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HORSE AND MECHANICAL POWER
IN FARM OPERATIONS

Bv B. A. KEEN, D,Sc., F.INsr.P.
ljtittant- Dircctor Rotltanrtcd Exprincntt l Sration

Tar advent of mechanical power oD the farm began in the middle
of last century, when steam-power was first applied to cultivatioo.
Tbe agricultural Press of that period-particularly the Journal o.1f

tbc Royl ,4griaitural SotietS-bears much evidence of the high hbpes
eotertained for this innoyation. The-enthusiasm was not wirhout
reason, for everything poiored to a long period of abounding
prosperity io agriculture; in fact, the decade 185z-1862 has since
beeu known as " the goldeo age of English farming." It was
succeeded only too soon by the great depression that began in the
late'seventies, and it is significant that steam cultivation weathered
this period of stern trial, and still remaius to-day an established
practice, But its stiuggle for survival clearly showed that its true
position was an adjunct to, and not a substitute for, horse labour.
Steam-power came to stay as a valuable aid in rapidly breaking
heavy laud in the autumn, aod for deep spring cultivation-especially
for crops like potatoes, that respond to a deep tilth.

In more recent years the internal-combustion eogine has
rapidly extended itrto agriculture, and the situation that arose
vhen steam-power was iotroduced has emerged again, only in
an intensified form. In the first place, the petrol or oil eogine
is a lighter unit than stean tackle; it is thus more comparable
to the horse for crdinary farm work, and its cost permits the
average faroer to purchase it, whereas he must put his steam
rrork out to cootract, with the tisk that it u,ill oot be done at
the most conveoient time. In the second place, the ioternal-
combustion engine has revolutionized road transporr and h4ulage
methods, aDd may do the same for farm haulage.

The latest ioformatioo shows rhar the use of power for all
purposes is steadily, or rather rapidly, increasing on the farn,
in spite of the great depression of the past years: the extent
can be seea from Table I., taken from Tbc lgriculnral Out2"t of
Etgland and Walcr, 1925, published in t9z7 (Cmd. 2815. H.M.
Stationery Office).
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8 POWER AND CUI,TIVATION
TABLE I

NUMBER OF AGRICUL:TURAI ENGINES RETURNED AS USED IN :

-Tr9o8 I
r9t3 t925

1a) Fixed or Portnbh-
Steam.
Gas .

Oil or petrol
Electric

(b) Maor tratTor!-' Field work .

Belt work (onlY) .

8,@o
92r

6,gt t
46

7,719
r,287

ft,t34
z6z

.::

3'731
r,r25

56'7 ++
700

4,565
zs16

The returns were voluutary I it is estimated by the Ministry

of Apriculture that these represent about 75 Per ceDt' or tne

"oninE 
in use. The increase in petrol engioes is very great'

^nf, 
ir f", more than the decrease in other torms' Agaro' there

;;;-,;; f.* ,.u.,o., to be recorded in l9I3; iD. 1925 there

ri/ere more than 16,5oo. It is evident that the internal-combusttoo

;;;;;';"t .or. i1 t,uv in agriculrure, and our task io this

Colfereoce is to discuss to what extent it seems likely to rePlace

il;. and to outline, oo the basis of our present experience

,oa iofotrn"tion, those directions iu which further improvemeots

are needed.-'' ii" toUi"., is twofold ; it involves both technical and fiuancial

."^;i;"-,i;;; and, although they are so closely .interwoven io

oractice. it is better for discussion to seParate them as rar as
tr".ri 

"l ""a to rake the fiuancial side 6rst We have much

iri--"ii*'1...r own farm records at Rothamsted' that Mr
C;;;; h". kindly summarized for me, and variols departments

J"nri."liur"r ".6oomic, 
in the country have williogly given me

;d;i;;;i ;;," from their own detailed costiogs investigations',

Th;- fi;;r"" are in general agreement' ard Day be taken as

..r.oo"El, close estidates of the costs of tractor aDd horse

;;;;l on the rypicat mixed farms where the arable area is

rli r"ir ,t "" ao p". iLo,. of the whole, and is usually more.'
"-' il"ilil.."!iaLting the costs of different operations-e6' Pl9'ghilS
*a.riii*ii"g f *ith"either the horse or the tractor)-it is desirable

;;; ;;;i;'.;i;? ',t see the geoelal average cost for all w-ork. with

each form of power. We will take horse-power hrst' ln theory

lMv thanks are due to Messrs King (Edinburgh), Thomas (Reading)'

Vcnn (6ambridge;, and ltryllie (Wye), for helP 
'nd 

inlormatron'
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this.is simply obtained; it is only trecessary to obtain the total
yearlv cost of, food, depreciation, shoeing, virerinary ,".";;;. ;":.
less _a credit for manure produced, aod to divide tt'i. Uv tf," toui
number of hours that the horses worked, to "rriru "t tlu .ori oi
a- horse-hour. In practice the estimariotr of this figure l. oor .o
simple, as there are many interlockiog costs, the fair-apportionmenr
of which is difficult, if not impossible. Fo. this r""son'the p.afiic""
of ecooomists engaged in agricultural costings vary. In some cases
" stable labour" is not charged; in others, depreiiatioo and reoair
of implements is not included, and so ou. The Egures in Table'II.
have. beeo obrained from several sources, and iodi6ed to brins
them as far as possible to a coromon basis. They are the averase:
for a small number of farms in each case.

TABLE II
COST PER HORSE-HOUR IN PENCE, EXCLUDING IMPLEMENT

DEPRECIATION AND REPAIRS

POWER AND CULTIVATION

S.E. Eagland

6:ls

Eattzt n Countict

5'I I
s'33
s',56

+'62
5'08
4'9+
5'95

Tbese figures refer to widely different soil types and croppiog
systems, but are sufficiently close togetber to make the average of
some sigoificaace, The somewhat high figure for our own farm
is explained by the presence of several hundred experimental plots.
Although the accouots for these are kept separate fiom the normal
farm operations, they have to be worked by substaotialll rhe same
staffaod farm equipment. This arrangemenr is br,rth ir,evirable aod
costly, not only for the experimental plots bur the rest ol the farm,
and it is surprising that the 69ure is nor much higher,

The origioal figures for the Eastern Couoties iocluded implement
repairs and depreciation, and as the cost of this was not given
separately, the rouod sum of 1d. per horse-hour was deducted to
give the values io Table II. ; our own figure was 3.44d., and seemed
rather too high.

It appears, therefore, that a fair average cost per one horse-
hour is about 5ld. This figure includes colt of food,less credit for
manure produced, cost of shoeing, veterioary service and medicioe,

I Includes much hir.d horse labour, which is notoriously expensive.

A2

1923-tg2+
t924-r925
t925-t926
tgzcrgzT

Tcar
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IO POWER AND CULTIVATION

harness repairs and depreciation, attcndaDce, depreciation ol ,the
horsesi it does not include implement rePairs -aDd 

dePrectatloD'

."".i"1" "r"tlr*a 
charges on buildings aud managiog expenses' and

of course the man's wages are excluded except that Portiou comlag

in uoder attendance charges."' -ii" r"*, step is to ibtain a similar 6gure for the tractor, and

this is more uncertaio, as few costings have yet been made' In
Table III. are some collected results.

TABLE III
COST PER TRACTOR-HOUR, EXCLUDING IMPLEMENT.

S.E. Englaad

rg22-1923
1923-r924
tg2+-1925
ry25-t926
1926-1927

36i
J)
33
JJ
33

These fisures ioclude tractor depreciation, fuel aod oil, repairs,

and a few su'ndries, but do not include imPlement depreciation and

repairs and driver's wages, except in the Rothamsted 6gures, where

thl commissions paid ro the farm-hand acting as tractor-driver are

included, and amount to just Io Per ceot. of the total cost Per
tractor-hour.

A fiqure of 1s. per tractor-hour is probably not far away from
the averige cost;although io the figures from which Table III. was

construct;d there were,lust as in Table II', very wide variations io
cost from farm to farm.

However, oa a reasonably equal basis of comparison, we may say,

with fair accuracy, that a horse-hour costs 5ld. and a tractor-holir-' 3!.,

-or 
Dearlv seven times as much-and to- this must be added the

di{ference 'b"t*""n the hourly rates of wages for horsemen aod

tractor-drivers.
This comoarison is based oo the total work of all kinds that the

horse and thi t.acro, perform on the farm, aod too much weight
tnust Dot be placed on ir. It has been arrived at by a drastic Process
of averaging, aod it iocludes not only widely differeot types _of work
but dife-ren-t systems of agriculture, and varying degrees of skill in
maoaqement. Still, as a general over-all figure, it gives some

precislon to the comparison of the two forms of power.

DEPRECIATION AND REPAIRS

28
3r
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POWER AND CULTIVATIoN II
The next information desirable is the relative costs of tractor and

horse for the same kind of work, A certaio number of comparisons
for work on the same farm are available. These are collicted in
Table IV. on a basis of costs per acre, and include also some tractor
figures for which horse-figure comparisons are not available.

TABLE IV.
COST PER ACRE FOR HORSE AND TRACTOR,

INCLUDING WAGES

So4l EaJt

Ploughiog-
Horse
Tractor.

Cultivating-
Horse.
Tractor.

Harrowing-
Horse .
Tractor.

Rolling-
Horse
Tractor,

Harvest-
Horse.
Tractor.

201-
r 519

r16
2lr

216

3t6

116

3t6

4l
4t5

3lt t
218,2lt
316, 4l7L

Here again, although there are appreciable variatioos, the general
run of the figures is suficiently close for our purpose, and we may
now proceed to discuss the bearing of these costings figures on the
technical and practical questioos.

The first questioD that arises is an obvious one: Is the tractor
likely to replace the horse as the maio source of power io British
agriculture ? At 6rst sight it appears equally obvious that the
aoswer is a definite negative, sitrce from Tables IL and IIL we
have seen that a tractor-hour is seven times more costly than a horse-
hour. But the guestion is not so simple: the cost per hour is
decreased if the number of hours worked is increased. At present
the tractor on the average farm is used for 3oo to 7oo hours per
year, while the horse puts in at least tToo; so there is ample
opportunity for reducing the cosr of a tracror-hour, if the practical

(r 875), r r
tglro, t4lro, t712
t4t6, ttltt, Sl- t3t7

316

it+
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12 POWER AND CULTIVATION
problems of using rhe machiDe on the farm to a greatly increased
ixtent cao be solved. [n addirion to this there is the certainry that
rhe preseot-day running costs of a tractor will be reduced by
improvements in design aod by better care of the machinery. The
disiribution of the charges over the various items shows that, at
present, fuel and oil account for about 50 pe! cent, and repairs and
depreciarion for 50 per cent. Beyond remarking that this indicates
the responsibility for improvement, which lies equally on thc
manufacturer and the user, we shall aot discuss it further, as other
papers will deal with both these matters in detail. However, the
improvement already achieved is shown by rhe two figures for
S.W. England in Table IV. These were obtained ou the same farm.
The higher cost-(in brackets) refers to a tractor workiog during
1922-1925, and the lower cost to a present-day model,

The second question thar arises is: Assuming that the tracror
is to be used mainly as an addition to horse labour, in what directiou
can it best help ? Table IV. gives important iqformation: the costs
per acre in ploughing are appreciably cheaper with the tractor than
with horses. In all other operations the tractor is dearer, but it
need not necessarily be so. Ploughing is cheaper because the
tractor is working at or near its maximum capacity, while in the
other operations its load is too Jight. IJnti.[ some mechanical genius
builds an extensible tractor on the ,'unit " principle we must aim
at iDcreasi[g the load. The farmer can do this to some exteqt with
his existing implements. Two biuders cao be hauled iu tandeur,
harrows can be hitched behiod cultivators-if the condition of th.
ground permits-aod so on. But these are makeshift arrangemeots,
for the setting of the froot implemenr has often to be altired be-
cause of the drag behind it, and a wider headlaad also is needed
for turning. There is scope here for the implement maker.

Up to this point we have based the comparison of horse and
tractor work eotirely on costs of operations. But the great ad-
vantage of the tractor is its power aod speed, and its ibility to
vork for long periods. It enables rush periods to be dealt ryith
so that the work cao be kept well ahead. The results are re-
flected io the 6nal yield and the financial returns, but it is almost
impossible to manipulate the figures to show tbe part played by
the tractor. IJafortunately, in our climatic conditioos the farmer
kuows only too well the results of a shorr enforced delay at a
cdtical period, aod has oo doubts whateyer about the advantage
of being well ahead with his work.

This aspect can best be seen by taking a few rypical examples:
'ral zlutumn C liuation in Dr1 Weatbtr.-The important operation

of stubble-breaking in these conditioas ofteo necessitates adding
extra horses to the team, thus slowing up tie harvest aud carting.
The tractor easily deals with the v,/ork.

https://creativecommons.org/licenses/by/4.0/
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POWER AND CULTIVATIoN 13
(b) ,4utunt Cuhivatioa in Wa Weatlter.-On heavy land in a wer

autumn speed is essential if the work ;r t" U" aoo"' O"iL."' ..,-ioi".
sets in, The tractor caD work the bioder at high speed aal?r
loog hours, settitrg free horses for carriDg and .uffiu",lin.. --* '"

.@ Sprr"C Cultfuation.-After a ,wei wioter,- and in a rainy
spring, the intervals betu'een a sodden state of the s"it noJ u
coodition too dry for proper workiag are very short, und .oo.ia1"-
able areas have eveotually to be pulled down into 

" 
..fo..uJ,,

tilth. Th.e.tractor cao cope wirh the rush of work, thus ir.r""riog
the area of laod in good tilth.
- - 

Maoy other instances could no doubt be mentioned, aod, when
it is remembered that these advantages are also given by a machine
thar oo heavy. work. compares verf favourably-wi,h (o*;;;;,
a stroog case is made out for the employmena of a tractor on the
average farm.

In addition to cultivation and harvestiag work, the use of
mechan_ical power on the farm will certainly increase. This is
especially true ofgeneral haulage work, both on and outside the farm.
The actual costs of this work caa be well iLlustrated by a recenr
example. An Eastero Couoties farmer has kept careful fioures
and finds that collectiog sugar-beet off the fiell, ."r,ioe "o';"i;road to a sration one and a half miles away, and unlo;dins into
trucks, costs him about 4s. per ron. If there is any cons"estion
at the statioo the cost rapidly increases, aod may ieach"easily
8s. per ton. In addition to this he loses the use- of his horse's
for other work for three of the mosr imporranr moDths of the
year.

Some form of tractor that will pull larger loads at a qreater
speed than horses is a self-evideot alternativi. This imptiei some
easily fixed form of road-bands for the wheels or, altirnatively,
easily removable strakes. Increased speed is also desirable, not
only for road work but for cultiyations as well. W'e have shown
at Rothamsted that the soil resistance iocreases only slowly for
a considerable increase in speed of working. Hence,- there would
be a further economy in land work if the tractor were desiqned
to run at iocreased speed. Obviously some other factor m"iqht
have to be sacrificed, or reduced, and the designer would hive
to make the best compromise, remembering that i workiog speed
undesirable on purely technical grounds may have very disiinct
Practical value.

Any advaoce of this oature also concerns the implement
makers, since the proposed speed of an implement is one of the
many factors to be taken into account by ihe designer. In fact,
the general problem of tractor-implement desigo and construction

-at first necessarily au adaptatioo of existing horse implemeots-
can hardly be regarded as solved. They ire designid largely

https://creativecommons.org/licenses/by/4.0/
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1+ POWER AND CULTIYATION

as seDarate units to be hooked on to the- dr^w-bar-; they. are

;";5-;;;;;;t, and in no sense ao integral part of' the machine'

Ti".] " "..p"'here 
fot improvements, and at least one form of

i':;;;';.-;;; oo tbe market desigoed for c6upling direct on

I;";'i;;".. The advantages of eisier control by the driver,
nliti,u ," do neater work. and saving of sPace at the headlands

*.ruli be fullv aPpreciated by rhe farmer'
It is but a ihort step in theory from a series of cultivation

imolements that are definite attachments to thc rear of a tractor
to'a sinale tillage machine that will produce a tilth at ooe

oDeration: Much work is being done on rotary cultivation iq

"i "adeauou. 
to solve the maoy Practical problems of soil tilth.

'We shall oot deal with this; ir is the subject of another paper

to-day, and our own experiments have already been discussed by
the writer at an earlier conference on Cultivation. One aspect,

however, must be mentioned. A rotary cultivator and its engine
form a single machine, aod ahhough it could do belt-work also,
it could not in its present desigo perform haulage work, and

serve as a general-purpose machine to the extent that the tlactor
does-

The directions in vrhich mechaoical power will extend on

the farm in the immediate future are unmistakable, and the salient
features of the machine and its accessories can be written dowo:
a tractor of ro-2o or r5-3o h.p., weighinS -about 30 cwt, fitted
with a belt pulley and i power take-ofl for direct driving of
binder machinery, etc. i a range of cultivation implements' aot
simply hooked oD the draw-bar but properly ioupled and closely
undii the driver's control ; the maximum speed consistent with
reliability i strakes easily and quickly removable, or covered with
a band fbr road work (or possibly some form of caterpillar tread);
and, 6nally, general reliability and a long working life.

To usi such a machine to the best advantage is the farmer's
task, He must give it the same attention bestowed as a Eatter
of course on hii horses. He must so arrange his horse and
tractor vork that each gets the tyPe of labour for which it is

best fitted, and, above all, he must exploit to the full the capacity
of the tractor to do heavier work thao horses, at a greater sPeed,

and for a loager time.
Fioally, investigation is urgently needed on such matters as

deep ploughiog, subsoi)ing and rotary tillage. The tractor has
plaied- thJ oeios of doing these oPeratioos at our disposal, but
*e have verv little information iodeed about the best methods
of doiag the'work, the most suitable designs of implements, and,
above a'[], of the efect on the soil-which, after all, is the most
important thing, This forms an important part of our work
at'Rothamsted; Wc are srudying in the laboratory aad in the
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POWER AND CULTIVATION t5

6eld under practical conditions the problems of soil tilth, on
which developments of the above nature musr be based.

Io this brief reyiew of the subject the endeavour has been
made to compare and cootrast horse and tractor vork on the
basis of actual performance alone, aad the evidence leads to the
defoite conclusion that mechanical power will, oo its medts, play
an increasing part io our farming operations.

There are two other facrors that will in all probability accelerate
this process.

The first is: market for draught horses is rapidly diminishing with
the greatly increased use of motor transport, aod we seem to be
withio reasonable distance of the time when the farmiog community
itself will be the only buyers of horses.

The second point is perhaps more debatable, but ooe wonders
whether the traditiooal oethod of Deeting bad times by takiDg
land out of cultivation and laying it dowo to grass is going to
survive the great development of the cheap imported-meat trade.
Frrmers met the competitioo of imported wheat in the 'seventies
by layiog land down to grass i they may be compelled to meet
the competition of imported meat by maiotaining their land in
arable crops, in which promineoce will be given to semi-market-
garden crops, for which there is, throughout the country, a large
aad increasing demaod.

THE DESIGN OF A GENERAL-
PURPOSE TRACTOR

Bv H. G. BURFORD, M.I'A.E., M.I.Mech'E.
S. HanPtcad

Berore dealing with details bearing on the subject of the " General-
Purpose Tractor," I rhink it would be of value to review the de-
velopment of the Tractor industry that has beeo steadily taking place
during the last two or three years. Ilnfortunately for all interested,
the agricultural iodustry io this coultry has gooe through very
dilficult times, and the general position is ooe of great a[xiety.
'Whilst countries on the Contineot are steadily developing the use

of the tractor-coveriog very wide fields of activity, aod absorbing
them in large numbers-the home requirements are very small and,

again unfortunately, supPlied very largely from foreigo tactories.
T1tis state of affairs is veiy regrettable, and when the demand comes

from the British agriculturist--as it is bound to do-Britain will
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