in the level of fertllity at which
biclogicael belance occurg would sppear to be
:associated with a decrease in the level of self
sufficiency. As the rvesesrch proceeds it will be |
interesting te obgerve this relationship at other |
ili-g;her levels of overall fortillty such as eve

associlated/
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ssacciated with modern fertiliser practice.

In genersl the review of literabture has not
produced sny evidence to suggest that self
sufficlency has been investigated in detall and in
faet nothing hasg been found which is of real value
in the present wofk. It is therefore concluded
that the proposed research concerning self suffice-
tlency under Scottish conditions is in fect
origingl work and that there is no significant
evidence in the literature that any similar work
Ihaa been carried out which might assist in the
development of experimental technigue.

4.3 The Soil.

It has already been mentioned that soil type
'snd the level of fertility are important factors
4n the research. The study of each of these
factors in detall is, however, an enormous task
end quite beyond the limitstions of the present
resowrees, Fortunately this need not impose eny
resl restrictions on the work provided certsin
basgiec aspects of soll type and fertility can be
resdily measured in the field. The claessification |
5of soils is well established and a brief study of
litersture dealing with this subject showed that
s0il elassification is ususlly on the basis of
:genlog:!.aal and ecologlcal chargcteristics. In
'The Study of the Soil in the Fleld' (4th. Bdit.)
Clarke/
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Clarke quotes Dokuchaiev's classification as being
the basis of all modern soil classiffcation methods,
;Eitare are five points of thisie

| 1. Heture of psrent material.

2+ Mass and character of vegetatlion.

3¢ Age of the gite.

4, Rellief of the site.

5. Climate of the loecsllity.

Expressed another ways:
| Soilm (GEB)ds
| where: G = Geologicsl processes.
i B u Environmental factors.
| B = Bilological processes.
i This spproach te soil classification and the
‘more recent approaches developed from it atbermpt
‘te ignore the effeect of culitivations, which i1s
naturdlly desirsble in a genersl soll survey but
for the pwrposes of the present work, ths influen
‘of soil type uwpon the efficlency of NPK conversion l
doeos depend to some extent vpon soil factors which
imq well be influenced by prolonged cultivation of
the virgin soil, The standard methods of soil
!clnan&fioation are therefore not entirely suitsble
for the type of wosk in hand. ‘

Probsbly the most important physicel feature ‘
of the soil is quite simply the degree of '
theaviness' or 'lightness' and it gppears from

various/




various works including 'Soil' (US Dept. Agric.
1957) that a setisfactory method of measuring
thesviness' is based on the results of meochanical
:anal'yaia , in particular the proportion of clay
if'ractian.

; Mechanicel snalysis 1s commonplace in many
‘laboratories at the present time and 1t wes decided
?that this should be cearried out ag routine if fams
under investlgation appeared to be situated on
subgtantially different =0ll types. Other physical
features of particular farmsg, notebly elevation,
 aspect end climste will be recorded but it sppears
:frm the literature that the differentisl effects |
of these factors will be of relatively minor
importence in the limited srea of study as compared

with the effect of soil type. '
|
4!4 F‘er’bilitg. ‘

| Level of fertility is snother feature of the
:soil walch it 1s importent to consider but sinece
| tfertility! 1s a general term dependant wpon an

‘almost infinite number of factors, its measurement
iin the field must necessarily be arbitrary. The

iqu.eation ariges a8 to the best method to use in
the present work, The requivements are not string-
tent and slthough it is spperent from the literat-
ture that there are many ways teo reach a figure
for overall fertility, the simplest and probebly
the/




‘the most reliable for cowparative work is basged on
the standard soil analysis. Biologlcal methods
csrrled out in the fleld take considerable time i
‘and are complicated by weather conditlons and other
factors, there is also greater difficulty in
‘obtaining figures for each of the elements NPK.

i It has been mentioned that the research is
concerned with NPK utllisation efficlencles and

that 1t is proposed to deal with saech of the three

‘elements separatelys In the case of P and K,
|
figures for avallable smounts of these substances |

are readily obtsined by quantitative analysls but

a figure for nitrogen ls more difficult to assess.
The analysls of the soll for total N can be carried‘
out but the resulis mean little in terms of the ¥ ‘
Tertility level as sxporienced by a growing Crope

A search for information concerning the estimation
of soil nitrogen, as expested, revesled little of
value. Figures have been obtained by many workers :
showing the content of scil N under different
conditions but from the generel inconsistence of
the results obtained 1t is obvious that the avalle

sable nitrogen content of any soil veries almost

from day to day and a figure which exhiblts |
frepestability! is virtuelly impossible to obtain.
| - The apparent dlfficully 1in estimabting the |
‘level of soll fertility Ior nitrogen led to a a'!m.dﬁ
ot/ |




‘of indivect methods of spproach. Gisiger (1950)

| studied the humug content of s0ils and also measu-
| tred the Carbon/Nitrogen retie which for mﬁ.tivateﬁs:.
Iland was found to be sboub 10:1l., Further reading
ghowed thet this figure is difficult to change by
the application of orgenic matter and also szhowed
the poesibllity of cobtaining a flgure for nitrogen |
by meesuring the loss on ignitlons Gisiger quotes

the followlng C/N ratios for various materislsse
Aversge cultivated soill 10:1 ‘
Plent maberiel 15-3041 |

|

|

; Straw and stubble of ceresgls 80:1

Sawdust snd peat sbove80:1

| He alsc states that in average seils humus
!content diminishes according to depth more rspidly
' then nitrogen content because guentities of !
Iimature hunug are present in the uppermost soll

stratass In an exemple to estlmate the quantlity of

‘nitrogen per hectare, the quantity of soil is |
|given a8 4 x 10° Kge/hectare to a depth of B0cme., |
'As shown in the table below, the figures obtalned
ifor total nitrogen using this method sre comperate
|3ively high but it must be noted that these figures

|

sre for total nitrogem and in any growing season
only & fraction of this 1s mobllised into sn
avallable form.

Teble showing the relationshlp between humug
content/
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eontent and the welght of totel nltrogen per
hectare at different levelsi-

|

. Haumug(L.I.%) CarbonZ Nitrogen% Xg./Hz. N

| 1 0.58 0. 058 2,320
i 2 1.16 0.12 4,800
| 5 2.9 029 11,600

10 5.8 0,58 23,200

It 1s obvious from the figures that if in a
growing sesson even 1% of the total nitrogen i1s
;mbili ged this represents a relatively large
iqumtity for the crop and explains why response to
nitrogen is greater on soils with low carbon
eontent,

In experiments to determine the effects of
snimel s on the nitrogen content of soils, Watkin
(Wye College, 1954) refers to trisls with sheoep on
pesture with verying NMitro-Chelk treatments and
Ewit:h and without dung and urine., The conclusions
!reaehed appear to heve been thet as far as producte
tivity and therefore, presumebly, nitrogen fertil-
tity is concerned, it mey be best in certsln cases
to restrict the vsge of fertiliser to the minimum
and rely on excreta to meinbtein fertility, The
implication is that rather less nitrogen is lost
in the grazing process then is st first spparent
and presvmsbly the effeets of the unsuppressed
?legmnea/
|
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legumes contribute to this comperstively high level
iof self sufficiency for nitrogen.
| Since a high degree of accurscy in this pert
of the work is not essential, the measurement of

' soil fertility waes not pursued further at this

' 8tege and the concluslions reached from the liter-
tature are basically that the figures obtained
.from soll anglyses wlll be satisfactory in the

cage of phosphate snd potashs The estimation of
nitrogen is more of a problem but if satisfactory
progresa cen be made with comparsbive nitrogen
lavals as opposed to absolute messurement, then it
sppesrs thet figures obteined from loss on ignition
anglysis would serve the purpose.

4.5 Sunmary, |
| Although there have been few references to |
similer work in the literature, enough information |
has been obtained to proeceed with the pilot reses-
srch snd 1t ig felt that there 1s 1little to be
'gaﬁ.rwd by intengifying the review at this stsge.
‘The results of the pilot experiment will no doubt
Andicebe the need for further information and sﬁ.nce
‘thia will be more specific, a gecond review of

iba more satlsfactory.

|
|
literature before the main resesrch would no doubt |
|
|
I Since 1t is probsble that more detalled |

‘1nform=.tﬂ.en concerning the protein and esh malyaea
o:f' 7’
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|

iof livestock will be required, any references to
such anglyses sre being noted. In this connection
it sppesrs that sgpecific references of this type |
ere much egsier to find than those of e more |

general nature.

| . R V€ wme
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5.0 LINTROSE HSTATE

The review of literature having provided the
necesssry dabta for the interpretatlon of results, |
the Wey was thus clear for the plemning of field |
iwerk. Since the Ffirst yeer resesvch 1s to teke |
the form of @ pilot experiment designed not onliy |
to provide resesrch daba but to assist in the I
developnront of satisfactory experimentgl techuigue,
conglideration was given to the best spproach to

this problem. As already stated there sre baslce

tally two objects, to meesure the degree of self |
sufficiency/ |




sufficiency and the NPK recovery on smsll farms in
the Southern half of Scotland and to dliscover the
relationahip between these two figurese

Since soil type and other physicsal feabtures
of the farms 1s considered to be significent, 1%
‘was declded that in the pilot experiment physical
features should be substantislly constant for the
smell farms studied in order to eliminate as far
as possible sny differentlsl effects. It also
Isaemad loglcal that the physical festures sghould
‘not exhibit any extremes, in fact that the farms
 studied should be of average physical type. This
;suggeatad at once that an oasy way to ensure these
' conditions would be to study a growp of farms
?aitugtad on average soll with sversge elsvation,
aspect and climate. A study of meps of Dept. of

Eﬂyieultm-e estates showed thet a group exlsted abt

'Burrelton in Perthshire which appesred to satisfy
!tha g6 reguirements and further investigation
irgvealod the following feabures:

i&.l General.,

f The estate was purchssed by the Dept. of
3.&@1&1%\:1{8 in 19287 for the purpose of breaking up
dnto smell-holdings snd smell ferms. This result-
l ted in 48 holdings 24 of which were small type
!ws.th acresges less than about 10 and 24 large type

iﬂ.th acresages ranging from sbout 50 to 100. The

large/
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large type holdings or small farms sre in general
;oowpﬁ.ed by sound tenanids who work their farms
‘energeticslly and who are obviously showing a
' satisfactory economlc return. On mosb farms the
‘emphasis 1g on arable cropping assoclated with a
livestock enterprise, usuelly stock rearing and
fattening but occasionally dalrying. The livestock
‘eonsists mainly of cattle but it is common prscti-
::ce on meny of the farms to let grazing for sheep
at certaln times of the year, partlecularly alfter
taking & crop of haeye. There gre 2 fow pigs and
pouliry on the farms butl in only one case is there
a large enterprise (poultry) constituting the main
activity of the holding.
5.8 Fhysicel features.

Situagbion: Lintrose Estate, Burrelton, Perthe
tshire. 0.8, sheet 57 : Netlonal Grid Reference
for approximately cenire of estate 210570. Estabe
lies between the elevation contours of 200 feet |
and 400 feet sbove sea level. The 400 foot contowms
is at the southerm extremity and this sppesrs to |
‘give the estate e northerly aspect but in fact a |
;hrge sred 1s substentigliy flat at sm slevabtion
of sbout 300 feet,
!mfem type throughout the estate end has a
medium loamy texture. The land 1s well drelined

Soil:s The soil sppesrs te be of ressonsbly |

| and/
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iand is free from wet aress on the part of the
'estate which is chosen for the research.

Thig investigation of the physical features
of Iintrose Estate indicated eminent suitebility
:for the pilot research. The matter of access to
 the tenants was easily srranged throuch the Depte
gof Agriculture end it was known that the majority
were willing to co-operate in work of this type by
providing g1l the necessery data concerning thelr
sctivities.

|
843 Selection of Farms for spesisl study.
| For the ressons mentioned above it was decid-

' sed to csrry out the pilot work on this estate and
oach of the 24 smell farms was viglted in order to l
check the individusgl sultability of the farm and
fermer, For various reasons 1t was finally decide
;:ed to leave out 12 of the total of 24, There wera
:two main regsonsg for this action, firstly the fact
'that on 8 farms there was a considerable acresge
'devoted to the production of soft frult and vegete
sabless The small acresges devoted to eagch crop
and the widely different manurial policles made ‘
the enterprise very verisble from year to yesr and
‘even in one yesr's work 1t seemed 1likely that some |
‘nonm.ton might axrisze. The other reason for asvoid~
;:ing 4 forms wos that the farmers were somewhab
Ium'elisble gnd talks with them showed that it would

be/
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ibe difficult to obtain sabtisfactory figures.

i This meant that 12 farms were left for special
iatudy. The tenants of these were all keen to COw
woperate in the work and their farums were well
‘mansged and gqulie sultasble for resesrch parposes.

| The conclusions resched from the brief swrvey
of Lintrose estate indicated that it was an idesl |
location for the pllot research and arrangements
were therefore made to proceed with the work on

the btwelve mogt sulteble farmses

6.0 PILOT RESEARCH. |

| As fuvrther conalderation was glven to the best
|

spproach to the field work it quickly beceme evide |
tont thet standardlisstion of technicue was esgent- |
tlal when desling with o mumber of sepsrate fm:g
‘units and this meant working to o definite research

plan. It alsc aspposred loglcal that the plen |

should be drewm up with the meln regearch progrenme
in mind, in as far as thls was pogssible, since the
main regegrch field work would no doubt he esagler

snd lesy 1lleble to mrror 1P experience had already
‘been geined with the technligues involved. |
| This led to a detailed study of the past |
ifarming prograrmes on each of the gelected farms.
!Tb.eaa subsequently proved to be basically similer

e/
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|

| a8 regards cropping, the chief differences being
in the varying emphasis on certain products amd |
‘ in the verying types of livestock enterprise. The
| variety of crops and livestock mesns that there is
! ample opportunity to develop techniques for
| assessing the blologicel significance of a wide
range of farming activities in the pliot experi-
- tment snd these techniques should require little
I rddification for use in other aress if this ahnuld"
be required as part of the main research programis,
| It appears thet this will be an important feature
of the fingl research plan if it is to have wide
application in the areass studied.
It was decided that the pilot research and

the main resesrch should sach occupy a full farme-

| ting year and the pilot experiment was scheduied
%o stert in 19860. Since the work involves the
!mmmt and NPK assessment of all the materialsg
which appesr in the farming process and the records
| ting of the movement of these materials, the best
 time to start the experiment sppears to be when |
 the movement of materials is at a minimun, For
| this reascn it is planned that the work should
begin om 1/1/869 and continue until 1/1/60 when
the main research will stert. This allows no
interval for a critiecal review of the resulis of
 the pilot experiment before starting the main

research/




resgearch but it is felt that any necessary modifs
tications to the technique should be cobvious in
the last few weeks of the pilet experiment when
the ferming activity is spproaching the minimum.

Also, the advantages tc be galned by starting the |

. to know exactly what to record and how to obtain

of livestoek or material and it is clear that o

| sulties in eostimaeting quantitles of material
' moved. Within the limitations of availsble time

- and vwhen the matter was given deeper conslderation
it was realised that this approach need not limit
the value of the work providing the technigue is

main experiment at the begimming of the year :
outweigh those to be gained by delsying the main
resesrch in order to review the Pesults of the
pillot experiment for a longer period.
6.1 Research Plan.

The first necessity in work of this type is

the information. NPEK transactions which are
fundamental to the work ere influenced by almost
every farming activity which involves the movement

c¢lose check on such movements will have to be
nade. There are naturally great practical diffice

and resouwrces it is obviously pointless to conaida#
woighing anything like &1l of the material. This |

means that relliance muat be placed upon estimates |

standardised and used in every case. Cormpsrisons |
would/
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 providing the sges of the animals when bought smd

| AT necessary this problem might eventually be

| sffs consumed aend subtracting the amounts of NPK |
- eorresponding to the increment in body weight over
~ the period. ReCords of the movement of sll live~

| sstock will therefore be kept and the gpproximate
- ages and welghts noted. Iivestock preducts in

- recorded.

would still be effective and in certain clroumste
sances there may actually be some advantage in
this aspproach particulsrly if there was likely to
be considergble experimental error.

The problem of desling effectively with live-
tstoek hed mention ir the review of literature.
From preliminary telks with the farmers concerned |
it wes apparent that information about the numbers
of livestock purchased and sold together with the
dates was reedily availeble as all farmers kept

reeords for their own use. This meant that

sold were lmown, there wes 1llttle difficulty im |
calculating the incremental content of NPX. IMore |
of a problem is the smount of the contribution
towsrds internel circulation of NPK by each snimgal
during its stay on the farm but it 1s hoped thal

solved by estimating the quantities of feedingstu=

the form of milk, eggs or wool are easily assessed
snd the quantities of thess products will be

Purchases/
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- movement of materials. The records may be checked
| with the farmers' books at the end of the yoat.

- out in the eamrly part of ths yesr, the intention

 being to sample all farms as quickly as possible
| to aveld the differential effects of eultivations

. teke place in early March before the spring

Purchases of fertiliser and its analysis will
be noted together with the quantities and types of
feedingstuffs purchased during the year. Sales of
erop will complete the data and talks with the
farmers indicated that visits at two or three week
intervals would be sufficient to record all the

In gddition, soll sampling will be ecarried

end other farming activities. In view of possible
frosty weather, soil sampling hgs been plamned to

cultivations and manmuring, Analysis of the sampl-l
o8 will be carried out for the following:
Ioss on Ignition
PH |
Iime Requirement |
Available P05
Available K,0
The figures for lime requirement are not necesse
tary in this work but may be of some use to the
farmers.
6.2 Internal movement of materials.
The question of the internsl movement of
materisls/
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' mabterials on the faym has been given csreful

conslderation since it appears to be extremely

 difficult to measure with any degree of sccuracy. |

quantities of materials such as turnips carted
 from the field to feed livestock and sampling
- techniques are difficult to apply under the circu~

difficulty in esgtimating the quantities of grass

It is obviousaly impracticable to welgh total ‘

smatences., o less of a problem is the apparent

consmumed by grazing animals although figures have |

 been seen which c¢clgimed to provide a reasonsbly

accurate estimate of protein equivalent and starch
equivalent consumed by the animal. However the |
figures ave rather too arbiary in meny respecits
for work of thls type.

‘Referring to the definition of self sufficle~
sney, the required figure is for the internal
circulstion of the element and since the true
civeulation is only as much as the minimum quanti-
:ty in the cyecle, it follows that a measurement of
the minimgun quantity should suffice. Thers is I
1ittle doubt that in the genersgl farming systems
found on Iintrose estate the minimum gquantity is
found in the livestock residues returned to the @

80il and this therefore provides a comparatively
eany way of assessing the internal movement of
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The measurement of the auantlties of NPK

returned to the soll as dung can, 1t iz felt, e
carried out with sufficient accuracy by measuring
the quantity of dung applied to the land during |
the year and using published figures for NPK ‘
content. These figures appesr to vary over a '

comparatively small range for phosphoric acld and

' potagh but very rather widely in thelr nitrogen

content. This is presumebly due to the different |

- s0ld 1s therefore lmown and the quantity sold 1s

methods of handling the dung before spreading on
the land snd the higher figures will be tcken whea
it 1s appliecd egtraight from the courts, the lewer
limd t being used when duang 1s stored 1n an uncove
sered hegp and hsndled twice,

6.3 Externsl movement of mabterials.
The exbernel movement of NPK is easler to

measure and published data is availasble giving
phosphioric acld, potash and crude protein anelysis
of all the important cropse. The analysis of crops

alsc mown wlth accuracy. The quantity of NPK
perchased as fertlliser is eesily calculasted butb

some trouble has besn experienced in the case of

feedingatuff is often known but no figures are

| purchased feedingstuffs. The protein esnalysis of ‘

available for ash or ssh composition. Several
spproaches/



approaches to the suppliers of feedingstuffs have
‘been made with a view to elther obtalning figures
for ash and ash anelysis or lists of the feedinge
sstullf comstituents from which the phosphorie acld
and potash contents could be calculated. The
merchants were reluctant to revesl this informate
slon for seversl reasons including trade secrecy
and the fact that the composition of a partiolar
feedingstuff can vary consldorsbly depending upon
the availability and cost of raw materisls in

world msrkets.
A solution to this problem which would sppesr

'to provide an acceptsble degree of acouracy Cons-
tists of calculating the NPK figures for ‘stendard
foods' and using these figures to estimabte the

NPK eontent of purchased compound feedingstuffls |
degigned to serve the ssme puUrposd. Merﬁmatoly'
it is obvicus from verious agrlcultural btextbooks
that so-called standard foods can vary not only ia
percentage composition but in the materisls used.
These veriations are not great however, and ¢slee
sulations of the NPK contents were carried out for |
a mmber of plg rations based upon barley meal and
white fish mesl with the addition of ome or more
éather substanees in various proportions and salso
for a nunmber of standard productlon rations for

dalry/
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 dairy cows. It was naturslly expected that the |

| figures for nitrogen would sgree closely since t'hel

rations are usually designed to supply a speecifie '
protein equivalent and this was confirmed by the
results vhich glso showed close egreement in the
cagse of phosphoric aeld snd potash.

6.4 Summary of vesgeavch plan. |
| The research plan has been discussed in some |
detall in the preceding three sections and the
; work may be convenlently divided as followa:

(1) Soll ssmpling and analysis.
(2) Collection of data concerning the move-
sment of materisls on each of the selected fevms. |

(3) Interpretation of the data in terms of |

. NPK.

' The first two operations sre falrly straight-

sforwerd but in order to interpret the data in

| terms of NPK it is necessary to 1ist the snslyses
of gll materials which are iikely to be encomnte
tered. In cese sny unforeseen smags should srise
in this part of the work it was decided that the
list of actual emslyses should be made out before
the regearch was started., This preceution would

- allow chenges in technique 1f, for example, |

 sstisfactory figures could not be obtained for a
particular material and it proved necessary teo
take samples for asnalysis as the work progressed.

| n/
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In drvewing up e detalled research plan there

' is o great opportunity to enticipate as far as

possible sny future diffieculties and this has bsen
! given careful thought from the oubtset. HMinor

: aiffioultles ave expected bub it is hoped that ome
- of the resulis of detalled planning will be the |
! sbsencs of sy major smags which might otherwise
|
|

inmpely the value of the work,.

7.0 GENFRAL.

| The necessity for standapdisation in the

\ interpretation of materiale in terms of NPK has

| 106. to the collection of analytical dats for a
variety of mabteriels which are likely to be found
! in the farming systems of the ares studied. Some
thought has been given to the form of expression
 for Phosphordus snd Fobassium. It was originally |
 intended that these should be expreased as the |
element but nesrly #ll snslyses are e@nmtienﬂlyi
exprossed as Polp snd XKp0 and sgince it iz the “
' ratlos vhich are important, there does not sppear
to be sufﬁo&ont%:amn for converting the figuress
Further considerstion may require to be given to
this point if 1t becomes necessary to eliminate |
the insctive oxygen to avold a complex funotion
when/
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when relating the combined effects of active
elements to some other parameber.

The limited time and resowrces avallable
meen that it 1s obviously impossible to carry oulb

| KNPK snalyses of ell the materislg and the follow-

sing figures are baged upon publighed results, the

references being listed st the ond of the section.

7.1 HMaterlsl grouping.
Haterlals found in a typiceal farming system

mgy be classified into five groups as follows:

(1) Cropg sold snd fed.

Figures for NPK anelysis of erops are readily
obtained from a nmumber of sources all of which
agree closely with each other., The figure for

 nitrogen 1s usuglly quoted ss crude protein end

| this will be comverted to porcent nitrogen element

(2) Dung made on the ferm.
& number of anslyses have been found and the

propogal is to use the sverage and allow a small
adjustment especiglly in the figure for nitrogen
depending upon the method of handling the dunge

(8) Purchased foriiliser.

The necessary information 1g casglily cbtelned
from manufacturers lists.

(4) Purchased feedingstuff.

The problems assooclated with estimating the
IPK content of proprietery feedingstuffs has

glroady/
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| glreedy been mentioned and estimetes will be mads
 based vpon the analysis of standsrd foods,
| (8) Iivestodk snd livestock products.

The method which 1% is propesed to use in
order to estimate NPK content of livestock has
also been outlined and if necessary, grephs will
' be used to estimate the\ inerecse in NPK when stock
| &8 kept on the ferm for imsea periocds during the

| geswe Hil, X

Each of the five gdoupa will now be eonsidered
in grester detaeil. ' ‘

7.2 Anaslysis of erops.

: The following crops are 'the most important in |

 the ferming systems chosen and the figures show :

| the smelyses which will be ugeds In the conversion

of erude protein to nitrogen the factor of 6,25
'hasg bean used throughouts |
| ¥ 2205 K20
Grgin: Oats 1.68 0.82 0.88
| Barley 1,80 0.84 0.57
Wheat 1.94  0.86 0,60
Stwaw:  oa 032 . 038, . 1,80
| Barley 0.5% 0:18 1430
| Vheat 0n 34 0:13 0:80
!me Ryegrass 2,98 0489 | 1.80
Timo iy 1436 0u45 | 1.40
| Yo adow/ |




(Hey) (m) (P205) (k20)

Hesdow 1.56 0e43 1.60
Roots: Pobtaboes 0.54 .18 0.60
Swedes .21 0.08 0,30
Mangplds 0,18 0o 09 0045
Sugar Beeb 0.8 00 047
8/Beet Tops 0 52 Oall 0.58
Kele (msrrow) 035 0.12 056
Fruls: Raspberries 0,23 Oe 07 0.28

Adviee was given by Dr. Wood, Mylnefield
Research Station that NPK figures for raspberries
eould 2lso be spplied to strawberries with little
SPTOYe
7¢3 Dung anslysis.

A number of figures for dung analysis have
been founds these =re as followss

Percent of tobtel welghb.

¥ Pa0p Kg0
Rothanstead (cow) 0.54 0e 32 0s 67
Rothamstead (average) 0.64 0.23 0032
Farm samples sverage 0.40 Qe 31 0s40
French figure 0.88 0.30 0,50
Bullock dung 0.62 0,26 0.72
Cow dung _ 0643 0619 Osdd
Sanders: Brit. Crop Hum.0.60 0,35 0,60
Hopkins: Chem. Hum, Sl. 0,60 0,30 0,50

Steble/




() (Po05)  (R0)

- Steble manure 0.76 0. 56 0.65

|

- Fregh liquid manwre 0.04 0.08 0.36
0ld liquid manure 0.08 0.0L 0.22

|
Averaging all execept the liquid and sbable I
-memwes glves: 0.58% N, 0,287 Pp05 snd 0.52% Kp0e
These figures sppesr reagonsble when considered !
| in relation to Nurther reading on the subject snd
- will be used in the work, It is also propossd to |
| allow sdjustments of shous pius 107 or mimes 80X i
maxluan in the case of nitrogen and plus or minus |
107 in the case of phospboric acid and potashs It
| is intended that no adjustment should be made I
'unlesa there are speclsl eivcumstances, for exame !
| tple, sbnormal feeding of the livestock or unususl
' m_athndn of handling the dung. The one possible
- exeeption to this is in the case of nitrogen vhere
& deduction may be made if the dung ls handled
twice and stored in the open in an uncovered heap |
before being sapplied to the soils Conversely, en
incroase might be indieated where fresh dung is
 applied to the soili ag for example, the direch
cleaning of dairy byres inbto s muck spreader wvhich
is emptied onko the fieolds deily. These methods
' of handling are fairly common in some areas and
- eannot be considered unusual,

| 7.4 Purchased fertiliser. /
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'of the best way to deal with goluble and insoluble

7.4 Purcheged fertiliser.
Bach of the merchants supplying fertiliser in‘

the area have been asked for leaflets giving detal
118 of the NPK snalysis of their products and these
;ﬂguraa will sorve as the bagis for the estimat:.enl
of purchased feritiliser in terms of NWPK.

|
Conslderation hag been glven to the quesbtion

phosphoric acid and it has been decided that 4m |

the sbsence of detalled information on the mebile
tising effocts of micre-organisms end the physio- ‘
tlogical aspecis of rood upbske in the various |
i
|

erops, it should be assumed that at least part of
| the insoluble phosphoric acid can be utilised. |

| fols that figures for soluble and insoluble

The extent of phosphate fixation 1s a further
compliecating factor bub since one of the objects
of the research is to measure the effieciency with

which purchased phoephm?fu.ﬂ is recovered, it is

phosphate should be sdded together and treated as |
one at this stage. The detalled investigation of |
the different regoveries of phoopherua in various
formsg would be an interesting project on its own, |
it is however somewhst beyond the bounderies of
the present work.

7.5 Purchased feedingsbuffs. '

The method of estimabing NPK content of i




purchagsed proprietary feedingstuffs has elresdy
- been explained and the 'gtandard food' analyses

. for certaln common purchased foods =re assumad o |

be ag follows:

)

- Catile foodss

Suger Beet Pulp (deded) 1.48
Dairy Prodn. (3%lbs/gal) 3446

.~ Celf Rearing Gmpdse 4o 04
Pig foodss
Sow & Vieaner Mesdl 3e 03
Fattening Meal 248
Poul try:

Layers lisal or Pellets 5400

Po05%

0.18
1.30
2016

1,86
1.44

228

¥p0%

059
0.80
096

0,96
0463

1.29

Eachh set of figures represents the averasge
of o mmber of rabtions quoied in standard agrie
sculturel textbooks such as Wabtson and More and

Freau's Elemonts of Agricul bure.

The actusl

rations used are shown in the gppendix together
with a 1list of the NPK anelysis of a number of

comuon feedingstuff congtibtuentse.

The foods quoted are thought to be the most
important of those purchaged by the favms studied

an,ﬂ the list should cover most of the work bub the

intentlon 1s thad any specisl foods which either
do not fall divechly into one of the six compownd

cabegories/
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' eategories or which sppear to deviate widely im |
|cma&.'h:ton will be individuslly assessed. This
| should normelly be obvious from the mamufacturers’ |
figures for crude protein, fibre, ote.. If these
'diffored greatly from the average for the partiec-
tulear applicabtlon the figure for nitrogen would
:eer’eainly require to be sliered and the different |
‘raw meberisl composition of the compound might ‘
| oOuas. Wi Gt iE SR Sk pekaih SREIRE ey
!'!.6 Iivestoal,.
' The assessment of the NPK content of livesbe

‘has reised a number of problems chiefly be¢suse

Iﬁ.gnn'es for the ash analysis of complete animdls
appoar to be difficult o find in modern literature.
At least one lisgt of figures 1s avellable but 1%

was obtsined slmost = cenbury ago and the use of

more recent figures is desirsble if they exist.

A thorough search through sgrieculburel and
vobterinary literabure has howsever revealed little
of value and it hag therefore been decided to use |
the figures obtained by Lewes and Gillbert ab |
Rothamsbted (1860) for the pilot experiment ab leasl
| end if possible, revise the figures to conform %o
Imore recent findings if these are found before the
!maﬁ.n part of the research. |
i Lawes and Gilbert give the figures for nitroe

‘ sgen as percent crude protein and as in the case
iof/

|
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of crop and feedingstuff analysis the percent of
nitrogen element will be caleculated using the
:faa‘ho:? Ge28e

The information is provided in the following |

forms

Tobsl Ash. % of liveweight.
; Fats cattle {calves & oxen) 5eB = 4e0 :
| lenbg and sheep 2.5 « 3.0

! pigs 1.5
istore'a cabtle 4¢5 = Be0

| sheep 5e0 = BeB

! shah BJ7 = 540

|

[

|

The general rule is that 5B = 40% of the ash
is PO and that & = 6% s Kp0. Lewes snd Gilbers
state thab these figures sre fairly constan’t with
Id:l.ffaroni clagses of animal,

‘Totsl Crude Prosein. % of liveweight
Pab: catile (calves & oxen) 145 = 18.3
laubs mmd sheep 11,0 = 12.0

pigs 1049

| Stere enimals contein 2 - 3% more than fab
;mﬁma&a.

In order to oaleulabo"bhe actual quantities
‘of NPK in the various classes of livestock it is
necessary to form some ides of the live weigh¥s of
|an1mallp Watson and More (8the. Edit.), sppendix,
:t:blo 4, give the epproximete live weights of

 cormered.sl/
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cormerciel enimslg and from this the following
;liak of weights hag been derived. The classes of
| snimals chogen represent those commonly found on
the farms studled in the pllot experiment and the
welghts are naturally, very approximate.

Cattles small store 7001ba.

| lavge store 1,000 ibse

; Lab 1,200 iba.
cdlves 130 lbs.
cash cows 1,200 1bse

i Sheept welher laubs 80 1bss

| nature breeding ewes 150 1bae

 Pigs: wesmmers 40 1bse
fat bacon 200 lba.

The secbual figures are go vearlsble that 1% is
probebly belter to csaiculaite the weights of NPK
|par 1b. body weight for eamch class of sbock and
multiply thia by the estimated welightaz when the
enlmals are observed on the larms.

It is possible that during the researech the
sltuation will be encounbered where lend s 16t
for short periods for grazing by shsep and in this
case it 4s congidered that the best approach is to

measuwre the incrementel welght by reference to a
 eurve cbiained by plotting livewelght increase
: ageinst time. This increment could then be

' converted/
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I |
converted to NPK by using the iaformabtion given

!ma the totals expressed as a net loss to the
 systenm.

| Although growth curves are subject to conside
toreble diztortion as a reguld of a varisble
envirorment, they are generally of logarithmie
Irom end atbempite bo produce aversge growth curves
!tor the classes of livestock deelt with im the |

freaewah appes in the appendix.* Prom the results |
iabtaineﬂ. with figures from Wabson and More and

‘others it does not seem feasible to derive equations
which would give the slope at any point on the |
curve and differentiabion which would standardise

|
!tha method cannot therefore be applied with eny

‘degree of accuracy. Consequently, reference will
‘be made to the actual curves in order to estimate

!m inerease over limited periods.

[
| NPK analysis for six livestock classes.

. Fab: cattle, N ©Py0s5% K09

| celves, efce 2.40 1.41 021 |
lanbs and sheep 1.84 1.08 0,15 |
pigs 1.7 0.56 0.08

‘Stove: sattle sbo. 2.80 1.78 0,26
lambas and sheep 224 1l.22 0,18

| pigs 2,04 1.07 0.16

|
: [
| |

|

‘ The above figuves are baged on the mean of lﬁ
1imibs/
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limits set by Lawes end Gllbert for total ash,
phosphoric acid content of the ash (baken as 37.57)
and potash content (baken as B5.5%)s Store snimals
 are assumed to contain 2.57 more crude protein
then fat animals.
On the basis of the above figures the actuel

weights of nitrogen, phosphorie acid snd potash
' have been celculated for emimals representing each
i of the 'si.x ¢lesses. The liveweights of the animal?
ere a2ssumed to be ag 1n the list of 'averasge
 welghta' given earlier in this section.

| 1bs. welght of:
[

| N  PgOs K0

 Fab: cattle 1,200 lbs. 28,8 16.9 2.852
sheep 110 lbs. 2402 1.16 0.17
pigs 220 1bs. 5.85 1423 0,18

 Stove: cattle 800 ibs. 224 1442 2,08
leambs 80 1bs. 1,79 0,98 0.14
pligs 40 lbs. 0.86 0049 0.08

| Although the welghts of the animels will

‘ differ slightly from farm to farm, the above figures

- ere falrly typical of animals found on the farms
studled and they serve to illusirabe the considere|
teble quantitles of NPK contained in livestock, =
fat bullock conbaining the equivalent niitrogen of
over one hundredweight of Nitre~Chalk end & phog-

 sphorie seid/




!Raosphoria gcld equivalent of sboubt three quarbters
of a hundredweight of superphosphates

7.7 Iivestock products.

| n the type of farms studled there sre twe
fmain livestock products, milk and eggs, with a
possible third, wools Flguwres are resdily availe
':shle for the cerpositicn of milk end the eversge
of those studled 1s as followss

e B487% !
| Solids~notmfet 8+92% |
! includings Milk probeins 50307 ,
| Lactose 4.81% |
I Mineral matbter 0.72% f
Water 87.21% i
|

The average compesition of milk ssh sppears
‘%0 be as followss | !
Phosphorie acid (Ps0g) 300479

| Fotash (Ep0) 2648%

From the sbore figures the NPE somposibion of '
whole fresh milk has been calculated as followss

: Wirogon (N) 0. 547
| Phosphoric acid{PeOs) 0.22%
Posash (Ex0) 0.19%

It sppesrs from various works that the maxe
(sdmum varisbion in thege figures for milk from
heslihy cows should nob exceed 15¢ in isolabed
ienssa and will normally lie within 5 or 10%.

| 8/ |
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I% 1s felt that for the purposges of the

:preaen’u work this tolersnce 1s accepbable and the
!111159!9,1510!!. in to use the figures ag they stend
!wlthou‘s allowing any adjustment.

‘ Pigures for The composition of eggs are dlso
‘readily obbained bub these seldom give the mmalysis
of the ashs HoCaace md Widdowson give the P and |
K composiiion of fresh, whole eggs as p!mapho%zs
‘element 208 mge. por 100 ge and pobassium elamen®
|138 mge per 100 ge but there is some doubt about

whether this includes the shell. For the pwrposes

|
of the present work 1t is neecessary te include the

|ahel:'. end Pigures obtained from We Bolbon (esg '
‘ahell protein, wpublished) and 'Ths Avian Egg'
Romanoff and Romanoff, 1949 show thal the average
|

' compogibion of fregh hens egg is as followsas

Welght  Crude protbe P X
Egg shells 5 g 4.47 C.4% trace
Egg conbents 52 g 12.4% 0.287 0.14%

In order o standardise the method it 1s
necessery to convert the ligures to percentsges of
Ny, Po05, end EgO., When this 1s done the followlng

|
figures resulis
|
| b Pa03%  Xp0Z
Ege shells 0.7 0.92 negligible

Fgg contountbs 1.99 0.50 .17

Sinee/




| Since entive eggs =re sold from the fayms the
écorreet analysis has been calculated based on a
Eooa%nt to shell ratio of 10 to 1.

Anglysis of enbire eggs: |
; 1.01% ® 0,547 Py05 0s16% K20 |
: These flgures will be used to assess the NPK

!eompos!.tion of eggs produced on the farms end the

:wa:lght of an aversge ogg will be taken as 56 g. or
il-ﬂ 0%e which 1tself is the average of a number of
Ipublished 'moan welghbs? of all commercial grades
of hens eggs.

It wap stabed at the start of the section bthal
‘wool is a possible third livestock product. A
‘brief survey of the literature has mot revesled sn |
 enslysis for wool and before carrying out a further
' search for informebion it has been decided to leswe
| the wool emelysis until i¥ is actually required.
?hviwofthetypa of husbandry on the group of
farms eb Lintrose it seems unlikely thet ssles of

iml vill be encountered.

i 7.8 Slmg:.
‘ The foregoing sections from 7.l have attem‘baq.
%o sot out the NPK smalyses of all the materisls |

 commonly found in the farming systems of the abea.

 In most caszses it has been possible o aversge oub
| a number of analyticsl resulbts for a particuliar
materisl and it is hoped that by =0 doing a fair
epproximation/

§&



|
|
spproximation hag been made to the analyses of ﬁhag
actuel materials found in the field. Grephs for i
the WPK analysis of livestock gppesar in the sgppens
zdix*and vihen using these it sppears te be das:!.'rn-i
sble to use the woights of animals rather than the'
eges whenever this is possible. :
A fow exemples of the method used in the
caleulation of standard rabion analysis slso sppa-;
Sar G Vs sopaniily egether Wik & pmepwy of a1

the analybical data for ease of reference.

8.0 STUDY OF THE SOIL.

The necessity for studying the soil on the |
twelve farms chogen for the pilot experiment has |
already been expleined and it will be recslled
that the primapy object of this is to measure the
overall fertility of cach of ths farmsg, This
information will be:wrelabed o the level of self
sufficiency sud other parsmeters such as the

-

efficisncy of recovery of NPX.
8.1 Fertllity measuvement.

801l Porbility’ is a brosd concept eubraeing
an exbtremely large number of factors, many of |
which sre not fully wnderstood and many of which |
defy exact messurement. Fortunabely, erop growth
depends to a2 large exbent on the soil content of
NPE/
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‘N’I?K and since assessment of these elements is
,pfzaaible, they will be uged to provide an indicabe
gion of soil ferbility. It is felt that this
approach is acceptsble since the objeet is to

|
carry oub comparative studlies of farmg and provid-

ting similer saupling and auslybicel btechnigues are
iuaed_in every case, lhe comperisons should be
‘eﬁ‘eniﬁive.
‘ In the normal soil analysig Tigures are obtal-
! tned for pH and lime requiremend. I the 'Terb-
211ity? of the soil wmeang its ebility to grow crops
then pH ghould be considered when assessing forte
tility. However, if this 1s done, it becomes
necessary to impose limite for critical high and
low pH values snd within the working range yiglds

| Go not very greatly.

| Ioes on ignitlon andlysis is assumed Lo he

proportional to nitrogen content of the soil. This

is justified since the carbon/nitrogen ratio is

subsbantially constant for any one soll type and

' at Idintrose the scll is similar over all the fearmse
Conelderabion hes been given to the best |

| method of conbining khe imdlvidnel N,P and K fige |

sures for each farm and this has led te several '

possibilities each with 1ts own advanbages and

Al sadvantages. The mogt attraciive method
[

| eppears/
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- appeers to be a simple mulbtiplication of the

‘ figures for each of Ioss on Ignition %, potash

! eand phosphoric aeid. Tho actusl units used need
! not be the same for each of L.I.J, Py0g and K50
but should nabturally be the same for a particular
elenient on 2ll farmss This approech allcwy any
one element to becowe a limiting factor and the
offect of cech ecleneny on the final Ffigure is
linocar.

| This linesrity is probebly incorrect and
other methods of integraking the Tactors couvld be

used which would observe the correct functions and
| also provide limits. |Inbegration is not possille,
 however, since the funcbtional interrelablonships
between N,P and K are not lmown with any degree of
accuwracy and the prospect of deriving such funct-
tions from experimontal resulis is not attractive
since they are almost certain to depond upon a
wide range of soil characiteristics.

Simple mvltiplication will therefore be used |
end the resulting figuwre will be teken as au
indication of farm fertility for comparison with |
other farus in the group. The figure cawmot be
used with certalnty as a measure of sbsolute |
fertility in view of the meny modifying factors |
asgociabed with soll type, location, climate,; eiC.
but/
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bub 4t is thought to be quite suitsble for compar-
| tative work over a limited area such ag Lintrose
Egtate.

8.2 Soil sampling.

Sampling of all farms was carried oud duwring |
the winter of 1958 - 59 and wms quite straight-
forward, no gpecial problems srlsing in this pars
of the work. Separabte samples were taken for
sach field or area of ground which had been crop-

tped separabely and sach gample consisted of 18
%0 20 corings taken to a depth of aboubt 8 inches.
These were taken ab random over each sample area
giving a tobel of 113 mamples averaging 9.42 per
Lerm.

The usual precaubvions were taken to ensure
that no spplications of lime, slag or fertiliser
were made since the land wasg cropped, this meand
that some odd fields had %o be sampled rather
earlier than inbended to avold delsying the work
on the farms. Thig slight time difference is
not expected to affect the analysis and these
samples are therefore averaged with the others on
the ferms concerned.

In raspberry growing it is common practice to|
apply fertiligser to the base of the cames and the |
land between drills of'ten receives comparatively |
1ivtle fertiliser. Vhen ragpberry breaks were

being/
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being sempled the corings were therefore distrib-
tubed not only over the entire area but also over
different positions in the drills in an abbempt %o
obtaln an averags sanplo. |
| The soil sempling for the pilot experimend
was complebed early in 1959 end the resulbs were
obtained s few woeks laber from the Edinburgh and
East of Scotland College of Agriculture, Soil
Cheni gtry Department.
8.3 Sol1 emelysis resulbs.

The detailed resulbs for each sample are
| given in Appendix sﬁmd the means of the samples
| for each farm sre shown below. Figures for lime
| requirement were slso given im the soll reports
but are not reproduced since they are of no value
in thig work, they were nevertheless of greab
interest to the farmers.

w v oo OS] w o e = -

Farm No.of semples L.I.Z DpH K0 Polg

L/1 12 7.50 6.08 112  10.26
L/5 8 7.70 6.10 135 8463
g 8 8,556 6.44 162 850
L/8 12 7.75 ©6.24 184  17.90
L/o 8 8.25 6,20 95  18.10
LAAs 11 8.65 6.42 149 9400
16 © 8.30 6.59 136 8.2
L/20 8 7.10 6.30 156 9.2
L/21 9 7.38 6.15 147 8045 |
L/23/ I

A e e .
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Farm Noeof samples LeI.¥ PpH K0  Py0s

L/28 10 8.60 5.90 137 5.70
1./24 7 8,00 B5.80 121 7.85
L/25 11 8.40 6.20 167 8.17

The above figures have been averaged and the
following overall meansg obbtaineds

Be 02 6.20 142 1000

The farmers concerned were given these overall
'mean figures together with thelr own individusl
lﬂ.&ld Fopults and, suwrprisingly, they appear to
|regu-d the oversall means as the lowest degirsble
limita for their particular farms. It was explaine
ted to them that if all farmers adopted this
attitude, the means would soon rige %o levels which
were entirely uneconomic bub their latent desive

%o grow better crops than thaéir neighbours seemed |
to srouse their competltive spirit and there seems
1little doub®s that many will atbtempt to increase '
their fertility. As == example, farmer L/ is
gbove the aversge in 21l except potash and he
earnestly intends to use more potash or his low
reading fislds until this alsc 1s above the average

This/
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This experience of glving farmers figures
representing an average for the distriet along with
their own soil reports has been mentioned in some |
detall sinee 1t might be of use in advisory work.
it would gppear to be a way of encouraging fmrai
| to increase thelr fertllity, where this is desire
t¢sble, by providing them with 2 definite targetb
 and the knowledge that by exceeding thig, their
| average fertility would be sbove that for the
district,

B8e4 Discussion of goil resulis.

It has been sbated that the mein object of |
sbtudying the goil was to obtain an indication of
the relative fertility levels of the ferms.
Although this 1s true, it is also important o
kmow gomething of the effect of past rotational
policy and it is felt that soll anelysis car help
in this part of the work.

The measuvrement of the self sufficlenecy of a
farming system and comsequently the relationships |
betweeon self sufficiency and other perameters will
only be effective if the farm is operating on a
substantlally level plane of self sufficiency and
fertilitys 1In plenning the resemrch greast care
was teken to ensure that the farms chosen for the
experiment had not changed their ferming systems |
for/ i

|
|
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for a number of years and had no intention of
doing so during tho period of the research. It
will be recalled that some farms were rejeebed
because of the instability of thelr systems.

| Since an &nefficient rotation or sudden
changes in manuried policy will no doubt affeet the
soil analysis in such a way that there will be a
greater variation between flelds, it wag decided

to investigate this aspeet of the soil analyses.
Severel spproaches were considered and it was

i decided that the best method was to digplay the |
deviations from the farm means for each of LeI.%
PH, K50 snd PpOz. This hasg been done and the |
resulting grephs appesr in Appendix S:* It will be |
noted that the asmalytical results are expressed aai
| percentages of the mean and that the deviations :
are calculated by subitracting 100 giving deviate
siong of eilther sign. These are arranged in
progressive order from the lowsst to the highest
elong the horizontal axis. The broken green and
brovn lires indicate the actual percent deviation

for L.I.% and pH respectively but since this was
generally small, tho deviations have been mulibiw
:plied by a factor of 6§ in order to exaggerate the
deviations and provide a cleaver indication for

comperison with other farms. These are shown as
continuous/

*
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continuous green and brown lines for L.I.Z and pH
regpectively., Potagh and phogphoric acld curves
are plotted without exaggeration and eare shown ag
reod and blue respectively.

The curves clearly indicate which farms have
the greater overall consistency and which show
wide vearlstionz in their field to field analysiss |
Farm L/zo*shows the most even fertility over all
fields and form L/Elrshowa what is probably the
@eatés’c variation, It is interesting to note
itha.t L/20 is an arsble farm with a small erea of
' frult vhere the farmer attempits to work to a
‘deﬁnite rotetion end farm L/2L carries a deairy
Iherd and the land is either grazed or used meinly
for growing stock feed. On L/21 the rotation is
'mmch more flexible than on L/20 and this is indeed

ireﬂected in the curves.
|

Tt seems from these grsphs that the more L
livestock there ig on a farm the greater the
variation ia fertility between fields, This, }
ihowever, should not be vegarded s3 a general rule
iand is no doubt due to the rotations which hsppen
| b0 sult these particular farms. A dairy or stock |
farm operated on a definite and strict rotation |
would probably show = consigtent fertility level
over &ll fields.

8.5 Coneclusion.

In/
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In section 8,1 the question of fertility
measurement was discussed in some detaill. It was
decided that the best approach was to multiply the
mean figures for L.I.%, K,0 and Pp0g for each farm
end use the resulting numbers as fertility ind:!.ues'
for comperative work. One possible spag with this

 approach was that no allowence 1s made for the

: effects of abnormel pH and the pH figures cannot
ibe introduced inte the multiplication since the
| effect of pH on cwrop growth is obviously non-linear
in fact, a high pH may depress ydelds and produce
 trace element deficlencies. It was mentioned
however, that yields do not vary to any greab
extent over a working renge the limits of which
might be within the range 5.5 to 6.8 spproximatelys

These flgures are cliosen from some experisnce in
advisory work amnd although trouble may arise at
these pi Tigures, the low or high pi gensrally

appears to be assoclated with other factors such
a8 low phogphoric aeid, low pH on a merginal type
of soil or high organic matter, high pH vhich may
cause trace olement troubles such as manganese
deficiency in oats.

The lowest fearm of the twelve is L/Béﬁwith a
moen of pH 5.8 and the highest I.,/‘.l.ﬁtcr:l.th PH 6459,

These figures are woll within the arbitrary limits |
and/
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'and 1t is therefore assumed that no cropping Aiff-
|=erances will arise as a result of pH variations.
It is true that odd fields such as L/25/E with pH
7.0 and L/24/A with pH 5.2 exceed the limits but
these are few in number and do not justify the
ﬁntrod:uction of pH into all fertility calculations.
‘ It hag therefore beedl decided that the pH

| veriations sre not severe enough to warrsnt cone
tsideration end fertility measurement is based |
upon the product of L.I.%, K0 end Py05 analysis

| figures. Vhen this is done the results spposr es
ifollows: '
|

Parm Fertility Index
L/l 8,620
/5 8,960
L/7 11,790
| L/8 25,500
‘ L/9 14,180
| L/15 11,800
! L/16 9,160
L/20 10,250
L/21 9,180
L/23 6,720
1/24 7,600
L/25 11,460

Although these figures are based upon ectual
 sodl/
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soll characteristics it is interesting to note
that in general they reflect the opinions of

| sasual observers, mainly Department of Agriculture
steff, who lmow the farms and the farmers and who |
were agked to place the farms in what they conside

tered to be an order of merit. The disagreements
were usually the dalry and livestock farms which
the casusl observers placed higher on the scale
but this can probably be explained by the faeb
that a layge proportion of their raw material is
purchased in thefform of feedingstuffs instead of
fertiliser and a high level of fertility is not so
essential in order to provide a satisfactory |
economic return. The observers were in fact bas-
¢ing their opinions more on ecomomics than on '
fortlility.

The figures ave intended to provide a basis
for fertility comparison between farms and 1t is |
considered that in this respect they =re satise
sfactory. They will therefore be used in the

pilot research.

9,0 COLLECTION OF DATA.
| The pilot experiment was scheduled to run |
| from lst. January 195692 until lst. January 1560 '
i / -
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and during this time close contact was maintained

with the twelve farms to enable accurate records

to be kept of £ll purchases end gales. FEach farm i
was visited on an average ¢f once every fortnight i
or three woeks and at the end of the year the '
purchagses of raw materiasl and the geles of produce
- were sumsrised to simplify conversion into N, P |
- end K, ‘

In the case of livestock the mumbers purche |
sased or sold were noted together with the age
and ostimated weightae The time of purchase or
. sale was also recorded since thisg is important in
assessing the NPK increments during the animals’
stay on the farm.

Vhen noting purchages of fertiliser or feed- \
singstuff it was necessary to ohtaln ag much |
information as possible about the produet. In the
case of fertiliser, the manufacturer's name and
type code for the particulsar consignment such a8 ‘
S.A.I.; CCF Nos 1, was generdlly adequate as the ‘
NPK analysis could easily be obtained fyrom the :
- menufacturer s lists but greater care was reqturod‘
' in the ease of feedingstuffs since no NPK figures
are normelly publighed.

Although the majority of farmers appear to u;

proprietary foods of the lavrge, well lnown menuw

sfacturers quite a numbey use foods which are
compourded,/
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compounded locelly by small firms and care had to |
.~ be teken to emsure that the figures quoted for . :
talbuninoids’ closely matched the figwres for !
nitrogen in the standerd rations used in the pros-i
sent work. This, of course, is no gusrsntes thab
the figures for Pl and X0 will also umatch but
it at least confirms that the food was compounded
to serve the seame purpose amd any errors inm P205 ‘
or K-0 are not 1likely to be serious encugh te !
- materlally affect the overall resulis.

In crder to celeculate the level of self
sufficiency it 1s necessary to lnow the guantity
of dung used on the farm. The technique used was
based on the measurement of the area of catile
courts multiplied by the normal depth of dung and
the nuwmber of times the cowrt was emptied. This
gave the totel volume of dung and t.hs density was
assumed to be within the range 12 = 10 cwie per
cubie yard depending upon the degree of compacte
tion (Wetson end More)s If the dung was stored ‘
- out of doors in em uncovered hesp for amy length
of time the figure for nitwogen snelysis was
reduced within the predetermined negative toleraw
snce, the extent depending upon the time of ‘
stoveges If it had been epplied o the fields |
directly from a dalry byre for example, the
. nitrogen figure might have been increased withinm
the/



the positive tolerance.

9ol Individusl farm results.

The detailed schedules of materials and livee

(03

satock for each farm are somevhat lengthy and it is

felt that there is little point in reproducing the
full schedules in the meln texte As an example of
the method used, the full scheduls for ons of the

farms is given below, and

Schodule of materiels and livestock for a typlcal

Ifarm 51_1,425[.

dnputbs
38 ewbe _ Hitro-ghell (23«0-0) 4260 lbs,.

1286 cwbe CCF llos 2 (15.5-13.5=13.5) 14000 1lbs.
12 ewbe Nitro-chalk (15=0-0) 1345 lbss
16 cwte Fison turnip (7.5«15.0=7.5) 1792 lbs.

29 cwte Poultry mash (S5.00=2.28-1.29) 3250 1lbs.
40 cwte Beet pulp (1.42-0,18=0.59) 4480 1bs,

2 owb. Barleoy (1.60-=0.84=0.57) 224 1bs.

22 cwts Wheot (Le94-0.86=0,60) 2465 1lbs.
Ouiput:

340 cwte Barley (1.60=0.84=0.57) 338100 1bse
1400 cwtes Potatoes (0.34-0.18-0,60) 157100 1lbs.
30 cwbe Oat straw (0.32-0,18-1,50) 3360 lbs.
100 cwte Oats (1e65=0.81=0.55) 11200 1lbs.

20 ewt./




20 cwbte Barley Straw (0s53=0,15-1.30) 2240 1ba.
60 tons 8/Beet (0e18-0.10-0.47) 134500 lbs.
12480 egzgs (1.91=20.54=0,16) 1783 1lbse

- Iivestocks

4 cattle sold fat (2 mos.)

4 cattle sold fat (3 mos.)

5 ecattle sold fat (6 mos.)

4 cattle sold fat (6 mos.)

10 cattle stores from 6 cwte (O mos.)

5 cattle stores from & cwte (6 mos.)

| 50 gheep grazed for 4 months.

Dungs

196 tons normal (0e55=0e28=052) 439000 lbs.

In the above scheduyle the numbers in brackets

following the weights of fertiliger, fecdingstulf
Iand. crop rofer to the percentege of N, P and K
‘respectively. P and K are expressed as percent
!PEO5 and KsOe The time expressed in months after
!1ivestock entries dencies the number of months in

| the year of study during vhich the animels were on
the farme 7The gize of the animals either immedl=
tsately vefore or lmmodiately after the period is
Tindicated and it has veen found that this is
‘normally adequate for HPK acsessment.

942 Conyersion to welghts of NPK.

! Caleculation of the weights of NPK in the
materials is stralghtiforvard and since there are

nearly 2,000 multiplications involved, a slide rulsg

iwaa/
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|
|
‘weg usede This not only aeccelerated the work but
the use of the rvle is normaelly held to ensure &

high degree of accuracys. The results appear belows

IIPK content of materials for typical farm 1./25.

Heterisl (input) i P05 K0 |
I tro=shell 980 " . |
COF 1042 1890 1800 1800 |
113 tro=chell 216 . . |
Figon Turnip 155 269 1386 i
Povltry lash 98 74 e |
S/Best Pulp 64 8 26 |
Barley % 2 |
theat 29 21 15

3435 2264 c_2109

lMaterisl (output)

Barley 609 320 217
Potatoes 534 283 943 ‘
Oat straw i1 6 50 -
Oats 185 o1 62
Barley straw 12 3 29 |
Sugar beet 242 135 632
Bges 54 10 3

1627 848 1936

Livestock

o
i
o

4 cattle 2 moss fat
4 cattle 3 mos. fat 10

S cattle 6 mog. fatb 26 14
4 cattle/
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4 cattle 6 mos. fat 21 11 2

10 cattle 9 mos. str. 91 52 8

S5 cattle 6 mos. Btr. 32 18 3
| 50 gheep 4 moS. ﬁ ﬁ ﬁ
- Dung

196 tons norml 2415 1230 2281

The figures show the pounds weight of the

subgtanees N, Pp0z end E.0 contalned in the mater-

tiolge In the case of livesteck the welghtis
repregsent the increrment during the pevriod of stay
;on the farm.

943 Celculation of Conversion Efficicney and Self

i&xffi olencys

The totals obtalned above were used for the
calculation of conversion efficiency and level of

self sufficilency for esch of N,P amd XK,

Czleulatlon of cenversion efficlency was

|
‘baged upon the relationship:

| CoEeff = Total output of material
' Total inpus or matorial x 100

and calculation of level of self sufficlency was
carried out using the relationship:

| . Int. eire. of materiel
| Se8e? = x 100

(In'b. $ Tixte (311'0.)

The/




The reosults are as followsie

N Py0g K0
Total input 3435 2264 2109
. Total output 1842 969 1986 |
i CoBs 5347% 42.8% 92,75
| Dung anelysls 2416 1230 2281
| S¢8e 43.37 44.1% 46.2%

This gives an overall average self sufficiency|

of 44,57 and an overall average conversion sffic=
‘slency of 658%. The fortility index for this farm

is 11,450,

10,0 RESULTS OF PILOT T"XPITRIMPENT.

It will be reocelled that the objeet of the
Iexperﬁment is to investigate ths relatlonship
|'between lovel of self sulficlency, conversion
!eff:lc:".’.anc‘;r and fertility on farms off the type
!selemted for study. Flgures have been obtained

| for each Yarm in the group using the maethod oute

' :1ined above for the caleulation of B.5.7 and C.E.4

iand to obtain one overall figure for S.5.7 and
ione for CesEe? for each farm, the separate results
ifor N, Pand E have beon sveraged.

l TWhen this is done the resilts appesy aa
follows:

| Farm/
|
|
|
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! Farm Ferte Inde ATe SeSe AvVs Cole
| L/1 8620 4065 3344
L/5 8960 4142 4540
L/7 11790 4745 48.0
| L/8 25500 42,8 60.0
- L/e 14180 39.4 59,2
| /15 11600 57.2 32.1
| L/18 9160 5545 5345
. /20 10250 40.4 55,0
; /21 9180 58.8 28.5
L/23 6720 7845 32.5
L/24 7600 65.0 46.3
1./&85 11450 44.5 63.0

10.1 gﬂ-E-/SoﬁS‘__o x'elationahig.

The graph obtained whon the ebove figures for
| @olf sufficiency and conversion cfficiency are

‘plotted with self sufficlency on the horizontal

'axis sppears in the appendi:t.* This shows an OvVer=
sall decline in C.F.% with rising S.S.% and theve

' appesrs to be a pesk C.%, in the pogion of 45%. It |
'is however, somewhat ill-defined and is not quite

| ag expocted. |
i Consideration wag glven to this point and it
ibaeame obvicus that in order to achieve a felr
comparison between these perameters on dlfferent
‘i‘arms, as many other factors as possible would
irecmira/

| *
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require to be equal.
. A1l farms in tho group are situated on similer
soll type, experience similar climatic conditions i
‘and ere capable of growing, end in fact do grow, |
gimilar crops. A number of basiec factors ere thua
‘common to all farms and indeed it willl be recalled ‘
‘that the farms were chosen with this in mind.

Tt has been shown thet there is a considersble

variation in scil fertility from farm to farm and
in order to discover the relationship between self ‘
sufficiency and fertility, a graph*was dravn with |
fertility index on the horizontal axis. This
clearly shows a tendency towards a logarithmic fall
in self sufficiency with rising fortility and is ‘
'in fact mach as expected.
! S8ince the level of self sufficiency on any
Ifarm is largely governed by the stocking poliey |
which is in turn based upon one or more of a mm:hez’{
of factors such as economics, the type of farming
 cormon in the district or the farmer's personal

' preference, soll fertility is probably more the

result than the cause of a certaln level of self
gufficlency. |[HNevertheless, the logarithmic rele
‘ tationship does in fact exist and if the effects
‘of different fertility levels are to be eliminated
iit will be necessary to adjust the figuregs for seolf
sufficlency.

Some/
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| the difference bebtween the curve and the mean self

Some thought has been given to various methods
of dealing with the problem end it has been decided
that the most satisfactory approach is to drew a
horizontel line on the S.8. v F.l. grsph*at the |

|
point on the vertlcel axis corresponding to the overs

sall average self sufficiency and measuve the peraenti
difference on the verticel scale between this line |
end the logerithmic curve at sach fertility level.

Thus at low levels of fertility the self sufficisncy
is higher than aversge by an amount corresponding to

sufficiency and at high levels of fertility the
reverse is the cases It follows that the correction |
factor would be subtracted from the figure for self |
sufficlency if the farm had a low fertility index

and vice versa.

It is obvious that scil fertility must have an
effect upon the efficiency with which the farm
converts purchased NPK into salesble produce and in
order to compare conversion efficiency with self
sufficlency, the conversion efiiclency figures must
be compensated for the effect of fertilitye. This has
been achieved using a similar method to that used for
self sufficlenecy correction and the curve showing
CeEe® v Fort. Index sppears in the appendﬂ.x.T

This graph is not clearly defined es a linear
rise in C.E.Z with rising fertility as it stands

but/
*—
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but by integrating with a mechanical planimeter type
integretor, the nesrly linsar rise became spparent.
Correction factors for C.E.% were obbained from this
graph using the same method as described for S.8.%
correction factors and results for both S.S.%7 and
Cele? ore tabulated below.

Farm  Se8e. Corrn. True S.8. C.Eeo corrn. True (8

L/1 - 8.0 52.5 # 3.0 41.4
L/5 - 8.0 35.2 ¢ 2,6 47.5
L/7 ¢ 5.0 52.5 - 1.0 48,0
L/8 *15.0 57.8 =17, 0 3340
L/9 + 940 48.4 = 3.5 R
L/18  « 440 61.2 - 1.0 Bl.l
L/16 = 5.0 50.5 e 2.0 55.5
L/20 0 40.4 * 1.0 56.0
/21 - 5.0 53.8 ® 2.0 26.5
L/23  «22.0 56.5 ¢ 5.0 37.5
/24 »14.0 51.0 @ 3.5 49.8
L/25 ¢ 3.5 48.0 0 63.0

Overall average S.S. = 50.9 (uncorrected)
Overall aversge C.E. m 45.8 (uncorrected)

10.2 Corrected C,.E./corrected S.2, relationghip.

The greph of corrected C.%. v corrected S.S.
appears in the appendix*and is roughly bell-ghaped
with a slight positive skew. In the early stages of
the/

o>
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the work it was expeeted that this type of graph |
might result and that the conversion efficiency
would peak at a cerbain level of self sufficlency. ‘
This pesak appesrs to occur between sbout 45 and 507
| self sufficiency and it is spproximately at this
point in the self sufficiency scale that the overall
average figure of 50.2 lies.

It is unfortunete thet no fayrms had corrscted
self suffliciency measurements within the range 42 to
487 ag there is insuffiecient informetion in this

section of the graph to clearly define the psak. The
broken section wag dveawn to link the point having
co~ordinates C.H. 867 and S.8.23%. These figures
were obtained from a ferm which was earlier consid-
sered to have wrelilable records and was therefore
sbandoned from the experiment. It appesred that the
farmer had been selling dung and produce which were
not disclogeds In calculating the CsE. and S.8. the
lfarmm' 's figures were slightly altered to provide
what was considered to be a more probable picture of
the actuel farming activities gver the year and the
resulting point on the graph is therefore unrelisble.
Nevertheless, it ls apparent that even if the point
is allowed considerable latitude on either sxis it
atill indicates that the C.E. falls in the reglon of
307 SeSe and it 1s therefore felt that the result
from this farm may have some significanes, this 1s

the /




the reason for its inclusion.

10.3 Sumery of Pilot Research. j

There were sgeverel reasons for carryling out a2
pllot experiment before starting the main work and :!.ti
is felt that the mein objects have been achieved.
The techniques used to colleet information appear to '
have worked well and no real difficulties have been |
experienced in persusding the fermers to provide
comprehensive details of their activities. The dote
sailed records which were obteined at regulsr inter-
tvais during the year were compared with the entries 1
in the feormers'books »md at the end of the period and|
this served ss a useful check on the movement of |
1ivestock and materials.

The enalyticdl informastion concerning the state

of the soil fertility was adequate and has enabled |
|
[
|

useful figures for overall farm fertility te be
obtained. The graphs*mm appear in the sppendix r
showing the range of anselyses from field to field on '-
each farm are of doubiful value and it is not tho t{
necess=ry to repeat these in the main experiment, m'
the otheyr hend, some additional information concern=
ting the mechanical analysis of the soil would be
interesting and arrangements are being made to obtain
further details from the Macaulay Institute, Soll
Survey Department, (Dr. Glentworth).

Ths method used to convert the weights of materw
tials to/
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|
|to the N,P and K equivalents 1s considered to be
satisfactory and it is proposed to use virtually the

Tivestock has boen assessed as an oubput to the

|
|

|
|
gsame 1list of standard analyses for subsequent work. ‘
i
|
|
|

system as regards NPK since NPK contained in purchasge
| sed animals does not find its way through the soil
!with the possible exception of the WPK in the contan‘bla
|oi' the alimentary canel which is negligible. The |
original reasons for adopting this method heve alread?
| been expleined and there is no new reascn for meking
| any changess this method will therefore be repesated.
}. A further object of the pilot research was %o

| test the thesis that the conversion efficisncy would
peak at a certaln level of sgelf sufficiency and this
hasg in fact been demonstreted on Lintrose Hsiate.

The point at whieh this pesk oceurs is expected to

vary with certain factors such ss location, climate
snd soll type amnd although this has not yst been
tested, the indicatlons are that a variation will
oceoure

The pilot research has been oxtremely valusble
and as a result the way 1s now clear for carrying out
the main work using technigues which have bheen
successfully tested and are therefore established as
baing suitable for the type of work in hand.

11,0 MAIN RESEARCH./




|

11.0 MIN R-E.s'EARcﬁo

It has been shown in 10.3 that suitable technlige
sues for recording and interpreting farming activities
have been esteblished and it iz proposed to use these
in the main part of the ressarch. It is intended,
however, Go examine certaln detalls, particulearly of
the anslytical data, to discover 1f more recent
figures are avellable for the ansglysis of cerbtaln

itemge It will De recalled that the figures for lives
¢stock composition were besed on amalyses carried cut
by Lewes and Gllbert ot Rothamgted about 100 years
ago and althouch there is mo reason to doubt the
accuracy of these resulte or to suppose that ths
enalysis of the presemnt day type of carcase, which
hag chenged slightly in conformation, differs in any
gignificant measgure, 1t is thought desirable to
intensify the search for a more recent amalysis of
faprm animals.

The main research will alsc vequire to demonste
srate, if possible, the effect of location and soil
type upon the CeE./S.S5. relationship and it will be
interesting to examine the data obbtained feom the
farms with a view to identifying any other measurable
factors which influence conversion efficiency in a
predictable manner. This may, {or example, be
found in the ratio of NPK purchased as feedingstulf
to NUPK purchased as fertilliser or in the different
proportions/
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proportions of c¢lay fraction in the scils of differ

| tent farms.

!11.1 Mein Regeapeh Plan.

In order to demonstrate the differential effects
of soils upon the C.X./S.8. relationship it is
obvious that a number of farms must be studled which
show a congidersble varlation in so0il type and o
convenient way of dolmg this is to choose several
groups of fayms on scil types renging from heavy elay
Lo the lightest soil found im the swrea of study. 1t
must be borne in mind, howsver, that time and rese
tources ere 1limited and wheveas there are advantages
in studying large nuwbers of farms, the work must be
restricted Lo such proportions as will aliow detailed
study of each unit. This restrictioa is inevitable
but it need not impalr the value of the werk to any
great extent if the farms are chosen with care and

accvrate racording is possible.

in one area and irom experience of time and work
invpived in the collection of dats, vepftition of the
experiment uging the same number of farmg on each of
2 number of different sreas would involve e excess=-
sive amount of works such an exeess in fact, that
eccuraey would undoubtedly suffer. This 1s %o be
gvoided ot all costs and it apposars that the totel
nmber of ferms shovld not emceed 15 or 16.

i/

In the pilot experiment twelve farms weore atudiei
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If four soil types are studied there will there=
| :fore be four farms in each group and if three soil |
types are studied there will be five or possibly six |

| farms in each groups The object of the work is to |
| demonstrate the effect of soil type on the C.F./%.S.
1‘relationahip end the implication is that the level |
of gelf sufficiency at which the peek conversion '
efficiency ovcurs will vary in accordance with the
soil type. Thisg meens that 1t is desirable to have
as large a mumber of farms as possible in each group i
in order to define the curve. |
11.2 Choicé of Groups.

The actual number of groups depends upon the
range of soll types which is studied and since it is
desirable to keep the number of farms in each group
a8 high a3 possible, a compromise must obviously be
reachod,

A gtudy of the soil types in the Southeran part
of Scotland shows a very large number of variations.
However, these =re based upon different combinations
of a considerable number of soll characteristiecs
many of which are relatively unimportant in this worlk.
For verious Yeasons vhieh will be discussed in greatw
tor detail in a later section dealing specificelly
with solls, it has bedn decided that a useful indicat:
slon of the effect of soil type will be obtalned by

studying groups of ferms on three soll types. There
wiil/




will therefore be three groups each compcsed of five

farms making a total of fifteen ferms studied in the |

main experiment. The selesction of the actual sites l

is discussed in the section dealing with solls.

11.3 Preliminery Work. |
In genersl, the plan for the main experimeng is |

well defined being a virtusl repitition of the work |

cerried out in the pilot experiment. There are,
however, certain minor alterations required in tech-
snigue such as those already outlined for dealing _
with different soll types and it is also desirsgble *bot
revige the analytlceal dats if this 1s possible.

It hag therefore been declded to repeal not only
the basic experimental method of the pilot research
but slso to expend the review of literature and the
study of the soil to emsure that only the most recent
end reliable information is used in the main part of

the worke

12,0 SECOND REVIEW OF LITERATURE.

Before proceeding with the details of the main
experiment 1t is desirsble to extend the original
review of literature %o discover if there sghould be
eny revisions, particularly in the snalyticel datsa
which was used for the pilot experiment. The review
should/




should also revesl recent research in this particular
field, if any, and it should therefore be of some
value at this stage in the work.

12.1 NPK snelysis of ILivestock.

The figures used in the pllot experiment were
obtained from work carried out by Lawes and Gilbert
end while there is no reasorn to doubt thelr accuracy
some form of check is naburslly desirable. During
the first review of literature no other figures were
found end 1t was necessary to use the Lawes and
Gilbert figures ss they stood. Reading has sgince
been carried out with the object of reviging these
figureg if necessary, in the llight of more receant
analysess

Some references were obtained from ‘'Nutrition
Abstracts and Reviews! No. 28 1988 (R.D.V.C.}, in
particular, Duncan pp. 695716 quotes figures for
Ca and P in cattle of different ages and typs.
Examples ares

| Ca P
Dailry celves 9 « 10 weeks 1350g. 740z
Beef calves S mos. 11.08ge 880z,
Dalry calves © mose. T82-1508gs  440-8372

Beof celves B mos. 1500-1899gs 683-1118g.
Dalry hirs. 25-35 yrse 4513-7350g. 2252+3821g.
Steers 40-48 moa. B302-8073gs 3376=4327g,
8tCe otCee
Other/
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Other references were:

Hogan and Niermen 1987 Miss. Age FExps Sta. Bull.
Noe LO7. ';
Moulton et al. 1922 Miss. Age Exp. Stas Bulle |
No. 58, .
Ellenberger et gl. 1936 J. Dalry Sel. 19. 444 Proct
and 1950 Vie Age Expe Stae Bull. |

Nos 558e

The figures quoted for P show a ceongiderable
range in the older animals and calculatlion has
revealed that, in most cases, this range includes thse
Lawes and Gilbert figures for P Thus it is concluded
thet the Rothamsted figures sppear to be approximaote
tely correect for the P content of eattle im the light
of falrly recent work (1958),

Figures have been seen for The P and K content
of plgs and sheep (Meat Technology: The scisnce of
moat and meat products) but the figures were not
given for the entire body, only parts such as bone,
muscle tissue, viscers, skinghair, elcss An sttempt
was made to arrive at figures for the entire body
based on the proportions of the different parts butb
although the results were of the same order as those
of Lewes and Gilbert, it was consgidered that the
method of obtaining them was somewhat indirect and
therefore the figures were uvnrelieblee.

No direct references to the N content of live=-
sstock have/




have been scen although figures for the protein
content of tissues end organs are readily avallsble _
from a number of sources. It appears, in fact, that |
recent reseapch is almost slways concerned with more |
detalled work and tthat am oversll analysis of the |
animal, being of = gemnerel nature, is seldom if ever
required. .

A consldersble number of references were studied
during this review and no NPK anslyses of entire '
enimals were found. Referencea to the composition |
of organs end parts of the body are quite common An
the literature but ere of little or no value in this
work. The conclusion is therefore that the figures
guoted by Laweg and Gilbert sre probably the only
enalyses of entire animals which are suitsgble for use
in this work and it is felt thet they should be used
in the following oxperiments.

12.2 fnalysis of Soils.

The review of literatwre was extended to cover
solls and the particular intereat was in the mechan-
sical anelysis of @oilg in the srea of study.
Reference was maede to the soll survey being carried
out by the Macaulay Ingtitute for Soill Research and
great help has been received from Dr. Glentworth and
his steff,

It appears from work carried out by the Institute
end by other bodles such as the West of Seotland
College/
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College of Agriculture that a sufficiently wide ra'ags!
of s0il types exists in the South of Scotland bto
provide opportunity for research on so0il varying from

| a heavy clay to 8 light send. It also sppears that
the ratio of clay to sand is likely to iniluence the

C.Ee/S.Se curve more then amy other single soll l
chavacteristic and the results should be interesting
end possibly useful to those whose jJob it is to pian
the future of the smell fearme

The method of soll sampling end analysis for pH
|LeIe, PgOp and KgO is quite stendard snd there is no
ireason for any changes vo be madse No sgpecizl study
of this part of the work has therefore been carried
oube

12.3 fnglysls of materials.
It will be remembered that the anelytical data

for materials such as feedingstuffs and crops was
',obtained largely irom Wabtson and liore and from Fresmd
"Hlements of Agriculturef. Although these sre both
stenderd works end the figures will ne doubt be _
thoroughly relisble, 1t was decided %o check them ]
sgeinst anelyses from other sources if these could be
found.

L The !Scottish Swrveyor's Year Book amd Diary!
1961 gives a table (p. 283) showing the compensation
for the residual value of feedingstuffs and this

table quotes average N, P,05 end Kp0 analyses for 37
dif;':‘erent/
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|
 different materlsels. The figures have been checked

; ageinst those derived from Fream and Watson and lore _|
 end although practically every anelysis is different
the variation is generally small. Anr attempt was
mede te discover the sdurce of the figures but withe |
sout success and their relisbility is therefore in

some doubt sinece surveyors are generally more concerns

ted with the compensation value per ton of food
consumed. The NPK analyses ere in faet inecidental

}
|and it may well be that no great effort has besn made

.;to ensure a high degree of accuracy.
| Some thought was glven to the possibility of
averaging the twn sets of figures but it is felt that
owing to the degree of uncertainty sbout the survey-
sor?s figures 1t would be more satisfactory to leave
the exisgting figures vnaltered.

Further reading vevesled nothing with a higher

|dagree of authentlcity then the source of the existing
enelyses snd it hes therefore been deecided to use |
these ss they stend for the celeulation of the NPE |
‘eontent of feedingstuffs and crops. The NPK content ‘
|
|'
|
|

of fertilisers iz lega of a problem and is easily
calculated using the manufacturer's statement of
percentages, no revigion is therefowe required in
thisg part of the work.
12.4 Summary of Second Review of Literature.

The/




The object of the second review of literature |
was to ensure that mothing hed been overlooked in ﬁho;
(originsl review which might be of benefit to the
|resesrch and it was a further object that the data
obtained from the first review ghould be revised in
the light of recent work which would not be publighed
at that time. |

It 1s felt that both these objectives have been
fulfilled end the weay is now clear to procecd with

|
the main experimental programme. " ‘
|
|
|

13.0 CHOICE OF SITES.
The generel reoguirements willl already be apparent

from previous sections but summarlsing briefly, they

i
ere that groups of farms on a range of goil types

should be studied in order to discover the effect of |
soil type on the C.F./S.S. relationship. The soils
should renge from a light semdy type to a heavy clw.'
) The research 1s concerned with small ferms es
'defined in section 1.1 and it appesrs Pom: Abe pilot |
experiment that there sghould be sbout five farme in
a groupe. It is further apparent from the pilot
experiment that there is s maximum murber of forms
which 1t is desirsble to study from the point of view
ot/
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of the availsble time and resources, this number
appears to be in the region of 15, From these facts

| three groups of five fearms each is the obvious choiaei
|end with this in mind s search was started for suit- |
teble sites.

There are a number of advantages in studying
smell farms on Department of Agriculture estates the
most important belng that the tenents are more
accustomed to officlel ectlvity in the form of stabe
:lstical surveys, visits from goverument officers and
80 one For this reason they are more receptive, or
less antegonistie, to the type of co-operation
reguired in this worke A sesrch was therefore carried
out smongst the Department of Agriculture estates to
discover firstly, 1f any estates were sltuated on
substantlally different golil types. Corrsct soll type
is probably the most important fequirement at this
stege but it is also necessary to eansure that the
farms are suitable for study and in this pyespect the
genersl requirements are gimilar to those outlined
while planning the pilot experiment (5:3)e

Since three groups seems to be the moast convene |
tlent number, it is logical to arrange the experiment
so that one is situated on a sandy soil, one on a
medivm loam and one on a heavy clay, this should
provide the required range. A falrly large proportien
of the estates were situated on the 'medium Ifem' type
of soil and several were situated near the coast on

1ight/




light, sendy solls but it proved virtually impossible
to find a Department estate of msmell farms on heavy
clay slthough there are a few smallholdings of 6 = 10
acres on this type of soill. The following three
sections will deal with the actual selection on sandy

80ll, cley =oil and medium lomu resgpectively.
13.1 Sendy Soil.

DelsFoeSe ogtates on 1light sandy soil are to be
found in the counties of Kincerdineshire, Fife and
‘Wigtomahire end further investigation showed thatq
| the Kineerdineshire and Fife estates are compoged
‘mainly of smdallholdings with acreages ranging up to
‘ gbout 15 or 20. This left Wigtownshire as a possible

Iaite gince the eatate sppesred to be very lergely
imade up of small farms., A vipit to the estate

‘eonﬁ.mad the soil type snd size of farms as being |
| suitable for the work im hend but the time and |

|expenso involved in meking frequent visits to the -

area eppesred to be a drawback. DNevertheless, a few
farmers were approached sbout the possibility of
carrying out the work smd not only did they show
great interest but the impression was formed that in
most cases they were quite capabls of carrying out
the greater part of the recording themselves. This
meant that visits could be made at less frequent

|.
intervals and it was decided that subject to a more |

detalled investigation of the soil being satisfaciory
a/
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‘& group of five farms on this estate (Dunragit)
should be chosen for the experiment on light land.

A few farms were selected almost at rendom from
those vhich were thought to be sulteble in other respe
|sects and the landcon each farm was examined by takinq
samples down tp plough depth and noting the physicel

eppeerance of the soll particles. This preliminery
‘test was done in almost every field and it was ap’psr-i
tent that in fact the soll had a sandy btexture over |
‘the entire area. One exception was noted where the
field was situated on land which had obviously been a
peat bog and the soll was deark coloured and peaty |
with 1little evidence of sand content. This, however,
wWas am exception and in genersl, the soil over the
estate eppeared to be suiteble for the experiment.
The Macsulsy Institute was sgain congulted and
was able to give the following imformation on the
80il in that particular srea.
Depth * fsend Zsilt Zolay 'LeIe% Oellef C/No
2 - 6 8645 5,60 7,10 2.77 2.00 16.81
12 - 16 97.0 2.40 nil Q.62 0.10 5.80 ,
20 - 25 92,9 6,60 nil 1,47 - _
end from smother pit im the areas=
2«8 68.83 10.1 17.2 9.10 (35.57% ecrbon)
12 « 20 7S.5 8,00 15.3 ©6.70 (1.96% earbon)
2B » 30 BBe2 2,90 6,10 2,83 e -
Advice wag given that the first set of resulis

is/ |
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is more typiecal of the area and it will be seen that
\there is epproximately 907 sand down to normsl plough
depthe. It is therefore conecluded that the so0il on
this estate 18 suitable for the experiment and the
choice of individusgl farms is discussed in section l4.
13.2 Cley Soil.

It has already been stated that a search through
the 1ist of D.A.F.S. estates has shown that no suite |
sgble groups of farms can be found on ¢lay soil. This |
moent that 1t was necessary to consider studying
other feyms which were privately owned and in order
to slmplifyy the seerch to some extent it was decided
'to look through the DsA.F.S. records of Smell Farmer's
Schemes in sreas where clay land occurs. The obviocus
cholece was the Cerse of Stirling and a visit to the
Dopartment office in Stirling resulted in the discove
sery of a considersble muber of Small Farmer's

Schemes in progress on cerse land. The faet that |
the wnits were eligible for the Scheme was an indiaa.t-l
tion that they were true amall farms and that the
cccupiers were actively farming the land. In this
regard it is worth recording that a falr number of
cccuplers of small farms find outside work amd abbeme
tpt to run theiy farms on a pert time basis.

The method of assessing the siutabllity of the
soll already described in the previous section (13.1)
Lu repeated and visuel ingpection left no doubt that
the /
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the land had a high percentage of clay and silt. It |
is importent to note, however, that certain farms had
patehes of mossy soll and although these were usuaelly |
of limited extent, it was consiflered important to |

avold mossy or peaty eress. These areas were partice

| sulerly obvious neay the edge of the carse and

|
,;;pramma'bly the method used to cleasr the peat from tho:
|lend when it was reclaimed affected the extent of the
!paat removel. It seems that the peat was cut emd
csrted or carried to the river (Forth) vhere it was

dumped and ellowed to float down to the sea, Thus

the efficiency of peat removal would probably be |
greatesh near the river where transgport of the large l
quantities of materisl was somewhat essisr. The |
river of the present day is not particularly wide at
this pert but it may well have been much lerger at
the time of recleamation. AL one time there must have
been = considereble depth of water over the cerse amd
the 25" 0.8, mep shows a spot where the skeleton of &
whele was found,.
| The survey staff of the Macaulay Institute had
recently covered this area and a typical mechanical
endlysis sppears below.

Depth” 7sand %ellt Zolay L.I.% O.Me% C/N

2 -8 8,00 43.2 48.8 13.0 9,49 15.6
10 = 15 3.80 34.3 61l.9 5.28 1,33 10.9
28 - 27 6.20 35,7 5B8.1 B5.18 - =

Thlg/




This shows a very high clay and silt content
down to cultivation depth and very little sand, The

land 1s well drained mainly by an organised system of
|ditches with tile or stone laterals and the carse
appesrs to be the idesl gite for am experiment on a
clay soil.

13,3 ledivm Toem type of Soll.

The research is being conducted on three soil
types end so far, 2o light sandy type of soil snd a
hegvy clzy have bsen chosen. It is logical that the
third soil type should be approximately intermediate
betwoen these two extremes end the requirement is

I;thts for a high quelity medivm loems It will be
%reea:l.led that the pllot experiment was carried out onm
just such = soll snd consideration has therefore been
given toc using the seme site. There sre no apparent
objectiong to this unless it is considered thalfthe
same farms should not be studied for s second year.
It would be slmost essentiszl to do this since the
twelve farms chosen for the pilot experiment are
sbout the only sultzble farms on the estaite.

Scme thought has been given to this point and
|the:'e does not appesr to be any reason for choosing
different farms, The farms were all quite sulteble
for the work and experience has slready been gained
with the recording of data on these units. This

would be some adventage and it should be possible to
persuade/
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persuade the farmers to give considerable assistance
in this part of the work by keeping the detailed,

day to day records themselves. It would also be |
Iintoreating to obgerve the variation in characterise
ttice such asg level of self suffieiency and convea.'sior;}
efficiency for the different materisls N, PpOs and |

Ky 0 from year to year on the same faprm.
The Macaulay Institute was aspproached with regard
to figures for the mechanical emnalysis of soll on
Iintrose ostate, This area has also been =oil-suwrve=-
syod and s typical analysis appears belows
Depth” @samnd %silt ZDelay L.I.% 0.M.Z C/N
1= 4 68,1 11.9 17.56 4.94 S.15 12.8
13 « 16 69,8 11l.3 16.2 3.70 1.76 1l.2
186 = 17 62,1 18.4 22.6 2,95 .66 6.9

This analysis was carried out on samples teken

[lf.‘rm a pit on one of the ferms studidd in the pilot

!oxperiment end it shows a mechanical analysis approx=
simately intermediate between the analyses for the
sand and elay soils. Iintrose is thereifore a
satisfactory site for the experiment from the point
of view of soil type.

lls.é Finel Selection of Sites.

| Having chosen three sites which are suitsble for

‘the work on the basis of their soil cheracteristics,

it is necessary to explore other factors before
making the final selection.
The /
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The most doubtful site is at Lintrose where theré
mey be objection to using the same farms for a second
yeayr but the reasons are not obvious and apart from

this the gite is quite satisfactory. It is therefore
intended to proeceed with the experiment in the meane

ttime. VWhen planning the pilot experiment some care
was taeken to ensure that the farms studied were

typicel smell farms with a balanced system of farmings

Por example, 1t was necessary to avoid highly apecial-l'r
sised units with large numbers of pigs or poulitry or |
with intensive market gerdens slthough no objeections
were raised with regard to a liumited acresge of raspe

sberrioes since the growing of this crop is common

practice in the district sround Coupar Anguse

ll The farms on Dunragit estete are mostly operated
\with a deiry or stock reering enterprise as the mein
}ffeature and on the Carse of Stirling the emphasis is
lon stock vearing end fattoning together with the
%production of timothy hay. The type of husbandry on
immroae estate has already been described and it w.ll:l
*lbe recalled that it variss from dairying, through
§Mad arable and livestock rearing to intensive
%marke‘b gavrden produstion.

.! At fivst sight it secems loglesl thet the fifteen
;farma should all bave a similar type of farming but
Esinca the s0il type is so different it is virtuslly
%massi‘ble to find similar farms in all three areas.
iﬁowavsr/
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However, the type of development on Dunregit and the
Carse of Stirling 1s broadly similar in the gense that
there 1s emphagls on livestock in both cases and it
‘shauld be possible to choose farms on Iintrose estate
with congidereble emphasisg on livestock. This would
ensure that self sufficiency measurements were all

within the same spproximate range but it must be

remembered that the object iz to discover the level
of self sufficiency at which maximum conversion

|

efficiency ceccurs and 1t would seem more importent
to chooge farms vhich appesr to have 2z high converse

sion efficiency for the particuler area. By choosing
ifarms on this basis, the pesk in the C.E./3.5. curve
| should be reasonsbly well defimed with the five
measurements, In other words, the farms chosen for
study should be well mamaged end should have properly
integrated livestock and cropping programucse
13.5 Choice of Farmse

Having decided upon the sites tho next task was
to chooge five farms on eache Bearing in mind ths
considerations outlined in the prévious section, o
muzeber of ferms was vigited on each site and the
firal choice was based upor such factors =s spparent
efficiency, correct type of development, personsl
guslities of the farmer, etces The gpproach was
similar to that used for the pilot experiment and
described in section 5.3,

The/
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Dunregit BEstate, Wigbtownshire.

Corge of Stirling.



The photogrsphs (35 m.m. Kodacolor) represent an
attempt to 1llustrate the different qualities of the |
three sites and the approximate geographical locations
of the sites are shown on the attached skotch mape
The picture of Dunragit, Wigtownshlire was teken fronm
the nobtheoagt corner of Luce Bay looking wesi-noPthe
west across the top of the bay towards the @éstate of
Dunragit which can bes ssen in the distance. The
topography conslsts mainly of sand dunes and three of
the farms chosen for study heve fields which run down
to the dunes. The scil is thus very sandy and the
elevation of all ferms except one is vmder 50 feet
2e8s1lee Since this estete is on the rorth shore of
Iuce Bay, the aversage sspect ig slightly towards the
south but on three of the ferms the land is substant-
tially levels

The puotograph taken on the Carse of Stirliing is
intended to show the typlcal clay and the very flat
nature of the carse., The colour of the soll is, in
fact, very similar to that shown in the plcture when
viewed in daylight and the flat land can be seen
oextending to the edge of the carse wheore the lend

starts to rise to the hills around Doune and Aberfoyla.

In the distance there ars a few typical shtacks or
lests' of timothy heay, one of the mein produets of
this area. The photograph was taken on cone of the

ferms/
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Iintrose Estate, Coupsr Angus, Perihshive.



farms studied and the farm in the distance is enother,

A view looking north across Lintrose estate is
shown in the third plcture and the intention was to
depict a distriect of high quality soll, ecapable of |
growlng all the usual arable crops and where liveatocl%
consists mainly of fattening cattls. The white house
in the distance is the dwellinghouse of farm L/8 and
the other farms studied in the pilot experiment lie
to the left and right and beyond this point.

14,0 SOIL SAMPLING. |

Soil sampling was carried out during the winter
of 1959 = 1960 =nd as in the pilot experiment separate
samples were taken for each field or ares of grouand
which had been cropped separately and each sample
consisted of 15 to 20 corings taken to a depth of 8
or 9 inches. The usual precaublons were taken to
avoid contamination of the samples with recently
applied lime or fertiliser and apart from this there
were no gpeclel probleomse. |

Sampling was completed early in 1960 and the
results were obtained in due course from the soil
chemistry department of the Edinburgh School of
Agriculture. Consideration was given to carrying out
the analysis as part of the research programms but
there/
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thore are considevable adventages in using the
sdvisory faellities provided by the Colleges end
enalysis was therefore carpried out by the s0ll cheme
tiatry deperiment of the Bdinburgh School of Agpicule
stures This approach onsures standard technicue and
consequently a higher degree of acouracy.
14.1 Dunvacit soil resgultag,

The resulis of anslyslz of serples taken at the
Tunpa@lt farms are ns followss:

moae e e D e W w W o=

FPam fo. of samples Lelef pH K0  Py0p

p/i 8 7.2 B 129 15
D/2 11 Be2 5.4 225 7
D/3 ) 8.1 B.8 218 8
8/L ) 7.9 B.7 253 7
2/6 9 844 5,8 195 9

I% hes been declded thet there &= 1ittle to be
geined from grephiesl digplay of the field te fleld
varietion in individuel persmetorg and congoquenily
the type of graph used in the pilot experimesnt to
gtudy the effectivemess of past rotationel policy in
meinteining uniform fertility has not been drawm.
However, the individual fiold anclyses apposr inm ihe
aypmd&x*m from these it will be seen that fearm DAL
bag vhat s probebly the most consistent andlysise It
ig interesting to note that it elso has the lowest
level/

* ap 226-231
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level of fertility in the group.

The LeIsf 42 somevhat higher than expected for
this type of sandy soil but is probably explained by
the fact that there i a consideradle emphasic on
rotational gress and practically every grain cvop is
undersovm. The pH is muich ag oxpected and is remerke
sably eonstent over the five faymss FPotash and
phogphoric acld resulta show that there is an adequate
mepuring policy and the phosphoric asid content
elthough not high is sufficiont for the type of cropw
sping in the wmres.

The results of soil analysis of saplsea from the
Carse farms wre as followas

s
e lack A

w 0w e DAY w e w o @ =

Pexrm loe. of saples L.I.& pH E,0 Ppls

cAA 10 0.8 8.9 226 4
c/2 iz 8+0 6.6 221 9
¢/3 8 7.6 6.8 189 &
c/4 9 7.7 6.2 168 7
c/5 8 748 6.0 194 6

Cosparing the figures with those for Dunraglt
the Lele7 and K0 ere roughly similer but the Carse
farms have a slightly lower Pplp comtent and a highey
pHe The lower phosphoriec acld is to be empected
but ome usually essociates =01l which has been
underlying peat with acid comditionss A possible

mlmmen/ *Bppc.-udl:t.' 4/’6) ?‘»‘ 234-23?
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explanabion is thet there has beon & regular liming
poliey sinee the lend was reclaimed and mother wight
be thet the perticular collolidal content exerts a

buffering action in the vegion of pH Ce
¥*
1

The yesults of endlyses of saples talten fyon
the five farme on Linirose estate vhich wera selocted
for tho main regeareh ore as follows:

- oo e ow LIBBI @ @ w w o
Parim  Noe of samples ILelef pH  Bpo P

L/ 8 8.8 6.2 104 18
L/i6 9 Gad 6.5 137 8
L/20 & 7sl 6.5 163 10
L/24 7 8.1 5.9 138 @
1/25 3 Eed 6.2 177

Comparing these figures with those cbtained from
the same farms one yoar esrlicy there hsg been, on
balaneo, a slight rise bubt this is s0 muell as to be
reletively insignifiemnbte It wasg expected that
similer figures wonld be obteined and in fact conpide
toration wag given to using the criginal resulis butb
sines sampling was being csrried out ol Dunragit md
the Csrse of Stirling it waea thought desirsble o
savple Iintrose at the same Gims.

The figures for Ioss on Ignition and pH are
slzilar to those cbleined from the other two sites
but/ .

Appediv: #(c). 7.3 235- 2438,
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but the figwres for potash are generally below the
fipuwres for the othey two growps. This was not
expected in view of tho differonces in soil type and
the faot that Idntross soil ig conaldered teo be more
fertile but 1t can probably be explained, at least to
somo extent, by the fact that the Mumreglt farmers
favouy more Ifrequant spplications of fertiliser in
smell cuantities to reduce lesching lossses and thus
neintein o velatively higher level of =vsileble HPK.
Although this does not apply on the Carse, the clay
hes a neburally higher potasgh roserve.

The method described and used im the pilot
regsearch hag been yepsated to celoulate the fertility
indiees of the fifteen farmes now studieds It will be
recalled that thig enteils simple multiplication of
the mean figupes for loss on ignition, pobtash and
phogphorie seid for eech fayme. Vhen thig ie donme

the results are =8 followes

uaragits
Ferm Fertility Index
DA 18,074
/R 12,900
/3 13,756
B/3 13,990
P/8 14,740

éu-so/
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Corae of Stlrling:

Perm Fertility Index
¢/ 8,850
¢/e 18,180
c/5 7,180
c/4 9, 080
c/5 9,080

Iintrose: ‘ (Last geaw)
Lo 15,340 14,180
L/16 9,000 9,160
L/20 11,870 10,250
1,/24 9,620 7,600
L/28 11,890 11,450

The figures for Dunragli are renarkebly constant
a8 compered wikh those for the othey two groups and
this nay be dus to the fact thet dll Pive fams at
Dunreglt bave similar rotetions and similer mamuring
policles, probebly move so then is the cese with the
other grows. The flguwres for the Carge of Stirling
and ILintrose are of the gs«=ue order and it is interw
tosting to note the relatively small changes in the
Iintrose figures since last yomre

In goneral it appears fron the fertility indices
that the choloe of fayms hag been satisfactory. Theve
are np oxtremes and indeed on Dunraglit the figures
e/
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are suffieclently close almwet to permiit plotiing the
Ceble/9:8, vuwve without the epplication of cerrection
Factors.

The meln resecrch wes scheduled to rum from lste.
Jenusyy 1960 uvntil lste. Januery 1861 and during this
time all fams were regulsyrly visited to enmuwe that
aeourate reogords were kept. Riperience geainsd in
sarrying out the pilot emperiment proved to be oxtree
smely velueble end ag e result the farmers themselves
wore briefed to cnasble them to keep meast of the
records and routing visits were concernsd mainly with
checking, This epprosch 13 almost esscubial vhen
deellng with sitesg in different pasrts of the country
in view of the muwwunt of travelling involved and it
was particulerly useful in the case of Dunreglt which
is comperatively insccessible, 1t memt; im fact,
that visites could be made at less freguent intervals
without sacrifiecing acouracy.

The scheduleg of materiacls and livestock were
conpiled as described in section ¥ and no sevious
problems aroses Ons difficulty which gppesred in the
early steges of the work wag to find e method of
accurately measring the quentity of dung produced on
cortain/
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|

|
certain farms vwhore it was customary to clean the ‘
dairy byres into a muck spreader which was emptied '
onto gressland at frequent intervels. ‘This method
appesred on two farms and applied to about half the
dung produced on each farm, the remainder being staroc%

in an uncovered hesp for later application to arsble

land. It was comparatively easy to record the nume

laverage weight of four or five of these. To obtain

|
|
tber of loads and this figure was multiplied by the ‘
|
‘this weight, a number of loads were flattened down :

inteo the spreader and the volumes measured, these were
;eonmtad to weight in the usual way and averaged. |
It will be recalled that the figure for nitrogen!
content of dung was given tolerance limits to allow
for adjustments to compensate for different methods
of handling. An increase would normally be made in
the above case where fresh dung was spplied to the
land but since about half the production was stored
in uvneovered hegps vhich would indicate comparatively

|.
|
|
|

heavy nitrogen loss, the figure has been left without
adjustment at 0.55%.

The detalled schedules are not reproduced in the
main text since it is conslidered that they are rather
lengthy. A similayr approach to that used in the
pilot experiment has been adopted with slightly more
detail. Flgures quoted for cach farm are as followss

Total./
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Total Input (fertiliser, feed, etCe.)
Total Output
Conversion Efflciency
Dung Analysls
Ievel of Self Sufficiency
{The sbove for each of N, PoOg and K50)

Average Conversion Effielency.
Average Self Sufficiency.
Fertillity Index.

15.1 Dunragit Resultis.

N 0
Fﬂl‘m s.law oL e LE=E J srde 1Et Lt

D/1 38.0 43.2 10.0 47.6 11.0 68.0

D/2 33.0 53.3 15.0 5.4 16.0 7.0

D/3 72.0 60.5 18.0 64.0 25.0 76.2

B/1 62.0 61.8 13.0 66.9 17,0 83.7

P/6 B840 83.7 19,0 59.0 31.0 6.7
(211 above are %)

The above table shows conversion efficiency and
level of self sufficlency for each of N, Py05 and Ep0
on each of the five farms. The teble below shows
input and output for each of N, P05 and K20 on the
same five farmsfn -

Farnm «Pe »Pe 1P, g.?- 2 Pe s Pa
D/l 5190 1987 8628 840 6245 674
D/2 6483 2151 6002 014 4587 731
o/s/
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D/3
B/1
p/6

4146 3009 7720 1318
2691 1605 Bl64 656
3088 1786 5906 731

54885
2821
1891

{(ebove figures in lbs. weight)

The following teble shows dung analysls, average

1361
474
594

conversion efficlency, aversge self sufficiency and

fertility index for the five Dunragit farms.

Farm

1518 1432 19.7
1898 965 17el 21.5
4610 2345 4360 38.3
2890 1320 2450 50.7
2070 1053 1986 36.0

 seie ~ g < SO ey -3
K2

82.9
88.6
66.9
70.8
63.1

Fole

12074
12900
137356
13990
14740

(figures for dung in lbs. weight, figures

for C.Ee 8nd S.S. are %, F.I. in units)

15.2 Carse of Stirling Results.

Farm
¢/1
c/2

c/4
c/6

r—wE. TR

90.5 29.0 40.0 38.2
268 24.2 B52.5 32.4
94.0 20.2 42.0 26.7
120 3L.8 26.2 40.0
84.0 30.2 3B.0 39.2
{all sbove are %)

Farm/

«Fls
1262
614
800
330
414

28.6
24.3
20.6
52.9
29.6
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c/4

Farm

Farm/

N
o P oPe
4089 5693
1922 G155
6344 B960
3288 59456
4775 3995

P

LR

3117
33561
4959
5367
3929

1248
1754
2008
1404
1359

LS

284
945
1093
1075
936

{above figures in lbs. weight)

) s s 3 S o

13512 770
16850 840
1502 764
1854 934
1723 876

1430
1560
1420
1735
1628

464
278
212
159
178

31.9
26.9
28.5
54.9
33,0

3583
4864
5470
3545
3871

F.Ie
88860
15190
7180
9050
2080

(figures for dung in lbs. weight, figures
for C.E. and S.S. are %, F.I. in mits)

15.3 &ntro 88 Rgaul t8e

N
8l.0 39.2
68,8 83.0
60.3 41.0
46,7 62.5
Ti.& 88.7

Ps0
e o Se
45,0 8.9
37.9 B2.8
.2 41.5
20.8 ©62.8
30.0 52.8

{all above are %)

sBe
Bl.7
B3.4
6G.8
56.9
T4.5

e

43.3
87.2
57.2
64.5
51.4

(& (
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Fﬂ.m I.:. Et:' sl w e X +4s al e
L/9 1962 18581 1886 811 2427 1253

/16 3009 2082 2815 1087 3084 1645 |

/20 2641 1830 2926 911 3038 2026 |

L/24 2870 1338 2206 678 2038 1189

1/25 2562 1828 2463 961 2546 1896
{ebove figures in lbs. weight)

Farm k| % 0 TEEE. I
/5 10015 515 955  58.6 40.5 15340
I/16 2525 1190 2200 53.3 58,5 9020
L/20 1270 646 1200 55.8 39.9 11570
I/24 2215 1130 2095 44.4 63.2 9620
L/25 2120 1080 2000 61.6 52.6 11890
(figures for dung in lbs. weight, figures
for C.E. aud S.S. ere 9, F.I. in wnits)

154 Method of Display.

The results cbtalned sbove were examined with the
object of dlscovering the best method of displaying
the C.E./S.8. relatlonship. Some counsideration was
necessary in view of the relabtively high figures
obtained for comnversion efficlency on the Carse of
Stirling ferms vhich meant that a different secale at
least would require to be usged for thls group.

As in the case of the pllot experiment the objee
is Yo show if possible, the level of self am:i'f‘!.e:!.a:azex'.r




which gives mexirmum conversion of N, PyOy and K0

wlthin each group. It wag therefore decided that the

sane general mothod of plotting C.E. on the 'y! axis
against S.S. on the '=' axis should be used with
sultable sdjustments in the scaling factors to prod:
tuce a convenient dlsplay. It will be apprecisted
that the ratio of the 'x' and 'y' scaling factors is
less importent than the shepe of the greph which is
expected to show a pesi.

In the pilot reseerch, correction factors were
used to eliminete the differential eoffects of fert-
$ility, In the cases of Dumregit and the Carse of
Stirling, however, the fertility indices do not show
marked veristion within each grouwp and it has therew
tfore been declded to plot the C.7. and S.8. figures
without the application of correctlon factors which
are conaidered to e mmnecesserye In fact, if
correction factors were used, they would be small and
would have little affeet upcn the graph shepe.

The fertllity indices for Lintrose are broadly
similar to those obtained Iin the pllot experiment and
they do exhibit some wvariatlion. Therefore, correction
requires to be applied and this will be based upon
the grephs of CuEus v Fuls sﬁ%“gﬂs, v Fel. used in the
interpretation of last year 's ,figures from Lintrose.
15.5 Lintrose eccrrecticn factors.

Correction factors have Leen obtasined using the

CeBs v T'ale and S48, v Fals g‘aphs winlich were drawn

using/ |



uging the results obtained during the pilot experime-
tent. Undoubtedly a better method would be to draw

a fresh set of graphs based upon analyses carried
out in the year of the main ecxporiment but since onl:v:!
five sets of figwres are avallsble, il was conaidered|
that the error would be less in using the prevbous
year's graphs which were based vpon btwelve sots of
figures.

The method of uging these graphs is te draw lines

on the 'y' axes corresgponding to the oversll average
CsEe and 3.S. found from the results of the main I,
experiment and to note the positive or negative Giffe
serences between this line and the integrated curve
at the particular fertility indices. These figures
ere then used to correct the individusl farm C.E. and
S.8. resultss It willl be noted that the overall
average S.S. is virtually the same for both pllot and

main experiments.

Farm sfa s e efe P aBis oi5e

L/o 58.6 40,5 #4.0 +11.0 62.6 5.5
/16 58.8 54,3 12,0 5.0 65.3 49.3
L/20  55.8 39.9 9.0 #4.0 064.8 43.4
L/24 44,4 63.2 #ll.0 «2.5 56.4 60.7
I/26 61,6 52,6 48.0 5.0 69.6 57.6
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16.0 SUMMARY OF MAIN EXPERIMINT.
The results obtained from the three groups of

|farms are shown in the appendix*aa graphs relating

CoEs% on the 'y' axis t0 S.5.% on the X! axis. F¥ach

of the three graphs shows a peak conversion efficiency
at a certain level of self sufficiency and i1t will be
reocalled that the farms were chosen in the hope that
this would occur., The farms in each group were, in
fact, selected largely on the basis ol Ttheir 'Tappar=
sent ! conversion efficiency and self sufficiency as
judged by observation of the farms and discussions
with the farmers about thelr rotationg and systeams of
management (13.4). The method was to choose a number
of farms showing a high conversion efficiency and from
these select five representing a range of self suffie
tciencies. At the time there was conslderabls doubt
as %o whether casual observation would be accurate
enough to provide a sultable range of farms but the
grephs indlecate that the selection has been reasonably
guccessiul,
16+1 Discussion of Dumragit results.

Referring to the Dunragit graph,t the peak cone-

sveralon officiency occurs at about 679 self suffice
:ieney and the C.E. has fallen to about half its peak
velue at 527 S.S. and 75% S.S. where the C.%. sppears
to flatten out to give the curve a bell shape. The

points for each of the farms are fairly well distribe

suted te show the shspe of the curve but 1t would have
been/ X

b A52-257 I 55 252 -258.
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been desirable to have rather more information at
Ithe pesk and at high levels of self sufficiency.

However, at levels of selfl sufficlency aebove about
0% the choice of farms becomes severly limited and
it would have been difficult to find subjects vhich
were suitable in other respectss The explanation

| |
is mo dowbt that the higher levels of self suffice
tiency require an intensive stocking policy assocw |
slated with compsratively little arsble groumd or

intensive grass production. This type of farm woul |

not be econmomie at Dunraglit, in fach, high selrl
meicieney with low HIPK conversion efficiency is
typical of merginel or hill farming, In this |
sonnection 1t is interesting to mote that the highn%
est self sufficiemcy point om the curve rerfers to |
foxi B/l which, slthough still on sandy soil, had :
!utcrops of rock and was situated at 2 higher elev- |
taﬁicn than the other four farms.

The level@ of self suffieicncy for nitrogen an%
hogphoric acid are substantially similar on any |
arm snd 21l S.S. figures ave within the limits 437

84%. On the other hand, figures for C.E.% for |
ach of NPX show consgiderable variation. In genersl
the figure for nitrogen C.E.% is st least twice the '-
gure for phosphoric aclid C.E.Z or potash C.E.% |
gnd there is not s great veriation between the C.E.
gures for phosphorie zcld and potash. C.Ee. and
B8 are generally below those for Iintrose (pilot

?xperiment Y/
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‘experiment) in the case of phosphoric acid and
;potash end the figures for nitrogen are roughly
comparable.
i The experiment at Dunragit sppears to have beells
successful within the limits of available time and |
resources and although the graph cannot be regarded;
‘aa providing conclusive ovidence of the C.E./S.S. |
relationehip, it does provide a falr indication of
the way in vhich C.%. veries with self sufficiency
and this was the object of the experiment.
16.2 Discussion of Carse of Stirliang results.

The results of the experiment omn the Carse of

istirling have not been as expected and because of
;this they are expremely interesting. It is = well |
:known fact that clay soils are sometimes rich in
;potaah particularly if they have been derived from
orthoelase felspsr but the avallability of the
potassium to plants eppears to have been held in
doubt and it seems likely that the K,0 availability
of clay varies considerably from ome site to amthef “
"Ihe results of the experiments on the flve Carse of
Stirling farms demonstrate quite clearly that the
!aoil not only containg avallsable K,0 but is capable
of supplying comparatively large quantitles to
égrowing erops over long periods. The outputs of
|K20 (representing losses to the farming system) are
always greatly in excess of the imputs (representing
geins to the farming system), the differences sre
w




ag followgsw

‘ FParm Tput &tﬁn&% ioss B

e/1 284 3583 3299 1262.0%
‘ c/e 045 4864 3919 514.0%
. ¢/8 1003 5470 4377 500.0%
o/ 1018 sm45 2410 330,07
. ¢/8 036 3871 2936 414.0%

1 (Input, output and loss in lbs. weight Kp0)
The averasge farm ig therefore losing aboutbt |
;5,000 1bs. of K50 per year (or shout 60 1bs. per
acre per year) and presumably this loss has ocour-
| sred snnuelly for at least a century since it is
mainly due to the large production of Timothy ha¥
which is the traditional ecrop of this area and was
a populsr feed for city horsess In gpite of the
‘high output of K,0, the menurial policy on most
‘farms is such that no great emphasig is placed on :
‘potash epplications presumebly because it hss proved
to be unnecessary. Fertiliger applications consist
mainly of nitrogen which is spplied in fairly 1argei
‘quentity end phosphate applied often as basiec alag.‘
‘ The figures for nitrogen are also intereositing
and in two cases the C.%.# has exceeded 100 (C/2
268% 3 C/4 : 120%). |
i Nitrogen results are shown in the following i
‘tahle: '

| Farm/
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‘ ¥ N¥itrogen
Parm Input Ooutput icss CeBed

oA 4089 3695 - 90.5
- c/2 1922 5156 3233  268.0
c/3 6344 5960 - 94.0
c/4 3288 3045 657  120.0
¢/5 4778 3995 - 84.0

(Input, output and loss in lbs. weight N)
The maintenance of soil nitrogen content in

the case of farms C/2 and C/4 is undoubtedly |

|1argely due to fixation by legumes such as clovers |
and beans slthough in the case of farm C/2 the loss
smounts to sbout 50 1lbs./acrs which appears to be
rather large for balence by the action of legumes.

However, since otheér farms in the group show no l-oaai

|
the year of experiment wasg perhaps exceptionsl in

'the cage of farm G/2. |
Phosphoric acld results are more in line with
!f&guraa obteined in the Linitrose experiments and
show no outstending festures which might suggest
Ieii;her greater or less phosphoric seid loss in @

clay soil. |

FLG.S Discussion of Iintrose results.

The five farms at Iintrose were selected from
those studied in the pillot experiment and consegu~
tontly figures are avallsble for two consegutive

yesrs, This has allowed comparisoms to be made and
h.n general there is little difference. Whoen plene
sning the/
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the pllot experiment, sn importent factor in
 choosing the farms was the stability of the systems
‘ from year to yesr and this mey be the reason for

| the substantially similar results obtained over the
two years.

: Conversion efficlency pe aks*at gbout 567 self
i sufficiency and this compares with 48% in the pilot
| experiment showing s difference of sbout 8%. The |
curve for the pillot experiment drops steeply betw= !
| seen 507 and 60% and this is reflected in the medn
‘experimant. It therefore appesra that for the
pearticular soll type at Lintrose the pesk occurs
'between sbout 457 and 557 end falls off rapidly st
higher levels of self sufficiencys At levels of

self sufficlency below sbout 457 the gredient is

not so steep and this gives the curve a positive
| gkow.
| In the main experiment, the low conversion

| efficiency for farm L/9 has influenced the shape
‘of the grsph*probably more then 1t would have done
if there had been a larger number of points and it |
may well be that the peak occurs somewhere in the |
:region of 52 - 55% self sufficiency. In any event,:
\the pesk converslon efflciency of the pilot exper- :
‘¢iment (6279 1s of the same order as the peak
conversion efficlency of the main experiment ab
Iintrose (69.6%) a difference of 7.6% which can be

congidered smell in this type of work.
1t/ *G'moh. i S
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It has alroady been shown that the self suffe
ticiency has increased in the second year by about |
8% and although the reason for this is not known |
‘with certainty and could be due to random vwiatioqu,

:it is interesting to speculate that it may have

'been because the farmers were already sware of the
|experimenta1 work smd of the factors which influsn-
sced gelf sufficiency. Haturally this is undesir-:
:able and in eny rep@tition of the sxperiment, care
would reguive to be taken to ensure that this did

not recur because of human error, intentionel or

| otherwiss. BExsggerated claimsg for the sale of
leffect; are not unkunown, therefore it would be
important to check the farmer's figures wherever
!possibla.

In general, the shape of the euz've*ia gatlig=
:facbory in the sense that it shows a peak and ss
has slready been stated, this is more important ia
the present work than the sesctusl numericel velues |

for conversion efficiencye o

17.0 CONCLUSION.
In a research project of This nature the

‘mumerical vesults require imterpretation since they
'do mot in themselves provide an lmmediste and
|obviovs preoof of the thesis. In the previous gectw
|:3.on the/

¥
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|
it:he results from each of the three main experimental
éaites wore discussed separately, it is now propose
to disecuss the experimental work as a whole with bheli
objeet of forming comclusions and in order to dise
i:ccwer if the thesis hag been proved. |
A7.1 CsE./S.S. relationship.

It will be recalled that firsgt attempts to

demonstrate the C.E./S.S. relationship were not |
reverding (pilot exmperiment) wmtil it was discover= i
Ised that correction factors designed to eliminate
the differentiel effects of feortility produced the

|
desired effect and gave a curve which showed a

definite CsE./S.S. relationship. The curve was
approximately bell shgped with a slight positive
:akew.

' At the time, there were gsome doubts gbout the
;fmpeatability of this method using correction
!t'aotors on different goil types but later experimew |
!:ni:a have shown that providing correction factors
gre used in cases vhere there are a number of
measurements on ferms situated on the same soil tﬂp@li
but which show a wide veriation in levels of fert=
tility, there appears to be a fairly close sgreement
in the shape of the G.E./S.S. curves obtsined.

| The fact that groups of farms were obtained

| ch did not show a sufficiently wide variation in
fertility to warrant the gpplication of correction
factors and which gave a bell-sheped curve is tsken
to/
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' to be an indication that the correction factors

| operate successfully vhen they are required. |
| It 1s to some extent unfortunate that it was |
out of the guestion to congider studying a greater |
|number of farms in the maln research., Experimental
work of this nature vwhere the objeet is to produce
a curve is much more conclusive with a lavrge |
'number of co~prdinates to give greater detsill |
 throughout the length of the greph and in the case
of the three maln experiments, five farms each was
ifowe! then is redlly desirables Nevertheless, the
curves have been drawn and by careful selection of |
the farms it has been possible to achieve a sablg-
sfactory disteribution of the five co-ordinate
|points. i

The points in the S.S8. scale at which tho C.E.

sppoars to peak are as follows:-
paak COEI% st S-S.%

. Dunragit (send) 38.3 66.8
Lintrose (loam) 6946 57.6
Cerse (clay) 460.0 54.0

The actuel value of the peak conversion
efficisney 13 relatively insignificant and in fact |
‘the veriation is extramely wide. Ilbre important
sre the figures for S.S5. which show the levels at |
which the maximum use is made of the raw materials i
N, Py0, end E;0. It will bo observed that on sendy

's0il/ |




s0il a comparatively high level of self suffisiency
is necessary in order to achleve the greatest |

!
| possible NPK conversion eofficlency whereas with a

| ¢lay soll, the level of self sufficlency for the

| same condition is about half the previous figure. |

There is, of couvrse, nothing significantly
new in this general sbatement but ome of the chief
objects of the work has been to show how the |
parameters could be megsured end the sbove figures
represent, as far as is known, the first attempt
to do thisg. The conclusions to be drawn from the
CsE+/8.8. curves sre straightforward; it can be
stated with safety that in any particulsr district |
which has substantially even soil type and unifom
farming systems, it is possible to plot a euvrve
wihich shows the level of gelf sufficiency at which
maximm bilologlical use is obtained from purchased
raw material.

The conditions which qualify the above state-

sment are that raw material is reckoned as N, Py0g
and K0, that 'substentlally even soil type' vefers
more to the ratio of clay to sand than to any other
feature and that 'meximmm biological use' doss not
necessarily bear any reletionship to economie i
yrofi_tabilit‘y. ‘

It may elso be concluded that the C.E./S.S.
curve is roughly bell-sheped with a slisht positive
 gkew/




skew and 1t is therefore clesr that a fadlewith a
low level of gelf sufficlency who wishes to incrw

teage his conversion efficiency must excercise

'. great care to engure that he doesg not overshoot

the pesk, Ir this should occur, there is the
danger that the conversion efficlency will fall

- off repldly with relatively smell increments of

self gufficiency. At levels of self sufficiency
below the optimum, the variation in conversion
efficiency is more gradusl and unless very aeesmat?
mogsurements can be meds, it 1is better to err on
the low side, _

It appears that on a c¢l@y soil the aim should
be to operate in the region of 307 self sufficiency,
on a medium loam shout 507 and on a light, sandy |
s0il sbout 607 but obviously the most satisi‘actoryl
meathod of discovering the optimm level of self
sufficiency is to make actual meagsurements on
fearmg Bn the perticular district and to draw s
graphs

The particular C.E./S.S. grephs shown have
greatest application to sreble units vhere puﬁch-
taged raw material 1s chisfly WPK. On livestock
reaving or delry farms where the emphasgis 1s on |
home grewn feedingstuffs such a8 roois, grein and
intensive grass production, the graphs should also
epply/ |
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epply since the greater part of the raw material
will also be NPK. Dalry farms which use lerge

| quantities of purchased feed or expensive hill

farms relying upon the natural resources of large
aroas of rough ground which are nblther cultivated
nor menured may be regarded as unsuitable for use |
with these graphs. |
17.2 Coneclusions from Csmge of Stirling egerimentip
In many ways the experiment on the Carse of |
Stirling was the most interesting of the three

' main experiments. The results have slready been

digcussed at some length in section 16.2 but ae |
conclusions were drawn in thet section. The a.hﬁ.afi
objeet of the experiment was to obtain a bell-sha-%
sped C.E./S.8. graph in order to discover the

optimum level of self suffieclency and this object
has been fulfillled, There are, however, other ;

|
features of the work which are worthy of note.

The execepbtionally high conversion efficlency
for potash has besn recorded together with conver
1sion efficiencies for nitrogen which exceed 1007
and possible explanations have been put forward. |
The conclusgions which can be drawn from these ‘
results gre, firstly, that the Carse of Stirling ‘
hag very large reserves of potentially aveilsble
Ea0 (*potentislly available' becsuse soll mel:;‘sis!
doeg not show unduly high svailable potash) and
secondly/



‘ secondly, that nitrogen fixation either by |
‘ Bs radiclcole or by free living organisms such a8 i
5 azotobacter appears to occur abt a comperabively i
' higher vate than is the case on lighter solls. |
This second conclugion concerning nitrogen fixatia:i
| is besged upon the assuwmption that all nitrogen ‘
 entering the pariticular farms which showed over
' 100% C.E. for nlitrogen, was recorded during the
| collection of data. If this is so, the atmosphere
| is the only other scurce from which the excess
' nitrogen couwld have been obtained.

| It is true that legumes avre prominent in the
! eropping programes but it 1s considered that the
| efficiency of fixation must be rather higher than
on lighter soils to sccount for the qusntities of
‘nitrogen involved (16.2). Both conclusions, the
| first concerning potesh and the second, nitrogen
é sre interesting in as fa&r as they go and it is

: felt that they may well provide justification for
further work concerning the behaviour of clay soils.
It would, for emxample, e interesting to know how
long the pobash supply is likely To last and
whether the nitrogen Tixation process which appaa'il
 to be more sfficient than usual could be stim‘ulatedlf

on other soils vwhere it might be used to considere ‘

table advantage. |
17.3 Additional Information. |
| In section 2.3 1t was stated that obaervationé
;would/ !
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|

uld be made In the chance that further relation- \
tcships might appesr. This is normal practice in i
t:mst experimentel work and consequently the data ‘
obtained from the experimonts has been carefully :
éxamined in zn atbempt to disgover any such ralatio+
;ah’.’.pa. For example 1t was declded when planning |
the work that each of N, By0g ond K,0 should be |
Fraatad gsoparately and thls has been dona throughout
the work, The chief reason Was that 1t was thought
#ogsﬁ.ble thet there might be a patterm in the C.E./
E.S. relationshlps for each nutrient. This was,
owever, s socondary objective and the limitetions
éxf‘ time and resources unfortunagtely dictated that
ﬁns part of the work could not be carried through

2 satisfactory and complete manner. |

| When considering such debsil it is move or less
Jasaen‘f.ial to have 2z large number of resullbs and the
present day technigque would be to programme these
into a computer which would then seek out any trends.
Tols approsch has not been possible and rather than
malte 2 poor atbempd with the avelleble informatlon
1t was decided that the work should not De carried
¢ute It appears, however, from the figures which
liitave been obiainedd that such relationships may, in
fact,exi.st perticularly in the case of nitrogen. A
study of phosphete results may also be rewarding andi
I?W lead to the digcovery cof more efficlient ways of
aging phosphete to avold the heavy losses which often

occurs/ |
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;oacm'. In any event a repetition of the method
;used in the presentvwork would sppear to offer =
faatisfactory starting point for more detailed study
into the relationships between efficiency in the
use of raw material and the day te day mansgement
gand livestock programes of smell ferms.
17.4 Practicsl aspplication of the Relationshipse
The research has been ecarried out in an
attempt to throw some light on particular aspects
of small farming in southern Scotland and in view
of the faet that informabtion conceriing the effice
tiency of smgll farms as converters of raw mabterial
into produce is so scanty it has been necessary to
keep the study comparstlvely brosd. This gpprosch
has had certain adventages in the sense that it has
permitted the observation of Tactors which might
otherwise have been missed and it is hoped that it
may also be regarded ss providing sufficient infore
smation to assist in sgricultural plenning. Further,
:11; cpens what would eppesr ©p be an alternstive bto
‘economics as s method of studying the farming
;proaess for the purposes of determining fubure
!ayicultural policy.
i Several ways in which the relationships may |
!be used in plenning farming systems have already
‘been indicated and it is clear that projected ‘
|cb.anges in a ferming system may be eveluated in ‘

terms/
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‘terms of conversion efficiency. This means that by
a reverse process, an indication can be obtalned

of the economic¢c consequences of changing a farming
system and it should therefore be possible to plan
for particulsr results. At the present time such
planning is usuluy baged upon judgement and
ialyhough this may be thoroughly relisble, there
would appear to be some advantages in using a
‘gystem based upon actual measurements which could
gba repeated by different workers with similap
results. There would therefore be some degree of
stendardisation in hitherto erbitrsry methods.

| As an example of the type of planning vhich
would be more effective using a standard technique
it seems probsble thaet the pesk conversion effice |
I=1emies for each of N, P05 and K,0 may in eerta:’ua%
ingtences, occur at different levels of self .
sufficiency and it might therefore be more sabis- ‘
izfaotery to choose a level of self suffieienecy whie*a
;gave maximum use of ome particular nutrient. |
Ethe Carse of Stirling, efficiency in the use of i
|I§20 or possibly N mey not be so important as office
‘tiency in the use of P505 and oa this type of soil
:3.1: might be of greater velue to operate the farms
|at the level of gelf sufficiency which gave mm
!canversion effieciency for phosphate rather than ths!
]leval of self sufficiency which gave greatest ‘

I aver ESG/ ‘
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Iaveraga conyersion efficlency for all three |
nutrients.

| It will be observed that no attempt has been
émade to investigete the conversion efficiencies of |
;medim and large farms to serve as a basis for comps

sarigon. This 1s, of course, intentionsl sinee the'

|
objeot has been to study particular aspects of '
!

small farms exclusively, in =n attempt to learn

| ro sbout the efficlencles of different types of
ferm and different methods of mansgement. If this
method of comparing exlsting and projected systems |
has thrown any light om the smell farm problem or
?has suggested new ways of tackling certain of the
technical difficulties associated with present dsy
lamsll farms, it will hsve been well worth-while.
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APPENDIX. & « = Indexe

l. Anglytical datae.

28, Livestock (cattle)

2b. Iilvestock (sheep)

2ce Iivestock (pigs)

3. Boils.

48, Solls (main expt.) Dunregits

4be Soils (main exptes) Cersc of Stirling.

4ce Soils (mein expt.) Iintrose.

b. Pilot Exporiment CeEe V SeSe

Be Pilot Experiment CeEs v Fole

7e Pilot Experiment S.S. ¥ Fele

8¢ Pllot Experiment corrected C.E. v corrected S.S.
D¢ Main Experiment CeFe ¥V SeSe (Dunragit)

10s Main Experiment CesEe ¥V S.Se (Cerse of Stirling)
11, Main Experiment CeEe Vv S.B. (Lintrose)
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APPENDIX 1l. =« « « Anglytical datae

The following tables show the nitrogen, phosphoric
ecid and potash contents of twenty basic feedingstuff
constituents together with detslls of the method used
to calculate the nitrogen, phosphoric acid snd potash
contents of a number of 'standard' compound foods
commonly used on the farms studied.

Nitrogen, phosgphoric acid and potash are expressed
and calculated in the usual way that 1s, as N, P2°5 and

0.
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ANALYSIS OF PURCHASED FEEDINGSTUFF CONSTITUENTS.

N% Py05% K207

Melze meal 1.47 0392 0633
Flaked maize 1.57 0,60 0.285
Maize gluten feed 3480 0.70 0.20
Vheat bran 2.42 2.80 1.50
Vheat middlings 2,72 2,60 1.40
Wheat meal 1.94 0.86 0.60
Crushed oats 1.68 0.81L 0.55
Barley mesal 1,60 0.84 0.57
Soya besan meal Tel5 2.10 1.90
Cracked beans 4,06 0.88 1.28
Bean meal 4.10 0.88 1.28
Rice meal 1.33 250 0.70
Linseed cake 4,80 1.70 1.30
Palm kernel cake 2.80 1.10 050
Coconut ceke 3640 1.50 2,00
Decorticated earth-nut cske 7.50 1.30 1.50
Decorticated cotton cske 6.60 2.70 1.60
Fish meal 9.75 9.00 1.20
Iried grass 290 064 220

Sugar beat p‘ulp 1.42 0.18 0.59
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PURCHASED COMPOUND FEEDINGSTUFF ANALYSIS.

Cattle foods:

(1) Dairy cake: (a total of eight rations have been
averaged, two are quoted by way of
exarple )

Ration (a):=
2 parts Malze meal
1 n (Crushed oats

1 S " Bean meal
2 1l Palm kernel caks
: " Decorticated earth-nut cake

The total of seven parts (taken as 700) gives:
21.79 N 5497 Pg05 4.99 K50
which reduces to:
3.10% N 0,857 Po05 eand 0717 K20
Ration (b):=

2 parts Maize gluten feed
1l =# Rice mesal
1l © Barley meal

1 ©» Linseed oszke
1 n Decorticated cotton cake
The total of six parts (taken as 600) gives:
21.93 N 9e14 Py0g 4.57 K0

which reduces to:
 3.65% N 1.527 Po05 and 00767 K;0



Cattle foods:(contd.)
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(2) Cealf rearing compownds: (two rations quoted by way

of example)
Ration (a):=
2 parts Linseed cake
2 n Fleked maize
i " Oats
1 n Fish meal
The total of six parts (taken as 600) gives:

24414 N 14.41 P,0g 4.85 Kp0
which reduces to:
4.027 W 24407 Po05 and  0.817 KO

Ration (b)s=
3 parts Flaked maize
2 o Iinseed cske
1l n Fish meal
Tie total of six parts (taken as 600) gives:
24,06 N 14,20 Po0g 4455 K50
which reduces to:
4,017 N 2.37% Po05 and  0.76% K30

Pig foods:/
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Pig foodss
(1) Sow and weaner meal: (two rations quoted)
Ration (a):=
2 parts Vhite fish meal
1 1 Soya bean meal
8 ©n Mddlings
5 n Barley mesal
4 v Flaked maize
The total of twenty paris gives:
62.68 N 4750 Pp0g5 19438 KpO
which reduces to:
3,137 N 2:37% P05 and  0.977 Ko0
Ration (b)s=
1l part Soya bean meal

i n Linseed cake meal
2 n Middlings
u PBean meal

2 u Flaked maize
¥ n Barley meal
This reduces to:
2,947 N 1.36% PgOy and 04957 Ko0

{2) Pig fattening meal: (two rations quoted)
Ration (a)t=/



Pig foods: (contd.)

(2) Ration (a)i=
2

5

7

6

This reduces

2.65% N

Ration (b):=

1
2
2
3
2
This reduces

2.48% N
Poul try foods:
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partg Vhite fish meal

it
L]
n

tos

Middlings
Barley meal
Malze meal

1,967 P05 end  0026% K30

parts Decorticated earth-nut cake

"
il

"

to:

Vheat meal
Crughed oats
Flaked malze
Middlings

Layer's meal or pelletss

40 parts Weatings

38
10
15

"

Bran

iried grass
Malze meal
Ground oats
Fish meal

Soya bean meal
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Poultry foods: (contd.)

The above ration shows the followling analysis:

3.007 N 2.28% POy eand  1.29% K50




SUIMMARY., O ANATLYTICAL DATA.

(1) Crop snslysis:

Grein: Oats
Barley
Vheat

Straw: Oat
Barley
Wheat

Hays Ryegrass
Timothy
Meadow

Roota: Potatoes
Swedes
Mangolds
Suger beet
Suger beet tops
Kale, mearrow-sbem

Frult: Raspberries

14
1.65
1.60
1.94
0e32
0653
DeS4
1.92
1036
1.53
0.34
0s21
0.16
0e 18
0.32
035
021

Py 057
0.81
0.84
0.86
0,18
0el5
0elS
0+€0
0+45
045
0.18
0. 08
0. 09
010
0.11
Qel2
0007
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Kx0%
0.55
0657
0.60
1.50
1.30
0.80
1.80
1.40
1.60
0.60
0e30
0.45
047
0.58
0655
0.25
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(2) Dung snalysis:

Normal figures:
0.557 K 0+28% P50 and 0.52% K50

Adjustmentss Nitrogen - plus 107 to minus 207
Phogphorie acld « plus or minus 107
Potash « plus or minus 109

(3) Purchased compound feedingstuffs:

Cattle fcods: N7 Pp0g% K5 0%
Dalry production ration De46 1.30 0.80
Calf recaring compounds 4,04 2.16 0.96

Pig foods:

Sow and wesener meal 5603 1.66 0.96
Fattening mesal 2448 1.44 063

Poultry foods:

Layer 's meel or pellets 3¢ 00 2.28 1.29

(4) Livestock analysis:

Fat cattle, calves, etce/
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{4) Iivestock enslysis: (contd.) N% P5057% K5 0%
Pat catile, celves, etce. 240 1e4l 0.21
Lambs end sheep 184 103 0e15
Fat plgs l.74 C.E6 0«08
Store cattle eics 2,80 1.78 026
Store lambs etee. 2.2¢4 l1.22 0018
Store pigs 2.14 1.07 0el6

ibs. weight of:

N P50z Er0
Fat csetile 1, 200 lbs. 28.8 16.9 2.52
Fat gheep 110 ibse Ce02 418 Qel7
Tat pigs 220 lba. 383 123 018
Store cattle 800 lbse 22.4 12.2 2,08
Store lanbsg 80 lbsa 179 028 .14
Store pigs 40 lbs. 0686 QedC Oe 06

(5) Analysls of livestock products:

Whole fresh milk 0+54 0e 22 019

thole eggs (ineluding shellB.01 06 54 0,16




APPENDIBES 2.(a), (b) snd (c)

The following graphs sre dram
uging the colours green,; violet and
red. The green curveg indicate the
welght of material in animals of
particuler age (brown, horizontsl axis)
and are read in conjunction with the
green,vertical scale. Violet indicates
approximate body weight on the wviclet,
vertical scale for any sge on the
horizontal scale and in simllar manner
the red greph related to the red scale
and shows the Jage moterial for eny
agee In the case of cattle, two setbs
of curves have been dravwn, one for fat

and one for non-Ifat animalse
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APPENDIX De ( 8.) e - - Iivestocks ( cattls )

The following tables and graphs show the nitro-
tgen, phosphoric acid and potash content of beef
cattle. For the purposes of the graphs, cattle are
divided into two categories:

(&) Full growth with fattening.

(b) Full growth without fatteninge.

Figures are quoted showing the percent nitrogen,
ﬁhoaphoric acid and potash for a range of gges up to
27 months and an indication is given of the weight of
material contalned in the animal. The relationship
between sge and body weight 1s, naturally, arbltrarye.
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NITROGEN CONTENT OF BEEF CATTLE.

Age mos. N% Weight (&) 1bs. N (a) Weight (b) 1bse N (b)

0 2.80 80 2.24 80 2.24
3 2.75 200 5.50 170 4,67
6 2,70 400 10.80 350 0445
9 266 860 14.90 480 12.80
12 2.62 700 18.30 600 15.70
i85 2,57 830 2130 720 18.50
18 2.52 950 24,00 840 21.20
2l 248 1080 26.80 950 23.50
24 243 1200 29.20 1060 25.80
27 240 - - 1170 28,00

(a) Full growth with fattening.
(b) Full growth without fattening.
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Age mos.

© o ® O

iz
15
18

24
27

PHOSPHORIC ACID CONTENT OF BEEF CATTLE.
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PQOS% Veight(a) 1bs.Pp0g(a) Weight(b) 1bs.Pg0g(b)

1.78
1.74
1.70
1.65
1.60
1.56
1.52
1.46
1.43
1.39

(a) Full growth with fatteninge
Full growth without fatteninge.

(b)

80
200
400
560
700
830
980

1080
1200

1.42
3648

680

D623
1l.20
12.90
14.40
15.80
17.20

80
170
350
480
600
720
840
9560

1060
1170

1.42
2.96
5,95
7.92
.60
11.20
12.80
13490
15.20
16.25
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Age mosa

0 & A O

12
15
18
21
24
27

POTASH CONTENT OF BEEF CATTLE.
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KQO% Weight(a) 1bseKy0(a) Weight(b) 1bB.Ké0(b)

0260
0.254
0e 248
0243
0237
0,231
06225
0s220
0.214
0.208

80
200
400
560
700
830
950

1080
1200

0.208
0.508
00992
1,360
1,660
1.920
2.140
24380
2.570

80
170
350
480
600
720
840
9560

1060
1170

(a) Full growth with fattening.

(b) PFull growth without fattening.

0+208
0e432
0,868
1170
1420
1.660
1.890
2.090
2270
24440



POTASH CONTENT OF HEEF CATTLE.
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APPENDIX 2e(b) =~ = =« TIiveatock. (sheep)

The following tables and graphs show the nitro=
tgen, phosphoric aclid and potash content of shespe.
The types selected are medium breeds and crosses for

mitton and as 1ln the case of cattle, the relationship
between body welght and age 1s spproximate.




NITROGEN CONTENT OF SHEEP.

(medium breeds and erosses for mubtton)

Age mos.

© OO N O ;o o B N H o

Welght 1bse

8
18
32
45
57
67
76
86
95
104

N
224
2420
2415
2.10
20 06
2602
1.97
188
1.89
1.84

Welght N 1lbs.
0179
0.396
0688
06945
1.170
1.350
1.500
1.660
1.800
1.920

/&&
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NITROGEN CONTENT OF SHEEP.
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PHOSPHORIC ACID CONTENT OF SHEEP.

(medivm breeds and crosses for mutton)

Age moSe

© ® 3 O O & G N +H o

Weight lbs.
: .
18
32
45
57
6%
76
86
986
104

Py05%
1.22
1.20
1.18
1.16
1.14
1.12
1.09
1.07
1.05
1.03

0.098
0.216
0,378
0522
0650
0750
0,830
0.920
1.000
1.070

/90

Welght P50g 1bse
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POTASH CONTENT OF SHEEP.

/7

(medium breeds and crosses for mtton)

Age mosse

L 00 5 b o B B N M oo

Weight 1bs.
2
18
32
45
57
67
78
86
98
104

0%
0180
Q177
Cel73
0el7C
0.167
G153
0160
0.157
0153
0.150

Welght K;0 1bs.
0.0144
0.0319
0. 0554
0. 0765
0. 0952
0.1092
0.1217
0.1350
0.1454
0.1560



POTASH CONTENT OF SHEEP.;

e

(mﬂdium breedsm 9.nd crosses i'or mutton) § |

: §.|g_|gj.;_;. i f |
B
120 | 5 ' e e e
' !

e 10.1_

:

£

55

&

{1

o
oo

7 8 ?? 10 BRI
in months e

g

0410

b6/



/194

APPENDIX 2.(¢) =~ =~ = [ILivestock. (pigs)

The following tsbles and graphs show the nitrogen,
phosphoric acld and potash content of pigse. The data
refers to pigs of bacon type and the relationship bet-
tween body weight and age is approximate.




Age mog.

© < oot » G N - O

NITROGEN CONTENT OF PIGS.

(bacon type)

Welght lba.
3
14
52
50
80
115
1586
200
245

N7
2.14

2.09
2,04
1.99
1.94
1.89
1.84
1.79
l.74

/195

Weight N 1lbs.
Oe 064
06 239
0.650
0,995
1.5560
2.180
2.8E0
3.580
4,250
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PHOSPHORIC ACID CONTENT OF PIGS.

(bacon type)

Age mos. Weight 1bse PQOE% Weight Py0g lbs.
0 e 1.07 06 032
) & 14 1.01 Dol 4l
2 32 094 0300
3 50 088 De44:0
4 80 0.82 0.655
5 115 0,75 0,860
6 155 0.69 1.070
o 200 0.62 1.240
8 245 0«56 1.370
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Ageo in mos.

0

o 3 D e B> K N M

POTASH CONTENT OF PIGS.

(bacon type)

Weight lbss
5
14
32
50

K5 0%
0.16
0.15
0.14
0.13
D.12
0.11
0:10
0. 09

0. 08 -

Welght Ky0 1bse
0.0048
0. 0210
0u 0450
0. 0650
0.0060
0.1270
0.1550
0.1800
0.1960

/99
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APPENDIX 3. - - - Soils.

In the following twelve tables of soll analyses, the
columns heeded 'D%' show the corrected deviation from
the srithmetic meen expressed as a percentsge of the meam.
Each 'D%! column gives the deviations for the results
vhich sppeer in the preceding colurm. It is important
to note however, that the deviations for L.I.Z and pH have
been multiplied by five.

In the following twelve grephs, cclours are used o
identify the curves:~

S LeI.% deviation
— = LT %" deviation = B
— — — PH deviation
————— PH deviation x §
Kp0 deviation
Pp05 deviation




Field

o R - S = - S > B o S < R v < B~

g S -

FARM: L/A
LeIe% /4 pH
7.9 15 6.0
649 40 6.2
7.5 8 B3
840 B35 6.3
746 843
7.4 5 6.2
648 45 5.7
7.3 15 6.0
7.8 2o 2
7.9 25 6.2
7.5 0 5.8
T 18 8.7

Mean TLeIeZ o

Moan pPH » =

Meen K;0

Mean P205 =

Fertility Index

w

10
10
15
15
10
30

10
10
25
30

(12 samples)
K0 DE Polp
108 4 5 3 2
66 41 8
113 3 10
108 4 3
128 14 13
83 26 10
128 14 i2
200 78 11
88 21 9
108 4 p B ¢
93 17 iz
118 5 13
- 7.50
- 6.08
= 112,00
= 10.25
- 8,620
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Fleld

o @ 4 &H g o w

EARM:  _ L/5
LeIe#Z DZ  DE
745 15 5.8
8.2 30 643
77 0 -6
7.3 25 6.3
8.0 20 5.6
8.0 20 6.8
7.8 5 6.2
7.2 30 8.8
Moan  LeIle%®
Mean pH
Mean K50
Mean  P,y0g

Fertility Index

(8 samples)

Es0 D Pg0g
23% 116 12
140 4 8
149 4 8
108 20

108 20 7
128 & il
103 24 8
118 13 10
- 770

= 6410

= 155,00

- 8.863

- 8,960

X04.

D%
39

42
19
28

16






H06

FARM:; LM (8 samples)

Meld LeIle% D4  pH 5274 K0 1574 Pg0; D%
5

A Ds2 40 Eel 173 7 é 6

8.4 10 6.6 186 213 32 8 41
c 7.9 35 6.7 20 149 14 10 i8
D T 50 6.5 5 113 21 9 6
B Se8 i5 6.4 5 o8 40 7 18
F 9.0 25 G.2 20 263 62 1L 2¢
G G0 5 6.2 10 165 2 2 6
H 8.9 20 6.4 5 128 21 10 18

Mean Lele® = = = 8,55
Mean pH = = = = B.44
lMeen %0 - - - 162.00
Mean P,05 =~ =~ = 8.50

Fertility Index - = 11,790




- meen oy mlfo

: . 30 S W ; i . ......................................... una
b i2iESnanazelEnzan Ranga amng |
i i o

SRS LE s s Hip =274

'm?mﬁéééiii%"fi@de&i"”7"ii;#é6mf”“

E ......
..... A st [
i




Fleld

3

B R Oy HEH Q@ 95 H U o W

FARM: L/8
LeI.%Z D% pH
7.2 40 6.0
749 5 5.7
848 65 5.8
7.2 40 6.1
8.1 20 6.6
Bed 30 5.7
7o 5 6.5
7e3 30 6.7
869 70 Gel
7.5 20 6.6
6.9 60 6.3
7.2 40 6.8

Moan LeleZ =

Mean pH -

Mean EKp0 -

Msan PzO5 -

Fertility Index

D%
15
40
30
10
30
40
256
40
10
30

60

(12 samples)
K0 DE Byo5
375 104 19
335 82 21
150 i8 17
165 10 15
180 2 20
193 5 14
168 9 22
88 52 17

78 58 18
140 24 22
150 i8 14
193 S5 22

- 7,75
= Be24
= 184.00
- 17,90

25,500

L0&

(57}

17

17
11
22
22

33
22
22
22






Fleld

B @ =9 B o o o

FARM: L/9
LeI.# DZ  pH
8.0 15 643
8.6 20 6.7
8.2 B B
749 89 - 8.1
8.3 B 6.2
847 25 6.2
8.2 B 8.4
7.9 20 5.7

Moan Lele# =

Mean pH -
Mean EKpO -
Mean Pz 05 -

Fertility Index

10
40
10
10

15
40

(8 samples)

K50 D% Po0g
78 i8 16
60 37 18
50 47 9
66 30 22
93 2 22
108 14 17
103 8 25
200 110 16

- B.256

- 6,20

- 95400

- 1810

- 14,180

/0

D%
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Meld

=

- PR T e R - B R

FARM: L/15
Iaia® D% " PN
945 50 6e5
849 15 6.4
De3 40 Gel
844 15 8.4
79 45 6.4
845 10 6.8
9.0 20 6.6
847 5 6.6
77 55 645
845 10 6.4
8.8 10 5.9

Moan Lele%

Mlean pH =

Mean  KpO

Moan P50g

Fertility Index

o o R

[0

30
15
15

40

(11 samples)
K0 DZ  PyOg
98 34 5
3656 146 8
165 11 9
03 38 9
08 34 8
108 28 12
128 14 2]
103 3l 9
128 14 7 i B
140 6 :
213 43 12
- 865
- 642
- 149,00
- 9,00

11,600

22

44
11






Field

H O @ W H o o o

FARM3 L/16
LeIe# D%  pPE
75 50 6.5
Be2 5 Ged
79 25 6e4
Be6 20 6.8
Be3 0 6.7
De2 58 6.7
Be7 25 6.7
7.9 25 6.6
B.4 5 645

Mean LeIe%
Mean pH =
Mean K50
Mean  P,0g

=

10
15
15
15
10
10
10

Fertility Index

(9 samples)
K0 D By0g
128 6 io
113 17 7
263 93
165 21 2
173 27 8

83 39 5
103 24 5
iis 13 8

78 42 10

- 8430

- 6,569

- 136,00

- 8.2

9,160

Y






Pleld

EH & =2 H WY a '

FARM: L/20
Le«ls# D pH
8.9 15 85
7.4 20 8.5
8.8 20 8.3
Tek 0 Bel
7.5 30 6.4
70 | B 6.2
743 15 Be3
648 20 640

Mean LeIe%
Mean pH -
lMean K50
Meen 9205

e

-

Fertility Index

(8 samples)
B0 W
168 8

o8 37
188 19
145 7
140 10
165 8
165 6
185 ig

- 7.0

- 6,30

- 156600

w D28

- 10,250

Po0s
l?
6
g

13

i2

216
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Fleld

H M @ =H H 9 o o

FARM: L/21
9 Y 4 D% pH
Tel 20 6.5
77 20 5.8
6.6 58 5.5
8.3 60 6.0
649 35 63
6.9 35 6.2
7.4 0 6.1
7.3 5 67
8.3 60 €.3
Moan LeIlef -
Mean pH =« =
Mean K,0 -
Mean P,05 =

Fertllity Index

30
30

10

10

45
10

(9 samples)

K0

63
140
260
240

60
175

78
2256

D%
87
5
i i
63
59
19
40
47
53

- 7.38
- 6 015

147.00

- 8.4’5

9,180

P2 Os5

A&

100






AA0

FARM: L/23 (10 samples)

Pleld L.t DL PR DE KO0 BE PO, PZ

29
A 8.0 35 6.0 10 193 41 6 5]
B E47 5] 6,0 10 385 180 8 40
C Q.1 30 6.4 20 140 2 S 47
D Bed 20 6.3 36 140 2 & 5
B 8.9 20 62 25 113 ar 9 58
F 9.2 is 6,7 18 7o 47 S i2
G 8.4 10 5.8 10 o8 28 7 a5
H 8.7 S 5.6 25 60 58 4 30
I 7.9 40 5.7 16 66 82 5 iz
J B85 5 509 0 Jo8 21 4 30

Meen Lelef = = = B.60
Mean DPH = = = = 5.90
Mesn Eg0 = = = = 137.00
Mean P205 - = = 5,70
Fertility index - = 6,720







Field

@ B 6W v a w

FARM

L/24

Lele%

8.2
77
8.1
8,0
7.4
845
7.9

10
20

40
30
45

Mean

D%  pH

5.2
5.8
6.2
5.8

6.0

5.9
5.8

LaleZ

Mean pH -

Mean
Mean

Fertility Index

K50
Py0g

D%
50

35

15
10

(7 ssmples)

K50
1756
140

ile

128
108
78

374
44
16

2
19

6
11
35

8400

- 5.80
- 121.00
- 7.85
- 7,600

Po0g

commoot:mm

A2

/4

24
40

NV NV v W
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FARM: L/25 (11 samples)

Pleld IeIe% DY pH DX KO0 DPE P05 DF
A 9.1 40 5,6 50 140 16 9 10
B 846 10 5.8 38 140 16 6 25
¢ Be3 5 6.0 15 280 B 8 0
D 8.9 3a¢ &2 o 3¢ 4B 8 0
E 748 36 7.0 B6 148 18 12 50
F 8.4 g 6.8 25 28 b6 10 285
¢ 9.3 BE 6.5 B 88 47 8 0
H 8.5 5 8,4 15 260 6 7 13
I 7.9 50 6.2 o 75 56 5 38
J 7.7 40 6.0 15 150 10 10 25
K 8.2 14 . 8.2 o 125 =5 7 13

Moan LeIaf = = = B8.40
Mean pH = w520
Mean K20 - - ~ 167.00
Mean PpOz ~» = = 8.7
Fertility Index 11,450
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APPENDIX 4f(a) -~ = = Soils. (main)

The following tsbles show the results of anslysis
of samples from the main experiment at Dunraglt,




Fleld

M o @ % =35 9 a w

FARM:

D/

TLisTa®

Mean
lYean
Mean

lean

Tel2
76
70
76
648
Te3
Te3
Te7
6eS

LeIo%
PH

K50

Pols

-

Fertility Index

(9 samples)
pH K0
566 lo8
5.7 128
546 150
563 168
5.6 173
6,0 88
569 108
5.9 98
5.9 140

- 72
- 567
e 129
o 13
- 12,074

22

Po0g

18
20
S
15
13
14



Fleld

b3

A a4 H H @ 5 5 U Q@ '

Mean

LeIe%
9.3
8.6
8.8
8.1
7.5
X
8.1
7.4
7.9
8.3
8.1

y A
PH

K0

P50g

Fertility Index

PH

5.2
5.3
5.5
5.5
4.9
5.0
5.6
5.5
5.4
5.4
5.6

(11 samples)

8.2
5.4
225

12,900

Kp0
173
240
365
260
343
445
165
150

118
118

Ay

P05

10
10

10

m A I 3



Fleld

H H @ o9 H u @ B »

FARM: /3

) 7005 U, 4

8.2
9.4
8.7
7.5
7.
840
7.3
8.2
8.4

Meen LeIe%
Mean pH
Mean K0
Mean  PyOg

Fertility Index

pH

6.0
5.8
5.5
8.7
5.7
5.8
5.8
5.9
6.0

(9 samples)

0

185
165
145
173
260
518
213
108
140

8.1
5.8
212

13,736

429

Po0g

A P O o O ;M

0



Fleld

H @ %5 H U o o =

FARM: P/6

Mean

Tele%

8.4
9.2
843
79
Te%7
8.6
7.8
845

LeIe%
pH
K50

Pp0g

Fertility Index

pH

6.0
5.1
5.3
6.0
6.2
6.2
6.2
5.7

(9 samples)

K50
343
185
108
218
225
173

1656

8.4
5.8
198

14,740

230



Field

= & = 5 O a

FARM: B/1L

LeIe%
842
7.4
7.8
849
7.5
8.1
9.0
846
749

Mean LeIef =
Mean pH -
Mean KBO =
Mean  Py0g -
Fortility Index

PH

6.2
6.0
5.9
5.3
5.4
5.6
6.2
5.8
5.3

(9 samples)

K0
408
300
283
185
328
265
173
1656
173

7.9
5.7
253

13,990

231
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APPENDIX 4(b)e =« = « Scils(main)e

The following tsbles show the Pesult of analysis
of soill samples from the main experiment at Carse of
Stirling.




Fleld

H w a

a4 H B o w

T ARM3

c/x

Hean
Mean
Maan

Mean

Fertility Index

LeXle?
9.2
9.6

11.0

10.3
Oed
9.7
9.3

10,1
9.6
9.7

, 5%, L 4
pH
K50
Pp0g

PH

6.0
5.8
620
5.7
5.9
8,1
5.8
8.2
6.0
5.9

(10 samples)

%y 0
250
218
240
253
185
275
200
240
173
213

A 33

0
or

M N & & P UG G W



Field

#H U o w

P & MO M

TARM: c/2

Mean
Mean
Meoan

Mean

8 X 4
8.7
7.6
8.0
6.9
74
7.9
8.3
7.6
9.0
3.6
7.8
8.4

LeTo%
pH
Ka0
Py 0y

L]

Fertility Index

pH

646
5.9
6.5
63
6.5
7.4
6.5
6.9
6.9
6.8
6.9
6.3

(12 samples)
K20
218
173
320
200
185
263
1685
185
200
173
213
240

8.0
6.6

2L

15,190

2 34

Po0s

m:h-fgmo:cnm



Field

M @ WM +d4 O a o

Mean

Fortllity Index

740
5.9

Lels?
pH
K,0

PQ 05

PH

6.3
6.5
5.9
5.8
7.0
6.0
5.9
6.1

(8 sarples)

K50
260
253
120
168
150
200
213
150

746
6.2
189

7,180

935S

Po05

> O & W

14



236

FARM: ¢/4 (9 samples)
Field LeLe% PH K,0 P50g

8.0 6.5 185 T
B 7.6 6.9 128 6
c 8.3 5.8 260 8
D 7.4 6.6 150 3
E 7.0 6.3 118 5
¥ 7.7 8.7 140 6
G 6.9 5.0 08 &
H 8.7 6.2 173 9
I 7.8 6.0 263 11

Moan Lelef = = 77

Mean pH - v 6.2

Mean K50 - - 168

Mean  Py0y - - 7

Fertility Tndex - 9,050




Pleld

2 v a 6 &

oo =

FARMs

c/s

Mean

8.0
7.5
6.8
Qa7
6.8
7.4
7«6
8.6

Lolﬂ.%
pd
X0

-

PQO5

Fertility Index

PH

5.9
5.8
6.3
5.9
6.4
6.0
5.8
6.1

(8 samplas)

0

173
240
320
200
213
165
118
128

7.8
6.0
194

9,080

A37

2505

gmmmb‘m
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APPENDIX 4(e)e = Soils(main)e

i
i

The followlng tsbles show the results of analysis
of samples from the maln experiment at ILintrose.




M.old

&

N @ =3 35 oo

FARM: Ia/_'@

) 7 N, 4

8.2
843
8.2
8,9
843
8.5
8.2
8,0

Moan Lele =
Mean pH -
Moan K20 =
Mean  PpOg -
Pertility Index

pH

63
8.5
6.2
Gald
6.2

(8 sarples)

KBO
93
83
50
60

105

165

108

173

8.2
6.2
104

15,340

289

16
17
10

37
18
25
13



LYo

EARM:  L/16 (9 samples)

Field Lelef DpH E,0 P50,
A 7.5 Ged 140 12
B BeS 6.4 108 8
c 7.5 6.3 168 5
D 8.8 6.7 168 8
E 8.4 €5 120 10
F 8.9 67 28 8
G Sed 6.6 2490 5
H 8.2 6.7 128 5
I f.1 6.4 63 7

Mean LeT.% - - 8.3
Mean pH - - 6.5
Mesn  K,0 - - 137
Mean P205 - - 8

Fertility Index - 9,090




T

m o O

e

fen

Mean
Mean
Mean
Meoan

Lela®

PE
K.0

Fertility Index

pH

Ees
Ge5
Gel
6ed
6.1
Ga2

LA

6l

(8 sampies)

178
168
175
225

7.1
6.3
183

10
11,870

24/

Paly

l:mmk;cc-q-a
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FARM: L/24 (7 samples)
Fleld LeIa? pH K,0 Py05

A 8.5 5.4 165
B 7.5 8.0 165
G 8.0 Bal 145 3.0
D Be2 5.8 113 8
B 8.0 5.9 128 9
P 7.9 6.0 113 12
G 8.1 5.8 o8 9

Moan Laled = - 8.1

lean  pH - - 5.9

Mean K0 - - 132

liean Pz'}s - - 7]

Pertility Index - 9,620




Fleld

b=

H & H H @ 9H 8 g o W

FARM:  I./2B

LeIe%
D63
8.5
845
8.9
Bed
8.2
&e6
9.7
8.2
74
7.4

Mean Lele% -
Mean pH -
Mean K50 -
Mean P205 -
Fertility Index

PH

5.6
5.7
5.9
6.1
6.7
6e5
6.5
6.5
6.3
6.5
6.3

{11 sampies)

1120
165
140
2256
260
140
185

260
113
200
145

B.4&
6.2
177

11,890

Py 0g

l:l-'
o <8 o ® © o © I ©® @
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APPENDIX B,

Graph showing conversion efficlency plotted
againgt level of self sufficlency. Pillot experiment.
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APPENDIX 6,

Graph showlng conversion efficlency plotted
ageinst fertility index/1,000s Pilot experiments




Lhe
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APPENDIX Ts

Greph showing self sufficlency plotted against
fertility index/1,000. Pilot emperimente




| € 8 20 22 24 26
F.I./1,000
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APPENDIX Se

Graph ghowing corrected conversion efficisncy
plotted againegt corrected self sufficiency.
Pllot experimente.

2 SO



Corrected S.S.%

0

3
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APPENDIX De

Graph showing conversion efficlency plotted
againgt self suffleclency for five farms atb
Dunragit.

Mein experiment.
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APPENDIX 10

Graph shewing converslon efficlency plotied
againsgt self sufficiency for five farms on the
Carse of Stirlinge

Mein exporimente
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APPENDIX 1le

Greph showing conversion efficiency plotted
against self sufficiency for five farms at Lintrose.
Maln experiments
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