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CULTIVATION: THE ART AND
THE SCIENCE

Bv B, A. KEEN, D.Sc., F.Ixsr.P.
Rotbarnrbd Erlcr;nrn al Stalion

CsLrrvmrox in this country has reached a high level of develop-
ment. The farmer has ihe accumulated e-xperieoce of ,uiy
hu-ndreds of years on which to draw, aud this great bulk o?
information has long since been crystallized itt6 a mass of
traditional knowledge 

_ in which are hidden, no doubt, maoy
scientific principles, Speculations on cultivation problems are
found in the eerliesr agricultural literature, and, on the wholc,
progress in some form was always going oo. Nevertheless, just
as io any other art, there were certaio periods whea a great
acceleration occurred. Jethro Tull's seed-drill and horse - hoes
eventually revolutionized our cultural methods i the Industrial
Revolution o[ the last ceotury and the qrowth of larse manu-
facturing centres not ooly cauied a large-demand for i6odstuffs,
but it provided the specialized rechuical knowledge and coostruc-
tiooal skill required fbr the maoufacture of the new implements,
without which the change of farming merhods could scariely have
been eflected. A great variety of implements spraog ioto 

"xisten.ebetween r84o and 1875 to meet the more friquiot and detailed
cultivation operations necessitated by the new farming. Although
the designs were empirical aod the improvements Lased on the
6low proccss of trial ald error, exceedingly valuable work \r,as
done by the implement-irakers, in modifying the old implements
aod iocreasiog their elficiency. Yet, io spitebf this great idvance,
the esseotial nature of the implemetrts was not changed. Ilolike
the thresher and the binder, which are in no sense adaptations
of the {lail aud the sickle, the tillage implemeots of to-day would
be recognized without dilficulty by the farmer of two ieoruries
ago. He would also immediately recoqnize rhe actual operations.
We still have to undertake a long seriei of operatioDs-pioughing,
cultivating, harrowing and rolliog--to producl a titth; ri,e ai stiil
largely dependeot on rhe weather, on winter frosts, and au
alteroation of dry and moist conditions io the spring, and we are
still compelled, ia adverse circumstances, to force i tilth and be
cortent with a condition that does not really deserve to be called
a tilth at all.

Aoother significant aspect of soil cultiyation is the variation
in practices in different parrs of the country. A good farmer
moviag to aDother distric has little real dilficulty in idapting his
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8 CULTIVATION
crop and stock manageme[t to the new conditious, bot some time
passes before he {eels thorougbly at home with his tujtivitions.
He 6nds not only that thc operarions are modified fom thosc hc
formerly used, but the implemints differ in design. ft is iostructive
to count up the variety of ploughs listed by iny large implement
firm. Even when every allowance is made for unimportant
variations in.design, the -nrmber of types remaining is surprising.'To my mind it shows either that ploughing-the basic oieration
of all cultivation-is a yery co_mlplex businiis, or else that there
is still. scop.e for further- standardiiaiion of-a fe_y_-types.qf .plCughand the elimioation of the remainder. It is poasibl;, lndid
probable, that both conclusions are true, but at- preseni hardly
aoy data exist on which a rcliable opinion could be based. In
spite. of our- wide practical cxperience, we know.little or nothing
of-what really happcns to rhe sbil when it is ploughed or cultivatedl
We can recognize the 6nal effects, ccrtainly, and, from experience,
we havc found out how ro arraoge our operations so that there
is-a good^ chance of securing these illects oi any reasooable degree
of modification. But, cxcept in a very geneial and iocomp]ete
way, the explanation of how the efects are produced and, indeed,
the causes of tilth still escape us.

Altholgh we have made little real change in the fundamental
desigt of cultivation implements in the .last &ntury, improvements
have been effected in important details that have resulted in better
work and a dcfinite reduction in draught. Had the cost of labour
remained the same we should be tilling to-day more cheaply.
But labour costs have increased to an extenr that more than odets
this _ad-vantage. Tillage is still the most costly single item iD
arable farming.

It is evident that there is a sound case for systematic inquiry
into cultivation matters. There is uo reason to assume that we iave
reached finality either io implements or methods, and, even if there
were, the important question of reducing tillage cosrs is still await-
ing exploratioo. The necessity for inquiry iJ not of recent origin,
so it is significant to 6nd thet there are verv fcw tillase exoiri-

'ments recoided io the literature. Those foun'd 
"re 

ulrnoit eoti.ely
of American origin. Agricultural reachers and investiqators are
compelled to refer to them, and to assume that the c-ooclusions
apply unaltered to conditions io this couotry, Those who have had
the opportunity of comparing British and American implements and
methods must have the gravcsr doubts whether this issumption is
correct. IJnfortunate)y, owing to rhe absence of adequate culri-
vatioo experiments in this country, the assumptioo remaias, neither
controverted nor coofirmed.

There is a most instructive comparison in this coonexion between
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CULTMTIoN s
tillage aod artificial fertilizers, Whereas tillasc exDerimeots are few
ard far between, there have been innumerablf manurial experiments
during the past seventy or eighty years, and there is no sign of their
numbers decreasing. - The advances in soil chemistry assoc"iated with
Lawes aod Gilbert fbrmed the basis of the Iield trials of maoures;
theory and experiment mutually aided each other, and in a compara-
tively shorr period a science oi manuring was evolved. H"rJin is
the esseotial distinction between it and cultivation. Artificial manur-
iog has.grown up uoder the,guidaoce and coatrol of the laboratory ;cultivation has not. It is far older than the phvsics and ohvsiiai
chemistry of soil, the braochcs of knowleage m'aiity .on.".n'"d'.

Ooly in recent years has any 
"y"temut"i. 

study-of the soil beeo
made from these aspects. The laboratory resjlts haye been so
satisfactory that for some time past it hai also been oossible to
undertake with confidence investigations under practicai 6eld con-
ditions. I shall give, with special reference to cultivations and the
problem of soil tiith, an uciount of the maio results obtained to
date by Dr Haines and myselfl and a Btatemeot of the promising
extensions of this work.

The laboratory work reyolves round the central fact thar we can-
not understand the causes of tilth uutil we have a further koowledge
of the physical properties of soil.

The first stage was to sorr out these factors aad to devise methods
and apparatus so that they could be studied singly. Such work is
of necessity rather technical in character, and foi the purpose of to-
day's conference our field iuvestigations are of more direit iorerest.
It is sulficient to meorioa that thi laboratory work includes a study
of such,factors as co}lSsioo-the tendency of the soil to form hari
clods when dry; plasticity-the ability to be moulded in the moist
state, like modellers' clay; surface friciion between soil and a metal
surface I oovement of moisture in the soil; flocculation, or the
aggregation of iDdividual soil particles into little crumbs or granules,
that characterize a soil io goodiilth. Studiesofthis kind, wHea com-
bioed with_ appropriate measurements in the Iield, are enabliog us to
uuderstaud what happens to the soil when it is cultivated. "It will
eventually_ be possible to give for any cultivation operation a specif-
cation of the soil properties concerned, analogous to those that, under
the name of ,'properties of materials,,, the engineer already has for
the metals used in the actual implements, In-the Iield much use is
made of the dynamometer, an instrument measuring the resistance
oflered by-the'soil to the passage of a cultivation iJplement. Our
first experimeots were done with a dynamometer suitable only for
tractor work. We have oow filled an important sao in our eouio-
meot by the coqstruction of a very light dynamom"et'er, suitabli flr
all types of work, from the lighte;t hirse-drawn impljmeots to the
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ro CULTIVATION
i heaviest steam tackle, Further, the records, being impressed on a

celluloid ribbon, iie permanent, aod unoff".ted by &1, iater or dirt.
- Dealing now rvith the field investigations, they can be grouped
into two main divisioos :

(r) Comparison of various alteruative forms of cultivatioos,
(z) The possibilitv of increasing the elficieucy of cultivations.
The 6rst of these two divisions may be illustrated by ao experi-

ment recently carried out ar Rorhamsred in compariag three dif-
lerent methods of preparing a seed-bed for roots. It is one of a series
that we intend to carry on for several years. The three methods
were (a) ridging, 16.; ao unridged seed-bed, (r) rotary cultivation.
To eliminate soil variations, on which I shall have morE to-Bflater,
each treatment was triplicated, so that there were, io all, uiue plots.

1 The whole area was aut umn-ploughed, after wheat, aod in Eebiua.y
. croqs-plougbcd, with r}e e-exciptio-n of the plots intended for rotary
cultilatioo. The seed-beds were plepared in May, aod immediitely
before and during the cultivations' salmples of th!'soil were passed
through a series of sieves to obtaio a measure of the amount of
disintegratloi produced by each operation. As the soil was in
excellent physical condition it readily broke dowo, hence the differ-
eoces in the three treatments were not as great as might have been
expec,ted, However, it was evideat that the-rorary cultivator left

,very few large lumps behind it, aucf furthlir,'the seei-bed griiduced
was much more spoDgy or ,, pulled up " io texture than v,ith either
of the other treatmeots. Germioation of tbs-rwede seedrr[r_earlier

io-n the rollrJ c.ult!,ation ptotr, iiia- io tilI*rty i."iir J-gi"*,f,
the plants werc definitely better and more forwdi?. Iater ou,
howiver, a striking change took place. The tendency of the
Rothamsted soil to ,, cap " or to harden dowu io the surface layers
became greatly accentuated oD rhese plots and, to judge by both
the feel and appearauce of the soil, the hard layer extended much
deeper thau with the other treatments. It is probable that rhe tend-
ency to hardening was accentuated by the deep and uniformly 6ne
tilth produced by the rorary tines, but, whatever the explanation,
the results'were very apparetrt. Growth was severely checked, the
plants fell behind those on the other plots and remained so right up
to harvest. The average yields of roots obtained io the experiments
wele :

?Normal or ridge cultivation I I.8r tons per acre
Cultivation on the flat rr.oj ,,

, Rotary cultivatioo 9.4o
These yields are well below what would have been secured by full
manuring, which was vgithheld so as not.to mask the cultiyation
differences. Atteotion is directed, not ro rhe actual yields, but to
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CULTIVATION II
the differences. The differeoce in the first two fisures is not sis-
oificant, but the differeoce betweeq either of therf, aad tf,. rot"!
cultiyation figures is 

-statistically significant. W" ttrrs t"re'ihu
stnkrng result that a torm of cultivatioo definitely superior in the
early and_presumably critical stages of growth 'prod'uces 

eerious
adverse eltects at a later oeriod-

As far as rhis siogle 'experiment 
goes, it could be takeu as dis-

prov_lDg the usetulness of rotary cultivatioo, but io mV view such a
conclusion is too drastic. It is true that in the soil and weather
conditions of this particular experimeot it failed ia a**rir", *itf,
more.orthodox treatments, but it-caD-oot be condemoed completely
on this account. It is possible, for instance, thar if the tinL; ilil
been set to produce a coarser rilth_i,a. more of a dissioo soade_like action thar the 6oe commioution 

".tr"tty 
p."aiEuJ1d"tt""

results would have been secured. It is ho#d'to .ortioo" ihi"
work in_a variety of different conditions, becauie there is somethinp
inherently strractive about the idea of rotary .ottirrtion. in?
priociple is, as far as I can judge, a sound one, aad directlv utilizes
io a oatural way the fundameotal characteristic of the inteinal com_
bustioo.eogine, which is the,production of circu.lar motioo. It may
be legitimately argued that, if our next advance in cultivation i$ to be
the production of a tiJlage nathine as distinct from a series of tillaee
,rnpkrnent!-, rotary cultivation io some form will be the solutioa, "
. I urnrog oow to the second division of the field investigations,

the elficien_cy 
-of cultivation processes may poxibly be in"creased

rn one or all ot several ways. We can modify the ioil or imrrrove
the rmptement, or, again, reduce rhe actual coCrs of cultivation.
_. Oqe oethod of nqltifying the soil is to reduce its resistance.
The.use oi furmyard i.iur8 o" gr""n -"ooru in this conaexioni
1"" b"9g kDowtr for a .long while, Our dynamometer results
show this effect very clearly. 'fhe reductioo'in draft may be as
m-uch as 20 per cent, in cases where very considerable oualitiesol- farmyard manure are added, but in 

-ordioary 
farmi;s the

reduction would be less, ahhough the accompariying 
"f"?,r'.iimproved tilth aod better water rilationship" *Loli o'f -rr"" U1

secured as well.
A second method of reducing draft that has definitelv passed

the experimenral stage and is iwaiting .o.rr"r.iul 
"rJf.ir"il""has 

-,beeo. 
devised by my 

-colleagues, Dr Crowther aod Di Haines,
as the drrect outcome of laboratory investigatioas. It has been
known for some time that soil possisses colioidal properties. 

- 
Drcrowther and Dr Haines have utiliz;tih; a;;;; i;";;;';i"#.

curreot-is passed through moist colloidal material thete i" 
";;;;_meut ot water to one of the electrodes. By iasulatiog the coulterfrom the fraoework of a plough 

"nd 
poss'iog , .;;'.";';;;i,,
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12 CULTIVATION
and making the mould-board the negative electrode, a film of soil
moisture becones deposited on the mould-board and acts as an
elficient lubricator. Field experimeots showed that a reduction
of draft was secured whenever the current was switched on, and
there is little doubt that the device could be successfully developed.
It is of especial interest in its possible adaptation to soils that-are
very difficult to work in normal circumstances and also to such
operations as mole drainage.
. A third method which has been followed up ar Rothamsred

.'for some years is the effect of chalking h"; y 1".;: ih; 
"t;;ii../ w'as €xtensively practised a icn-rury ago, but the increase in cost

of labour.has caused it to be largely abaodoned. We have fouod
from our dynamometer records that a chalking of ro to r5 tons per
acre applied sixteen years ago is still causing an appreciable
reductioo in the resistance to tillage implementi. The 

-effect 
is

a variable one: in very dry or very wet conditions it is not
marked, but when the soil is moist, reductions of 14 or r S per cent.
in draft have been obtained. Further, the chalked arei is ready
for cultivation earlier than the corresDondins unchalked strios.
This reductioo in draft has not hitherro'been g-ene.olly .".ogoirld,
and it constitutes an appreciable credit iteri to sei agaiist the
initial heavy cost of chalking. The question also arisei whether
lime in smaller qualtities would also produce a similar effect, and,
thanks to the finaocial co-operation of lime-producing associatioos,
we have been enabled this Vear to lay out some experiments to
test this point.

In dealing with the effect of chalk I mentioned that the state
of the soil affects the dyaamometer records. Iu the course of our
experimental work we have frequently observed such effects. Loose
soil, for instance, may have a surprisingly high resistaoce. Instead
of sliding smootLly ;nd in u comparatYv'ely "unbrokeq furrow slice
over the surface of a mould-board, coosiderable friction is developed,
not so much on the mould-board itself as betweerl the large
number of independent lumps of soil. lt is necessary ro allo'w
for this elfect iu the interpretation of records obtained in a field
of variable texture. In the early stages of our work we selected,
as far as possible, 6elds which, to visual inspection, appeared quite
uaiform. We_were surprised to find thai such fields o,"r" by
Bo means uoiform in the resistance offered to the cultivation
implements. Variations of as much as 50 per cent. were obtained
in diflerent parts of the field, and .could not be attributed to
differences in moisture - content nor by aDy means entirely to
variations in the anount of clay present io the soil. They slem,
however, to be closely associated with chaoges in sucli properties
as cohesion and plasticity, which were mentioned earlier as forming
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CULTIVATION 13
part- of the laboratory investigations into soil tilth. Their im_
rDedrate practical interest is in the bearing they ha.ye oa competitive
imple'lent trials or on tests of new pitteris. If thu p"i.tiiul",
field in question had been divided ui ioto strips; 

"fain-';id"aod one ot them allotted to each implement (rhe invariable oro_cedure io_such trials), differences i,i th" ariraee d;;;;;.'.i;.
records- ot over Io per cent. would have resulied, due to theso yartatloos aloDe. [t is appareot that in such a test no reliable
iDtormation would have been obtained as to the relative elficiencyof the different implements. In fact the ."i",i*-..j"i-"J-if..
rmplemeDts would have beea decided more by the chance o[which particular strips were allotted to thenr thair Uv-tf,"ii i*"t"
3"ll^1,^.1h: soil variations, 

..fortunately,. can be aicertained by
a. preyrous experiment and allowed for in interpretins the final
results.. Several years' work at Rothamsted f,"r'"fro .'t o*n itr,they do not vary trom season to season. Those interested are
referred- to TI .paper iry the Journal o/ the Rolal ,,lpricttltural
nac|dtl 0J- tltgtand, 1925, tor practical details as to how ihplemeut
tnals and.comparative tests should be.arranged.
, .Io additioq to the possibilities of drafi reduction. bv imoroved
tresrgn we must also consider another possibility of even moredirect ecoaomic. importance. This is tlie Cr;i;-.i'ir*;;;speed ot -operatioD. Our results have shown tbat, even with ourexisting implements designed for work at speeds arouad ? miies
Per hou.r, very little iqcrease in draft takes place for 'a most
appreclaL,le jocrease in speed. In the case of ploushins. for
rostaoce, an increase from.z| to .4+ miles per houi req"uirei'ooly

ll f 1 [r I, 1T f :',,;' ?[x]' .;: :]:, l'ii*,I 
" 
J,:,",'ff :i.-xj$5f ig

su8tiun th_e 7 per cent. iacrease io the drawbar pull would beaoything like sufficient to outweigh the la-rge saviog of time by
ploughio_g at a 6o per ceot. grearer .peea.' ft"-iilii'i, 'r.i. 

"rcourse, by the extra fuel needed to propel the weisht of thetractor aod by the iucreased wear and i""r. N"o"rih.l".r- it"dlrect and iodirecr advaotages of increased speed io a[ ourcultrvatio! operations are of such supreme importance that an
advance in this direction is highly deiirable, fhe onlv feasibleway !s a greater- use of mechanical power. There ha's already
been oDe successful example in the folm of steam tackle, aoithe tractor rvill,-in my opinion, provide another. It is well to
rememDer that rhe tractor in agriculture is still in its infancy,The first considerable use on Biitish f..-, a"iu, "rf"-f.r-',fi."later. stages of the war. With the passing oi ;h;;l;";-;,r;.
conditions tractor cultivation aec[a6d, uu't **r,lr-ifrli" fr"""
beeu encouraging signs of a return to f"v.ri. if,"---".ii"*

^1
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t+ CULTMTION
have greatly improved iu simplicity and reliability, and, even in
their preseot early stage of development, their value for autumn
cultivitions in both diy and wet weather and for spring work
has been conclusively shown. Nevertheless, we still have much
to learn in this new development. It is not simply a case of
substituting oue form of haulage for another; there is a host of
concomitani problems in adapting implements and cultural methods
to the new conditions. Such straightfbrward questious as the
relative merits of deep cultivation aad subsoiliog still await
solution. Some experimeots aPpear to show no advaotage, while
others show a considerable beaefit. Such divergent results are to
be expected uotil our koov,ledge of the physica.l effects produced
in the soil is extended.

The fuadamental point to be borne in mind in all work of this
nature is that the foim of power and the implements are 

-only- 
a

meaos to an end-the production of a suitable seed-bed for the
given crop, and the maintenance of appropriate soil conditioos for
the olant over the whole of the srowth period.

bu, best hope of systemaiic adtince ia to pursue steadily
our investigalioni iato the soil properties oq which tilth depends
and, as opportuaities offer, to test our conclusions by selecting,
outstanding' problems for practical field trials uoder a variety of
diFerent conditions. It is'essential for the progress of our work
that it should be critically reviewed from time to time by the
practical farmers, the impiement- and tractor-makers, so that the
held trials may be deligned to give the maximum practical
information to all concerned.

CULTIVATING THE CHALK f, BRICK-
EARTH SOILS OF WEST SUSSEX

BY H' DREW ITT
Colworth Manor, Cbid:cttcr

To a farmer the subject of this conference is his daily concern,
although perhaps he seldom tries to analyse the reasous for what
he does.

Modern cultivatioo of the soil may be said to have begun when
the common fields were enclosed aod distributed among individual
cultivators, each of whom qras then, for the first time, able to carry
out his own ideas on the subject without reference to what his
neighbours were doing. IIp to about forty years ago the prepata-
tioq of the soil was carried out with the same implements, improved

https://creativecommons.org/licenses/by/4.0/

