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REPORT FOR 1934
THE PURCHASE OF THE FARM: FURTHER

DE\,'ELOPMENTS

_ 
The outstanding event of lg34 was the purchase of the farm and

r further part of the estate by the Rothamsied Trustees. Up till the
spring of this year the estate has been in the hands of the WittiwronEe
family and their descendaats, the Lawes, since 1628. When Lawis
laid down his experiments in the period l84g to lg56 he Dut them
into whichever field best suitcd tie purpose: irr conr"q,iencu the
experimental area was not in one piece but in three. widelv seoar_
ated ; further, the laboratory was built awav from all tlese. 'So ions
as t}te estate remained in the family a_s an asricultural entemriJ
ttris did not matter: whatever additional lai"d was needed ctuta
ea-sily be taken over, and in practice it \r?s retained as lons as
lecqy.ry But with the letting of the house and the dispersal oithe
lamily it uzs no longer possiblC to work in this way, and'the builders
were-eating into the neighbouring fields at aa alaiming rate so that
our farm was rapidly acquiring building value. Rotha;nsted is well
known alloverthe world and vCry few people realised that the Station
did not own the land it cultivaied, n6r even the land on which the
laboratories were built. A.ll was in the hands of the l_awes-Witt+
wr.orge family : some was held on a monthly tenancy, some w:lsi
subiect to, six months, and some to one year'jnotice; -the 

clarsical
fields and certair otlers .v/ere on a loirg lea_se; but this would
inevitably terminate.
_ It was rycognised by all concerned t}lat the importance of thc
Rothamsted work demanded the safeg.rarding of tie Rothamsted
fields for all time, which could be secured onlv if ttre Rothamsted
Trustees became the owners. Negotiations lor burchase were beEun
in May, l93l ; they were necersarily very proiracted, but the c"on-
tract for purchase was signed on Maich l61h-, IgB4, and the purchase
was completed eight weeks thereafter, on May lgth. The esiate thus
transferred to us consists of the Manor House. the farm manager,s
house, eight cottages (t}rree of them large enough to be let on veirlv
tenancies), Knott Wood, the site of the laboratories. the ei:xoeri_
mental and ordinary farm fields and sufficient land ii addrtioh to
preserve the amenities of the house and so keep it as an asset of value
rather than a burden, and, even more imporiant, sufrcient land to
enab-le us to _carqr out field and farm experiments on a scale corres-
ponding to the importance of the work.- The total area of land ac-
quired is 1r7 acres. The basal price agreed was {30,OOO without
timber and subject to adjustmerits in rigard to tiihe; also there
were certain obligations a^s to fencing: thd total cost includine lesat
and suwel'or's expenses, timber, tithe adjustment and all inciden"tal
cbarges including also certain reparationi, amounted to /B5-OOO_

Three possible means of rarsing the necessarv purchie mon.o
had been considered: a loan; sale of Trust securities: and oubli'c
suLrcripiion. The two former were dismissed as being com$letely
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criDDline to t}re work of the Institution: there would be no point in
.r"il'i"e "th" land if nothing could be done with it. It was therefore

aoia& to apDeal to the pllblic lor the full amount so as to enablc
the Station io start on itinew career free of debt'

On March lgth the letter of appeal, signed by the Duke oI
Devonshire, President oI the Societlfbr Extehding the-RothaTsted
Exoerimenis: the Earl of Stradbmke, President of the R''/yal
es;cuttural Societv: Sir Gowland Hopkins' President of the Royal
*i"tt, , Mt. Starrllv O. Ratchff, President of the National Farmers'

Union'; 
'Sir 

Daniel Halt ; and l-ord Clirton' Chairman of t}re Lawes

Asricuitual Trust Commitee, was published in lla Tizas newsPaPer,

a;d shortlv after in all the leading papers of the country' Rothamsted
or"". 

" 
cr;a.t debt of gratitude to the Press for the amount of Pub.

li;r;;;"" to the aoireal. Sir Bernard Greenwell staned the tund
*it( ir.oOO r wherr it appeared to be hangin8 fire Mr' Robert
lfiOois.U, *l,o lt"d seen ilie appeat and the editor's commendation
ii- tn 'u i"cn"*n Guadian, tifiered 11i,000, and the Sir Halley
Stewart Trust {5,00O, on condition t}rat the full arnount was coUected

i" ti-". t 
"d "oUl; 

gifts stimutated all the friends of Rothamsted
t" Gui. frtf".t artivitlv, and it was not uncorrunon to receive f500
;; ;;; i" a sinele dai. Handsome contributions of {500 each were

ieceived trom ttri Royal Agriculturd Societn the National Farmers'
Ilnion- and Imoerial Chemical Industries. T. H. Rrches, tssq',gave
fiso. tf," Cf,".d"."a Surveyors' Institution gave 250guineas, the-Beet

Susar Factories Anglo'Dutch Group, Messrs. J Bibby & Sons, Ltd,
Bri"trsh Oil & Cake Milts, Ltd., Bury Group of Sugar Beet tsactgnes,

Sir Wm. Waters Butler, Rt. Hon. Lord Clinton, Dunlop Rubber ('m-

"""" ita. I. G. McDoueall, Esq., I. D. Margary, Esq', Messrs' R'
Sitciix a so-ns, I-td., owe; H. Sni.ith, Esq., each gaJe [250;the I-n-

"titut" 
ot Brewing, Simon Marks, Esq., I. M. Sieff,-Esq',.{-200 each ;

"ta th" HieN"ndand Asricultural Society oI Scotland {l5O' Many

other sociefies and indivlduals contributed {I00 or more, and t}e
Brewers' Society encour€ed its members- to give handsomely, Some

oI tle small donations were accomPanied by most charmrng letters-

C-otlections were made by viUage school teachers,--by farmers.and
nthers on market davs and at branch meetin85, while many workrng
iarmen sent direct to us. Finally the Camegie Trust€es made

*** "".t"in 
with a noble grani of d2,000 The -whole 

sum of
f35.00O was raised several days belore the aPpointed trme and the
iotal cost of the aDoeal was only {10.*'6i*r,ril'-iott'.'ist. 

tlt" 'Minister of Agriculture' Mr' walter
Elliot. Lcompanied by Sir C J. Howell Thomas, Permanent
G;;-;;--"4 it " tvtiniittv of Africulture, attended the Annua I

Summei Gathering at Rotharnsted and formaUy.ltaltded !ver. the

deeds to Lord Cliaion, who accepted them on behalf of the lrustees'---it 
" "".io* 

oUligations and ieparations were at once undertaken

ana-tle station is n'ow in futl poisession of an ample area of land

GtU G Uo""au.io so arranged-that it will suffer little or no-damage

i; th"-;iliE * t}. rdt uritd"rs. Messrs. Alfred Savill & Sons

rJA.t 
"o.""yoo, 

and Messrs. Raymond Nix & Barker as solicitors
on our behalf.--- 

So-" f"ttfr". developments are being at once Put in hand' Tbe
glass houses are to be extended so as to Sive amPle accommodatron
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to the Mycologist, IUr. Geoffrey Samuel, who is studving plant
diseaxs caused by soil fungi. Advantage is being taken of our new
position as owners to plan out the land behind the lahoratories for
future development so as to avoid the congestion and inefrciency
that always follows when development proceeds haphazard. A new
\i.ing is to be added so as to relieve the congestion in the older
departments by setting up new biochemical and bacteriological
lahoratories. The James l\Iason bacteriological laboratory erected in
1906 has proved a remarkably fertile source of agricultural and
scientilic discovery, and its success has necessitate-d considerable
enlargement. It is further proposed to extend the farm buildings
and replace t}Ie pres€nt wooden piggeries and stores.---erected in
l92l and 1922 from old Army hutF-by modern brick buildings better
suited for their purpose. Finally, it is intended to lay out the fore-
court in front oI the laboratories in accordance with the very dig-
nified design of Mr. Walter Tapper, R.A. A sundial is being-made
by Sir Charles Vemon Boys. It is expected that these various
developments t'ill cost some {25,000 towards which we hope for
substantial Govemment grants: a considerable sum, however, will
still have to be raised from private donors and others.

THE PRODLTCTIONi OF CROPS
The practical purpose o( the experiments on crop production is to

discovertow crops may be raised in larger quantity-pir acre, at lower
cost, and of better quality. In view of the great variety of conditions
of soil and climate in Great Britain it would be of little use for us
merely to achieve these ends on our own farrn: the work has to be
put on a much wider basis and it resolves itself into a series of
investigations to discover the influence of soil, climate, manuring
and cultivation on the yield, composition and quality of crops.
Thanks to the generoEs collaboration of farmers in all parts of the
country, and to the enlightened co-operation of some of the larger
commercial and atricultual organisations, it has been possible to
repeat t]?ical experiments at a large number oI outsidi centres :
Mr. Garner has been, as before, in charge oI this work. The new
methods of field experiment designed at Rothamsted have proved
exceedingly valuable and have given to the results a degree of trust-
worthiness that would otlrerwise have been quite unatta.inable. The
investfuation of the composition of tie crops grou,n urder these
various conditions has thro\ n a vast amoult of work on Dr. Crovther
and the stalf of the Chemical Department and explains the need
for laboratory extensions. The study of crop quality, how-ever,
necessitates special procedure, as " quality " is an exceedingly elusive
property which can in no case be defined with accuracy. The method
adopted at Rothamsted is to produce a series of samples of known
agricultural history, then submit them to expert buyers or users of
the crop who grade them in classes. Efforts are then made to relate
the grading to the chemical composition.

" Suality " is thus delined as " commercial desirability " : it has
no necessary connection c.ith nutritive value- So far we hal.e lailed
to find any method whereby t}re nutritive value of ttre different
grades of produce can be discovered, short of very elaborate and
exceedingly difrcult feeding tests on human beings which would be
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more appropriately carried out under medical supervision than by us.
For the farmer commercial desirability is the important test: it is
useless for him to produce sometiing the market does not want. In
point of fact the ordinary diet of the Engtishman is so varied that
variations in chemical composition oI the raw materials supplied by
tte Iarmer are probably not very important; attractiveness atrd
.palatability are, however, important, and on these points the expert
buyer can advise.

The crops studied in detail have been barley, wheat, sugar beet
and potatoes. A beginning has been made with grass and fodder
crops: naturally by different methods becaose the feeding test can
be applied to these.

Broadly speaking the results have been that " quality " is deter-
mined primarily by the general soil conditions and is not much
alfected by manuring, while quantity is largely determined by the
manuring. Usually the highest crop obtainable by normal manuring
is of as good qudity as can be obtained on the farm: the scheme of
manuring can ttrerelore be drawn up chiefly uith the view of securing
quantity. The management of the crop, however, affects its quality,
and serious losses may easily occur through avoidable causes.

Wheal. Work on lhe quality of vheat is done in association with
t}te Research Institute of British Flour Millers, St. Albans. Certain
physical properties of dough are so closely allied to the properties of
clay that they are studied in the Physical Department, but the
workers are in constant communication with those at St. Albans.
The effect of manuring on the composition of the gran is not very
marked. It would be impossible to find two more widely dif{erent
treatnents than on the Broadbalk unmanured and tihe Broadbalk
firlly manured plots, yet the Vitamin B content of the wheat grain
was found to be the same for both by Dr. kslie Harris oI tle Dunn
Nutritional Laboratory, Cambridge.

Bafuy. ln March, 1934, the uvestigations on malting barley
which had been carried on siace 1921 under the Research Scheme of
the Institute of Brewing, were transferred to the School of Bio-
chemistry and Brewing of ttre University of Birmingham, where
maltlng and brewing investigations are more appropriatelv made;
this was done in March, 1934. The Director still remains Chairmar
of the Institute's Barley Committee so as to ensure continued close
contact with the work. In October, 1934, a Conference was held at
Rothamsted between the barley growers and the buyers, at which
some 200 samples of malting barley were exhibited and discussed.
1934 was a bad season for nralting barley, in coutradistinction to
1933, when good samples were conmon.

The samples had been graded by exprts, who then explained
to the growers the reasons Ior the grading and the faults which had
detracted from the value of otherwise satislactory samples. Pre-
mature harvesting, faulty stacking, and wrong setting oI the thresbing
machine had been responsible for a certain amount oI low grading.
The Conference served a very useful purpose and will be repeated
in October, 1935.

Sugar Beet. A scheme was inaugurated in 1933 whercby Rothant-
sted carries out fertiliser experiments on commercial sugar beet
farms in association with the Committee on Sugar Be€t Research a.nd
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Education set up by the beet sugar factories and the Ministry of
A8riculture. These experiments were continued in 1934 and it is
hoped to put the work oo to a permanent basis ; if sugar beet is to be
continued as an English crop tl1e yields must be increased, and all
experience shows that tle surest way of doing this is by suitable
cultivation and manuring. Hitherto the advice given to farmers has
been based on Continental recommendations. It by no means
follows, however, tbat a scheme which answers well in Czechoslovakia
or in Holland will also answer in England and in point of fact our
experiments do not in general support the recommendations made
to farmers. Hitherto the experrments have not been sufrciently
numerous to justify us either in condemning the old or in Putting out
new recommendations, but if the co-operatron with the Factory
Committee can be continued we hope to remedy this defect.

The average yield of sugar beet in Englard is only about 9 tons per
acre, 4s shown by the followtng figures :

1521 t925 t9r6 1927 1928 l9r0 1930 lSSl lS32 1933 1934
8.1 7.7 8.6 0.6 i.1 8.7 8.8 ?.1 8.7 9.0 10.re)
This is coasiderably lower than on the Continent. Average yielcls

for the last nirle years (f925-f9$) are in tons per acre :

Holland
Denmark
Ssredetr. .

.. l3.a France.. .. 10.8 Huqary

.. ll.9 Italy .. .. 10.6 Grcat Britai!..

.. lf.g Czechoslovakia 10.0 Fialaod
B€l8rum .. ll.9 Austria
GermaDy .. ll.5 Spah ..
Irelatrd .. ll.2 Polaad

(r) Prcvisi@.l

Rothamsted (r) ..
Woburn(!)
MeaD of outsidc Centr6 . .
Averate ,ot Eaglaad

(r) sp.cing ErFrimerts

Cwt, per acre
Roots, toDs Irer

. . 9.7 Roumada

. . 8.8 Jrlgoslavia . .

.. 8.6 Bulgari.
Turkey

4.2
4.2

0.9
0.3
6.3
4.3

The average leld on our experimental Plots has beeo :
Washed Roots, Sugar,
toas per acre. cwt. per ecre.
1033 1934 lS33 1034

.. 8.6 14.0 2r.0 t7.6

.. 9.2 18.4 32.1 03.8

.. tl.6 13.6 3?.5 17-6

.. 0.0 l0.r 29.6 94.7

Our yields are therefore considerably above the average. None
of these yields, however, except perhaps that at Wobum, is really
satisfactory, and we ought to aim at crops of 18 to 20 tons Per acre
as the usual ttring, and not as the excePtion.

How to secure it is not at all clear. In the 1934 exPeriments 27
different combinations oI artificial fertilisers in dressings ranging up
to l2l clnt. per acre of the complete mixture were tested at l5
different centres, but the results were only small; the effect of
lranures was on the averate :

Meatr yield per acre. Iacrease in sugar in c*'t. Pet acre Ior
WashedRooG. Sugar. | 4 cwt. sulphate I I c!vt. suPer- | 2t cwt. Muriat

tons. .*t. I oI ammoda. I phosphate I of Pota-sh.
ls.4z 47.6 | +8.0 I +0.9 I +0.4

Sulphate oI AmmoDia. SupetpLo6phate: Mudatc oI Pot .h.-0 21O s 0 o ll 2l

acte . .
Tops, toDs per

acte ..
Sugar, per ceot.
Sugar, cwt. pet

Purity pet ccat.

t2.9 13.5

9.6 10.7
t7.9 t7.7

16.0 4?.8
88.9 88.3

r4.0 13.3 r3.4 13.6 r3.4 13.6 r3.a

r2.3 10.7 ro.s ll.0 10.9 r0.0 10.8
17.5 18.0 t1.1 11.1 l?.E lr.t r7.8

49.0 {8.1 17.5 17.2 !16.0 at.4 49.r
88.0 88.4 88.4 88.4 88.4 88.6 88.4
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Of these increases only that given by the sulphate of ammonia is of
much significance. Nitrogenous manure almost always increased the
tops, but it did not increase the roots to the same extent : it depressed
the sugar content and the puritl, of the iuice, but to a less degree.
The gain in roots more than compensated fbe loss in sugar percenlage,
so that a net gain of 3 cwt. per acre of sugar uas obtained on the
average by the use of 4 ctlt. sulphate o{ ammonia. The response
differed at the diflerent centres: at only half of them was it siiinifi-
cant ; it amounted on the average to a gail of only 6 per cent; the
gain is, however, pro{itable, ald the effect is greater ttran in 1933.
The mineral fertilisers were almost iueffective: 6 cwt. per acre of
superphosphate added on the average less than I c*t. sugar per acre :
it gave signilicant increases at one or two centres only, the inqease
amountin8 to rather less thall 3 cwt. sugar per acre. Pota-sh was of no
direct benefit ; indeed, at one centre it appeared to depress the yield
of roots ; it tended slightly to raise the sugar content, especially ivhen
in combination with nitrogen.

It is difficult to understand why the potash and phosphate should
have so little effect, and experiments are made both at Wobum and
at Rothamsted to seek an explanation. It seems improbable that
these fields are the highest possible, and the experiments should
certainly be continued to find some way of inducing'the crop to make
bigger grorth .

It may be that the ordinary way of adding these fertilisers is not
very elfective, and several experiments have been made to test otler
ways of ircorporatint them with the soil: the results, however,
have been quite small; the yields of washed roots were, in tons per
acre :

r93l t033 1933 1933 1934 1034
Woburn ,wobnm 

Rotllam- Rotbam- Woburtr Rotha6-

Usual harrosiDg ,. 11.6,1
Special iDcorporatiotr-. f0.500)
No minerals .. ..

9.41 6.21 6.08 18.24 t4.El
0.01c) d.6rr) 6.96(|} 18.62('| r5.6qr)1.19 18.59

e) siD.r " rotary .ultivator; (')plou!h.d itr ; (.)in subsil.

The incorporation of the minerals has thus been without
effect at Woburn though it appears to have been beneficial
at Rotlamsted. Nevertheless the subsoil plays a very important
part. Experiments at Wobum showed that the sugar beet roots
penetrate deeply into the soil. Apparatus was designed to trace the
movement of the roots: before the se:Ison lizts over thev were at
lca-st five feet down. At centres I'here, during the droulht, there
was much free subsoil water, the yields of tops were higher than t}re
aver€e, the purity of the juice was lower, and there were indications
of a better response to phosphate.

It may be that application of the manures right alongside the
seed wculd be more effective.

Experiments have been started at Rothamsted to test the effest
of various cultivations, e.9., rolling the seed bed on plots receiving
farmyard manure and on those receiving artificials only. Heavy
rolliDg was harmful and reduced tle yield by 9 cwt. w"ashed roots
per acre, but sulphate oI ammonia counteracted the bad effect to
some extent.

Farmyard nunure acted as il iis nitrogen had less than half thc
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cffectiveness of that in sulphate of arnrnonia but as it did not
d€press the sugar percentage its production of sugar was better than
!!at suggested by the yield of roots. Thus in a cbmparison between
l0 tons of dung and 3 cwt. sulphate of ammonia the iesults were :

Approximate qualtity oI oitrogeD i[ Eanu.e, lb. per
acre .,

Meatr incrcase in yield of washed rcots. totrs
Mean increase i[ yield of tops. tons
Meatr ellect oo perEentage oi sugar
Meao iDcrease in sugar ier acre,-c*t.
Meao efJect oa plant trumbers, tbousands

The yield and sugar content of the roots depends uoon the soacinp
but the effect varies witb the season. In I9A3 B,itl'a rathei smaii
crop, lG.inch spacing gave much higher yields and somewhat higher
sugar content than 2Ginch spacing: in IgB4 there was verv li-ttte
difference, but at Rothamsted 2Ginch spacins was somewliat the
better ard at Woburn lsinch spacing: ti:e lg-34 results were:

Mearl Elled of S?aciq: tgtl.
Plaot Numbei, Washed Roots, Suger,

Thousaods per acre. Tons per acre. Cwt. oEr icrc.
Rotham- Woburtr Roth.am: Woburtr Rotbam-' Wobumsted sted sted

20 in. !ow! 32.2 33.4 14.61 l8.gt 1g.Z 63.9
16itr. rows 42.6 12.5 13.68 tg.t7 17.O 66.0
loio. rows 60.0 63.1 t3.8? 12.88 17.t 61.{

It is difficult to understand why itre results in the two vearc
should have been so different: the iwo seasons had a good ddal in
common.

Variations in soil conditions have a very great effect, however,
on the yield of sugar beet : the results on diffeient lields at Rotham-
sted and at Wobum have been in tons per acre:

Rotbamsted
Loag Hoos Pastures
&course. ,ield.

t933 ?.13

Duog. Sulphate of
AmEonia.

150 70
I.20 r.6l
2.08 4.60

-0.06% -o.aay6t.l La+2.1 - r.6

'Wobum Wobum
0-course. ButtFurtoag.

9.15

9.7it 18.45193{ . - 11.08

6.52
Irtlg Hoos

15.36

lotgtocs. Thgyanurial exlrriments on potatoes were continued
at Rothamsted, Wobum, and at outside ceirtres chieflv in the Fen
district: some striking results were obtained. In one series of
cxperiments three levels of manuring with artificial manures were
tested in 27 different combinations: no dung ras used as this is not
generally available on the fen soils. The results werc:

Standard I Sull.,hate of lsuperhosphare I Sulnhate oI.Lrror. I Ammonia | | por.lsh
I cwt.pcra(rc. I cs't. peracre. l.\rt.peracrc.None 2 4 lNoDe 41 9 None tl l

LigH r.atv fcn.
Wissin8totr .. +0.388 8.25 S.o7 L18 6.9S 9.67 9.83 6.0{ 9.s810.88Thorney -. 40.560 6.?9 7.69 9.lO ?.59 7.66 8.26 6.?9 8.13 8.S9
Clay fca.March -. +0.403 7.56 9.0$10.49 7.0O 9.49 to.6s 8.80 8.20 9.89
Little Dowaham +O.2O5 12.89 14.94 t6.(X 11.23 lE.6O 10.6I l4_ 18 14.8i 14.84
Srrr.
Wisbech .. +0.138 5.98 7.tt 7.16 0.49 6.26 6.98 8-68 6.?t 6.t3

(early potatoes) .
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The effect of superphosphate is as marked as that of nitrogen and
the respon:e continues even to the larger dressing. On the light
peaty fen, potash also produces a rnarked increase but on the clay fen
its eifect is less. The early potatoes on the silt soil at Wisbech were
less responsive but still gave definite responses to superphosphate
and sr:.lphate of ammonia.

At one fen centre, Wimblington, March, on a light fen soil, t}te
effect of adding dung wa-s tested. Sulphate of potash gave marked
responses even in the presence of dung ; sulphate of ammonia was less
eflective. The tlressirrg oI 2| cwt. each of sulphate oI ammonia and
sulphate of pota-sh with superphosphate proved nearly as effective
as 8 tons of dung per acre, The iacrea-ses were:

Mea! Efiect.
Sulphate ot ammoDia, 2l ct*-t. 0.66 tons
Sulphate oI potash, 2t c$t. 3-8O ,,
DuEg 8 toEs 5.00 ,,
Staadard erroE .. .. +O.f77

DulgAbleat- DuDgPr€seot.
0.29 0.83
4.93 2.AA

+0.250

The investigations on the quality of potatoes begun in 1929 in
association with Messrs. Lyons have now been translerred almost
entirely to their laboratories, but a few key determinations continue
to be made here so as to facilitate linking up with their work.

MINOR ELEMENTS IN PLANT NUTRITION
The investigatioas on boron are still beiag continued by Dr.

BrencNey and Miss Warir$on,
Manganese is needed by plants, though only in small amounts ;

in its absence they become liable to certain diseases such as grey
speck disease of oats. Chemical examination shows that the deter-
mining soil factor is not the actual amount of manganese Present, but
the proportion that exists in the exchangeable form and ttte tenacity
with which it is held.

Molybdenum salts have been found to caus€ symPtoms that look
very much like those of Virus disease. This observation is being
fotlowed up in the Plant Pathological a.nd Botanical DePartments.
Mr. W. A. Roach at East trfalling has shown that some {ruit kee
stocks can take up molybdenum from the soil and others carnot.

ORGANIC MANURES
ll\ The Usc of Slraw as lllanure.' ' With the iicreasing tendency to break away from fixed rotations
the svstematic return of the straw to the land in the form of farm-
vardinanure is becoming more and more difficult and two altemative
inethods are being compired with farmyard manure at Rothamsted :

in one the straw is rotted artificially before being applied; in the
other it is ploughed direct into the land but artificials are added to
fumish the necersary food for the micro-organisms eflecting the
decomposition. The afiect is then observed in the year o{ aPPlication
and in each oI the four succeeding years. For each manure there are
thus {ive Dlots under each croD in each vear, one of which has received
the manure during the I ear, another ieceived it one year ago, while
others had it two;three, and four years ago. The straw ploughed in
with the appropriate arti{icials proved at least as us€fuIas farmyard
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manue, excepting only for the hay crop, which in any case $"s
abnormally low, as also was the yield of potatoes. The details are
given later on ; avera6es of the various sets of plots are :

Att.rq. yiru ?.r ad. oJ Jil,c trcdmcnls, lgg1.
Hay,
Dry

Mattet.

ll.6
lo.5
8.3

16.2

14.1

Dullg Ist year aod 4 lesiduals
Straw (rotted) and 4 residuals. .

St.arv (uDrotted) and 4 residuals
Super (aDtrual N aod P)
Rock phoqrhate (aDoual N aDd

P)

Wh€at Barley Potato.3.
graio. graiE.

cr.t. ct"t. tons.
25.6 21.1 3.61
25.0 2A.5 2,SA
26.6 243 3.E2
26.4 28.1 4.6I

21.7 22.5 3.61

Meao of all st-aw manures . . 25.4
Meaa of all iDorgaoic manules 25.O

TrcatmeDt.

It will be interesting to see whether similar results are obtained in
future years : the quesiion is oI particular importance on mechanised
farms. The equivalent mixture of artificials has been as good for
wheat and barley as has the straw, and b€tter for potatoes and hay :

superphosphate also proved superior to mineral phosPhate.

The residual effects are shown in the follov'iag figures, where tIe
yields are expressed as a p€rcentage of the average of t}Ie dung and
the two straw treatments :

21.7
24.3

3.47 r0.l
4.08 14.6

A!.rag. yi.l^, lg3L34.
Ctop. Year of Residual Yoa8.

Applica-
tioD Filst. Second. Third. Fourth.

Fardyard MaDurE Whcat
Aerley
Potatc

rr8(3) 96(3) 9r(3)
133(3) SE(3) 94(3)
140(3) r02(3) 9r(3)

95(2) 94(l)lae) 88(r)
96(2) 75(r)

Straw lott€d
artiiciauy

WLeat
Barley
Potatoes

123(3)
l0e(3)
s0(3)

ss(3)
97(3)
79(3)

07(2) 07(r)
03(2) r05(l)
r01(2) 65(r)

85(3)
89(3)
80(3)

Sl$$+artificials Waeat
plowhed in Barley

Potatoes

rr2(3)
r2r(3)
r23(3)

94(3) 102(3) 87(2) r00(r)
86(3) e6(3) 95(2) 106(r)
8s(3) rr4(3) 106(2) r22(r)

Ileen ll9 90 104 96 t09
IOO:meaE oI tbe two straw and the farmyard maDure lesults. Bracketed

Iisures show the lumber of yields oo which the figures are based._ 
Ihe artijicial lotting oI tie straw was aot entir-ely satisfactory aBd we shau

certainly improve it ir luture years.

(2\ Grcett Marwe.
As is well known the Wobum experiments on Sreen nanuring

failed to show any benefit from either mustard or tares Srown during
the summer and ploughed in as preparation for q.inter wheat. This
vras quite unexpected, as tJre light soil at Wobum is the type of tand
that seems to need organic matter. The plant residues, however,
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bave to undergo decomposition in ihe sril before they are oI any
manurial value to the crop and tbis decomposition is brought about
by micro-organisms which themselves consume plant fodd. The
process is complex and it is not difficult to imagine a train of pro-
ces-.es in which the crop would gain nothing, and might easily lbse,
by the ploughing-in of green marure. Inspection of the plots in-
dicates that the sheat suffers from nitrogen starvation in spite of the
added plant residues. Drs. Crovther and Mann have shotr that in
conditions such as those of the Wobun green manure expriments,
considerable loss or inactivation of nitrolien takes place in ttre soil
during the period between the ploughing-in and the active acsi'nila-
tion of soil nitrates by the uheat plant.

The experiment has been repeated in such a way as to reduce
this rather long period of waiting. BIue lupins were sown on May
l6th: they grew vigorously and produced approximately 50 crlt.
dr5r matter per acre of leaves, stems and roots : they were ploughed-in
Ior kale sorrn on July 30th. The effect was very striking, tbe yield of
kale being practically doubled. Only the leaves and stems oI the
lupins *ere e{fective, however : when t}ese were removed and only
the roots ploughed-in tbere was no benefit. The yield of kale was,
rn tons lxr acre :

u"#",1#[ Ei;"1.*
Ploushed-iD :- '";groT"-r? 'o'l. NolhiDg (LupiD tops aDd roots reEoved) .. 0 3.53
2. Lupitr loots only lt.3 3.17
3. Lupin $'hole plaDt roots aDd tops ., . . 133.6 6.68
4. Lupis $boleplant plus tops f.om keatmeDt 2 266 8.4?

The Rothamsted soil is much heavier tban that of \4'obum and
would be exp€cted to behave rather differently to green manuring.
Autumn so$n vetches proved inellective lor the following spring
sowD crops $hile autr:mn sos-n rye was actually harm{ul to the
barley and the sugar-beet: ibe results were:

Means ol all fianurial btalfients, yields Pcl ocr., 1931.
Potatoes.

tons
No green manure ,. 5.91

Batley. Sugdr Beet.
GraiD. Stra$. Roots. Tops
cut. crrt. to!s. tons.
21.2 30.0 t2.82 10.63

Vetchestloughed in 6.64 27.2 30.1 11.86 S.l0
Rye plougbed in .. 6.14 2O.4 26.0 11.69 5.96

lield ol greeD manures April l3th: rye, 5 tons gra€a qr€igbt, l3 cFt. dry
Inatter; \'etcles, 0.6 tcDs greeD $eight, 1.2 cf,'t. dr]. matter.

There is evidently a considerable amount to leam about green
manurirg, and it cannot be reccmmended generally without carefirl
etperiment to find out the conditions io $'hich it is likely to succeed.

(3) Poultry trlanurc.
The marked increase in the number oI poultry in this country has

brought into prominence an old question which has never yet been
thoroughly exarnined: how do€s poultry manure compare witb
equivalent arDounts of artilicials ? In 1933 the Ministry of Agri-
culture set up a small committee to study tbis question, the experi-
meDtal nork to be done under the supervision oI tbe Rothamsted
staII. The marure was dried ard prepared in a form itr which it could
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be transported easily as a commercial product : tle analysis of ttre
samples ranged between the following limits :

t033.
Moiltutc .. 5.8' NiEogca (N) .. .. 3.&4.4
Pho€phoric oide (PrO.'t 2,&1.O
Potash (K,O) .. .. 1.e1.9

1934.
8.4

2.&3.3
3.2-3.t

1.6

The experiments were made with market gerden crops as it
seems probable that gardeners would make more use of poultry
manure than farmers.

Compa.rison was made at a number of centres with equivalent
mixtures of sulphate of ammonia, and superphosphate: the crops
i.ncluded potatoes, savoys, peas, sprouts, onions, and carrots. Pot
culture experiments have been made at Rothamsted with spinach
beet.

The general result both in 1933 and 1934 is that poultry manure
in ils first year is less effective than sulphate of ammonia; little
evidence could be found that it is ever superior. At a number of
centres leither manure was effective: apparently the ground was
already in such high condition that even nitrogen failed to act.

The average results for potatoes at the 13 centres in which 3 cwt.
1rr acre sulphate of ammcnia was compared with the equivalent
amcunt of poultry mlnure (approxima.tely I ton) \a,ere as follows :

pc, a.re. Mea^ of 1.3.,peritn nls. lggl.
No Nitrogeo
Poultry }laourc 0.0 cwt.

8.17
8.83
s.a3
9.53
9.02

Nikogen per acre . . ..
Sulphate oI A rmo[ia, 0.6 csrt. NitrogeD per acre . .
Poultry Manure + Sulphate oI Ammoda (1.2 cwt. N io aU)

Meatr
Staodard erro! .. +0.132

The return for the nitrogen is less than usual, being only about
I cwt. potatoes per cwt. sulphate of ammria. At some centres some
arops gave more marked returns for nitrogen but again the sulphate
of ammoma was never below and usually definitely superior to the
,poultry manure ; t\,eo examples are :

No Poultry Sulphato Strldard
Nitrogen. Manure. 

Ao 
of . . 

Errors.

Newport. Salop, Savoys, toDs 15.8 19.8 23.2 +0.890
Aloocrcft, Worcester, Pcas, cwt. 70.9 15.7 E0.9 +1.86

There was no evidence that the poultry manure lortilied the
€ffect of the sulphate of ammonia; indeed the average response to
poultry manure was less in the presence than in the absence of
sulphate of arnmonia-

On the other haud there was some evidence oI cumulative effect
of poultry maoure ; a dressing given in l93l to land which had also
received it in 1933 was mcre effective than sulphate of arnmrnia
.and the action seemed to be due to the nitrogen since phosphate
caused but little increase :

Potatoes : 1931 (2nd Year oI ApplicatioD), totrs por acre. Pottoa, Bedford-
shirs.

M€tr Yield, 5.94.
Averagc ilcrcasc due to Sulphate of ArttmoEi. O.82

,, ,, Superphosphate 0.24
,, ,, Pouttry trlanurc 1.30

StaEdard error ol iocr€ase +0.f13
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GRASSLAND INVESTIGATIONS
Tbe additional land purcha-sed with the farm includes some 8O

acres of grassland not hitherto in our occupation: it is very well
suited to axperiment,and schemes will be worked out in due course.

Basic Slag l*aestigalions. The work on basic slag conducted
uader the aegis of the Basic Slag Committee of the Ministry oI
Agriculture was greatly extended in 1934, by the inclusion of experi-
ments to test t}Ie new medium soluble sla6s produced by the steel
manufacturers. These slags are uot necessarily mixtures of high aud
low soluble slag : some of them contain new compounds recogrrisable
bv their crystals.- 

Durirg 1934, a series of trials was conducted on swedes in Scotland
bv local workers in coniunction wittr Prof. McArthur and Rotham-
.i"d. In th"." 

"*p"rimeits 
low soluble slags gave much better resu.lts

tlan had been obtained in the earlier Srassland experiments in
England, but iu all cases the effectiveness oI the slag increased
regularly with increa-sing solubility by the citric acid test. Medium
soluble slags were intermediate between high and low soluble slags,
but the experiments must continue for some years before their
value can be properly assessed-

OTHER FODDER CROPS

The quality of green fodder crops has been for some time under
preliminary investigation and now that the barley investigations
irave been transferred it will be further studied. Ttre chemical work
is being done by Dr. Norman and is based on the fact that a green
fodder 

-plant passes through two st€es in its life history: in the
first stage it is assimilating nitrogen and nineral matter from the
soil andls consequently rich in protein equivalent and minerals: in
the second stage it is elaborating carbohydrates, sugar, starch,
cellulose, lignin, etc., and is consequently rich in starch equivalent
and fibre. The work promises important Practical application in
several directions, including aoimal nutrition. Studies of " cmde
fibre " have shown its relation to the cell wall constituents. It is
recognised, however, that chemical investigations alone will nct
satis ctorily de4l with quality of fodder crops, since biochemistry
is not vet sufficiently advanced to give comPlete indications of ttre
feedbf quality of ttre rzrious crops ; methods have therefore been
develolpeit for ising pigs for this pu'rpose, adopting weight, gmde and
bacon factory reports as the criteria. The work is now reaching a
stase where ilani nutrition begins to approach animal nutrition, and
it fill shortli, be necessary to invite the co-operation of investiSators
in animal nutritiou.

LUCERNE
Prof. Southworth has continued his efforts to isolate strains of

luceme having a higher seed-t'ielding capacity than the named
varieties at present in commercial use.

The season of f934 being exceptionally sunny and warm the
conditions were agairt {avourable for the Production of lurcerne seed.

The following iable shows the average seed yield at Wobum from
the six familv selections A.B.C.D.E.F. and the numbers of individual
plants tested in each family group lor the seasons 1933-34.
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Family
selectioa
troup.

3l

NEDDcra oI Avcrago *cight of sced Avcagc for
pl,.ots harvest€d, ploduced iom each family. two yoats.

1933. 1934. 1033. 1934.

A. Provence
8.33.185
c. 32-60
D. 32-33
E. llr
F. -28

A. Prcveace Irom codme.cial seed. B, C, D, E, F, progeDy oI hybrid
salections.

Maizc atd Soya Bcans atr Wobut Certain Manitoba varieties
grew and ripened successfi.rlly, producing good well-matured seed.
These experiments are to be eJdended.

PLANT PATHOLOGY DEPARTMENT
MYCOLOGY

Mr. G. Samuel, the successor to Dr. Stoughton, began his work at
Rothamsted by making a survey of the fungus diseases situation.
He has shown that a kind of antagonism exists between certain
groups of soil fungi so that one cannot develop when the other is
pres€nt. This sugtests possibilities of controLl.ing pathogenic soil
fungi that will be further studied. Meanwhile an interesting side line
has been opened up : some of the actinomycetes picked out from the
soil have the power of making fragrant perfumes. As the subiect lies
outside our purview it is being studied hy a well-known' manu-
facturer of scents and perfumes. This sa.me expert found among the
by-products of the milk effuent investigations a substance whic-h we
had been seeking to destroy but which he regards as of considerable
potential value ?Ls a means of enhancing scents. Trulv it is im-
possible for anyone to lnow where a scientific investigation may lead.

VIRUS DISEASES
When the Imperial Agricultural Conference of lg27 recommended

that a central station should be set up at Rothamsted for rexarch
on virus diseases, it was recognised that their control would best be
achieved by a study of the viruses tlemselves. It was realised that
if the pathogenic viruses were living endties their mode of life must
be something different frorn that of a bacterium or fungus, and no
satis{actory treatment could be devised without an adequate under-
standing of their nature and the conditions of their activitv. The
work at Rothansted accordingly was designed by Dr. Henderson
Smith and the staff of his dc[irtment for'more 

-general 
stud.y of

viruses rather than the specialised investigation oJ the indiviilual
disease and the individual crop, and the research now irt progress
continues to bear this character. Particular disca-.es are stirdiid in
detail from time to time as occasion demands, e.g., the aucuba disease
of the tomato, the virus diseases ol Hyoscyaius, but alwavs with
the object of furthering the more gencril reiearch.

The precise naturc of a virut is still uncertain, and the work
continues to probe deeper into this question. It has been shown that
the virus is almost certainly partlculate, and not diffused throughout
t"he liqui&; in which it is found, that it is of a definite size ivhich
rernaiDr the same, ildependent oI the host from which it is taker, and

917
16 1625
l0 2t
l0 t4
12 13

grams.
18.09
l8 40
29.70
26.86
26.81
I1.74

trams.
22.90
21.71
21.52
21.62
28.50
r0.68

tl-alrls,
20.49
20.05
28.8t
24.15
27.66
lr.2l
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that different viruses are of different sizes. The virus could not be
obtained wholly free from nitrogen nor could we substantiate the
statement that it is crystallisable ; we have, in common with all other
virus workers, failed to obtain multiplication in the absence oI living
cells, and have produced some evidence tbat it is not, at least in thi
case of one virus investigated, an invisible stage in the lile history of
a visible bacterium. Is physical and chemical properties, its behav-
iour ulder enz),me and photodynamic action, and other characters
have been studied. The dirovery in America of the local lesion
technique has greatly facilitated damination, but this technique is
itself not so straightlorward and simple as it seemed at one time-, and
its results are largely dependent on the previous history of the in-
oculated plant. All these questions are still under examination, and
are taken up again and again as further knowledge suggests possibly
fruitful lines of attack. At present our position is that it isdiftcult tb
deny the living character of viruses, but their extremely small size,
approaching molecular dimensions, suggests that they aie alive only
in the limited sense in which a gene is alive, and that they are in-
capable of independent existence.

Their relation to the living plants in which they are found has been,
and is being, studied in great detail. During the last Iew years virus
research eveq,rvhere has passed out of the descriptive stage, in which
an account of the s]'rnptom-slmdrome o[ a disease tas considered
sumcient, into a stage that is much more analytic; and t}Ie gen-
eralisations of the earlier pend are found to be inaccurate. It has
been shown here, and is now generally believed, that a virus drsease
is not necessarily a general systemic disease, as was at one time
thought, but may be localised within the infected plant to definite
circumscribed areas, in which the virus multiplies. The mode of
movement of the virus within the plant was considerably clarilied
when it was shown here, for the first time, that virus did not travel
in the water-stream, as had al*ays previously been assumed, but
was associated with living tissue only. There is still scope Ior much
work to be done on ttris subject, and on the methods of infection and
the factors which influence success or failure in inoculation. The
effect of viruses on the metabolism of the infected plant, v.ith which
is bound up their slrnptomatology and the damage they inflict, has
been and is being studied. A recent development, of which the
further outcome cannot yet be foreseen, is the discovery that a
plant inoculated with one strain, possibly of low virulence, of a given
virus is protected against later inoculation witl a second, possibly
more virulent, strain oI the same virus. The occurrence of strains
differing from one another in one or more req)ects is coming into
m<.rre and more prominence, and it seems certain that such strains
may arise in nature as well as in response to artificial treatment.
These questions have occupied us during the past year, and will
continue to do so in the immediate future ; and some preliminary
work has been done on the introduction of serological methods into
our plant virus research.

The intimate changes which ttre presence o{ virus produces
within a cell have received much attention in the Department in
recent years. The demonstration that the intracellular inclusions,
rrhich were long regarded as characteristic of the presence of virus,
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are not a stage in the life history of the vinrs but are in the main areactron oJ the_celkomponents to the virus, a demonstration which
nao oeen bas€d on drrect observation of tbe changes occurring in theinfected cell, has been strikingty conf.irmed btttiS-tu th;;;A; ti;irt rs posslble by chemical agents, e.g., molvbdic acid. to iirduce the
tor"matron ol slmilar inclusions in the absenc'e of virus. The cond.itionswhich control this lormation of inclusior-U"ai", -" ,tiff'rU*r[.*iliwe have been errdeavourilg by micro_manipul"tir; ;J;;;
orssectron methods tg-study the changes induied inside the ceu on!'rrus rntroduction. This is a highly slilted and difficult technioue-whrci rs not-vet fu y perfected, but it ought to add considerabli to
.rll -Tly,"gq: 

ol.what occurs w"ithin the cell as the consequenci ofme entry ol the vlrus particles.
The Iact that in niture virus is mainly transmitted from Dlartto .plant. by_the agency oI iDsects ha.s led to mu;h'i;bo;il ;;Jwthrn the Department. Ttre determination of the ilsects mainlv

responsible for dissemination of the yiruses studi"a t* i. 
""--J-;'-trvely strarghflorward, though the fact that tle vector for one oi thecornmonest.ot our potato_virus diseases is still unidentified showstllat the-tasl<- is not always easy. But there are many problems stillunsolved whlch deal with the mechanism of the triniference fromplant to plant, ard the behaviour of th" "i.* *ithi;;ffi;; ^i;j;

generally assumed that the r.irus is introOucea into ile ;an-i ;fithe saliva of the infecting insect ; but it i. noi J"r, frovi th;;";
reacnes the salr\-a, what interferes u.ith it in those insects which donot.function 

,as vectors, nor why one insect ."" 
""rrv-*nU" "".itiiot slmllar habit does not. It is evident that the ouintities of iuice

must qe very small indeed which can Ue taten inio ihe-it #;;
canal through 

^the 
tin].stylets of, say, an aphid in the few minute's

sufflcrent to tntect the insect, and we have tried to obtain some ideaoI tne quantttres involved. Three methods nere used. includins
feeding the insects on radio-active material. ;hose;;;;;; #;;i:quartit-v can .bc measured ; and the results 

"r" 
il i"i;;;;;;;d;;.tne amount rs so small as practical ly to demonstrate that mutti_plrcatron must occur witlrin the insect in those cases wbere the

inse.ct remains infective throughout its tife atter a sinsiJ-sh;;;ril;ol leedrng on the infected plant. We have tried-throueh6ut to
lntroduce rnto our e-ntomological work quantitative method;, and an
exrensrl'e-stud.y, stlll tn progress, has been made of the ouantitative
relatrons between number of insects, time of feedine, anid resultantinfection. 

, To obtain results statistically 
"aiO. 

tlii'ilvof-"".-.*"i."
large number of plants and much repliia.tion, b"tlt il;l;;il i;eto the detcction oI a marked seasonal r.ariation l" il" i.f*ti"ii" 

"'ithe insects used, and wiU itsetl place on. fir- io""datio";;;li ih;i
rs conunonly accepted on rather uncertain evidence.

ENTOMOLOGY
, , 

The work of lg34 was mainly concerned with studies of the factors
g9t9rmtnug the lluctuations and migrations of insect populations-lr rnvolvcs taklng trequently ard systematically a censirs of thepopuatlons ol rnsects concemed and met}tods of daing this have beenworked olt. The results are then correlated *itn 8i-*"ti. i""iJ[.
and, for the night flying insects, s/ith m-rlight ;; ;ildir;;iA:

c
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skv: oI all these factors temperature aPpears to be the most im-
oohant. Dr. Bames contirued his work on Eall midges and lllr'
h. C. F. Newton carried a stage lurther his observations on the

""io"tiiil"J -A f""ai"g reaction; of the sa*{ly Ptercnidcamtlanaslis'
'The investigations oin bees made during the last eleven.year.s by

Mr. D. T. M. Ml-orland have attracted more and more attentron lrom

"t."ti""f U""f.""r"ts and last vear tle British Bee Keepers Association
l""i""t""a the ium oI [250 

-annuatly 
for a period of three years' to

i,t i.h th" Asti.uitural iiesearch Council adds another{250, to Permrt
of the invest''ieation of Brood diseases. Dr. H L Tarr was apPolnted

;;;;;';;;[;;a L"e* on May lst, 1e34. rhe Lister Institute of

ireventive Medicine- is kindly- allowing Dr' Tarr the.use of thetr
Lborato.ies for the serologiial and otler inrr'estiSations thereby
savine considerable redupliiation of rostly equipment and ensumg
adeoriate control on th; bacteriological side A very successtul

lonflrence with oractical b€ekeepers was held in May, 1934, in whrch

ih"ir 
""oerience 

was freely set out for the benefit of the investi8ators'
'it i. t"a' ,o a request for-further conferences and a further one- was

rt"iJ i, ll"i', r$t,.n swarming, a subiect on which Mr' Morland has

been workins for the past few l'ears and has now accumulated a mass

"i ".r*L'r" 
iirr.-"ii6.t. Sornd$o p"r"ons attended this Meeting and

as no hall could be had to hold them, a marquee had to be erected'

INSECTICIDES
Drs. Tattersfietd and Martin are studying further improvements

in the method oI the chemical evaluation of sartrPles o-!-Plreth.r.um'

and they have begun a parallel investigation on derns l he resluts so*f.i:;d# 
i;;? attlacted wide intErest and Dr' Tattersfield has

;;;;;idd to tt" Ur,it"d States to confer with American experts

on the subiect."^'6*;"-" i. -.frt.tase 
of stalf the work on soil insecticides and

fr;dE t at- b"en "i" abey-ance for a few vears but this is now

resuried, thanks to a grant from Imperial Chimical Industries' and

Mr. W. n. S. Ladell his been appointed in charge'

STATISTICAL DEPARTMENT
Much oi the time of this department is occupied wi!!.the desi8n

^"d;;;;it;i t*ii."i"a 
"xpehm"nt" 

at Rothamsted' wobum and

il-fi;J -;;d 
irti" *o.t c6ntinues to expand as shown by the

following table :

-- 
:-- . 

-N {rnbel of E z I 2lirnznls Plot Yieds AnotrYsed

Year.

1925
1926
tg2i
1928
1929
r930
1931
1932
r933
1934

Rotham-
sted and Outside

C-eltres.
Total.

Rotham-
sted and Outside

Centres.
Total.

328
813
959

1,659
t,'17
2.255
4,012
6,916
7,4N
s,112

8
l3
t2
ll
t2
14
I3
l7
l6
t1

1
5

\2
t2
24
4l
49
7A
98

8
t7
t7
2g
21
36
52u
93

lr5

328
740
809

t,267
1,565
1,34t
2,044
2,t53
2,629
2,0c0

t50
302

918
r,068
3,752
4,870
7,OA2
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In addition a considerable anourt of assistance is siven to
agricultural ex-perimenters frour overseas. Some send or bring their
proposals.Ior field experiments so as to ensure good design, -otlers
bring their accurnula-ted data for help irr extricting aI"the val.id
information they can be made to yield. There is a sriwins denatrd
for this kind of help and it is ho*d that permaren-t provi-sion may
be made for it.

As special pieces of work during the year Mr. yates has studied
the applicability of the zr test to contingency tables. esneciallv 2 x 2
tables, involving small numbers. while lie arid Dtr. Cocliran b6th de-
voted considerable time to tle study of the Wobum data. This
Report is now complete and is being prepared for the press.

THE CONTRIBUTION OF ROTHAMSTED TO SOI PHYSICS
B. A. KrBr

. Until l9l3 no systematic work on the physical properties of soil
had been done at Rotha.msted or indeed- ii Greai Britain. The
investigations were suspended during the War and resumed in lglg.
Most of the publicationa of the Physial Department fall convenientlv
into a few groups, and these 6ave beeir utilised, rather than i
chronological order of papers, in the short account that follows.A firll discussion will be found in the Rothamsted Monoeraoh
entitled " The Physical Properties of t-he Soil."

Mrcnexrcer ANALysIs
The methods of mechanical analysis have been develooed in two

main directlons : existing methods birsed on the separatiorirnto a few
groups or fractions have been improved both 

-in 
simDlicitv and

accuracy : and much attention has been paid to the elegani proc"edure,
first evoh'ed by Oddn in Sweden, by whiih a particle size dttlU"tio"
curve is obtained.

_ In Great Britain a co-operative investigation was organised Irom
Rothamsted to test t"he suitability oI twtimportant iriorovements
devised by Robinson oI Bangor, Wales : pre-treatnent oithe samole
with hydrogen peroxide to remove organic matter, and the srjb-
stitution of.,pipette sa.mpling for separation by sedimentation.
Two reports(r) were issued, recomrnending for olhciat adootion in
Great Britain the use of hydrogen peroxidi in the pre-treat?nent of
the sarnple, and the employnent of the pipette Ior determinins the
percentate of the silt and clay fractiois. The new mettrocl" was
subsequently adopted, with a minor modification, as the Omcial
Mettrod A, of the Intemational Society of Soii Science. Thus, the
Internationai and British methods of mechanical analvsis are
identical, except {or one minor difference. In changins their-method.
British workers were faced with many difficult-ies- in preservins
continuity with the extensive results accumulated bv 

-the 
otdei

methods; but the international character o{ soil science, and the
@ accepted universal m"tirod, -er"
ol sorls: a ueport otr rbr l,r.spor P6nioo, aod k- oDm.nd.rions for a \ew oani:t \t"ih; ;
J, Aant. s.' , 1126, \or, x\ t. pp. r23-l,lt : ..Th. Reo+d oEciat Bnlish Ierhod tor y..haai;:t
^@)sc, J,49n.. s.,.. tcza, \ot.x\IIl,pp, i3t-739. 5"e.lso..Th. O6ctal I.rbod tor i;vElznidl Anairsi5 of sorls Adopr.d br rbe .-*ricutlurat Eduarion aa;i;;;i,il_q'ii-- ;-ijPr.ctB, re26, vol. III. pp. 106- I l0: and ,, RetEed o&ciat llerhod ror rh. naruic.i i.iar;'i.li$E A@ptpo Dy rn. {ghcurtlEt Ed@tio! A.€.{i.rioo i! 1917.,. Agric, prosrEr l9t , v;t. v.pp. 137-r4a.
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coosidered to have over-ri.ting importance. An apFal (r) was made
to all soil workers to take similar action, with little or no effect.

In the Intemational and British methods, as in many others, a
Iine mesh wire gauze sieve is used to separate the coarse sand. The
gauze stretches gradua[y wit] use, and the originally plane surface
becomes bowl-sha@ ; in addition the warp and weft wires undergo
relative movements which produce mesh aprtures botJr larger and
smaller than the original ones. A mathematical and experimental
exauination of these two factors showed that no serious error was
probable until the sieve had become badly wom.

Od€n's mettrod is based on the measurement of ttre prqgressively
changing density or hytlrostatic pressure during the sedimentation
of a suspension. The particles settle on a pan immersed in the
suspension, and the increase in weight is recorded at interv-als.
Evidently it is desirable that these intervals should be as short as
pos.srible: in other words, tle balance should be automatic and
continuous recording. A balance fullillhg these requirements
was developed (8) by tne Physical Deparhent at Od6n's
suggestion. An apparatus which gives a continuous record of weight
changes has, of course, uses beyond mechanical analysis ; this was
demonstrated in an interesting way during the final trials of the
apparatus, when a disconthuity in the dehy<lration of certain salt
hydrates v/as discovered. (') Further work with ttle apparatus in an
attempt to elimhate a discrepancy betweeD the calculated and
actual final weight caught by ttre pan, led to tfre disconcerting
discovery of an inberent defect ir tle Od6n procedure (5) and, indeed,
in every ottrer metlod of obtaining size distribution curves. The
error arises because any attempt to measrue changes of density or
hydrostatic pressure irr a sedimenting suspension is bound to disturb
in a complex fashion the very factor it is desired to measure. Thus,
in Oddn's metlod, tie pan shields the liquid below it from the descent
of particles, while tJee liquid in the annular space around ttre pan is
not so shielded, and a density diflerence is set up between them.
lntercha.nge of suspusion betwe€n thes€ two r€ions inevitably
occurs, which interferes with the free vertical fall of the particles and
destroys the fundamental assumption on which tlle mathematical
analysis is based. Many experiments were made in ttre bope of
removing the trouble, or at least of reducing it to a systematic error,
n ithout success. Although this seriously limits the use of these
methods lor purposes of research, they are useful for specifying
rapidly the approximate mechanical anallsis oI a soil. An exceed-
ingly convenient and quick method has been devised (c) whicb
gives, in effect, the time-rate of change of tie excess density of the
suspension at a given fixed point. The readhgs of the manometer

-(r) a. r. X*, - rl*h.oi*l .\r"li*i,, :1",1.J..4 l.,..rati;dl. Soil Rse.rch. lers

(3t J.R.H,Cou s, U. V.arowrh.r,B. A. Ke.n,an<lS-Odao-_ Ar Auro@lrc aod Cotrti!@u.
Rft;rdils tsaLne. ( ahe cuao-Ka t.lrae.) PrG. Roy. Soc., A, lerl, vol. cvl, pp. 3i-51.

(1) E. y. Crcqlher.nd J, R, H. Courts -" r Disorinuity in th" Dehtdralioo ot Clrtai! S.ll
Hrd;r6." Proc. Roy. Soc., A, l9rl, vol. Cvl, pp. 215-rrr.

(5) I. R. H. CoutB .trd E. ll. cro{ther-' A Source of Error ia tb. M.chadel A!.lFis ol
S.diddts b:r ContiDuous Wekhils. ' Trs. F.r.d.y soc., 1915, vol. XXI, pD. 174_1E0.

16r L. lt. cbFth.r-'The Direcr Detelminatiod oI Distributior Clrc of P.rtLL Si4 i!
Surtr>ioD.. ' l. Sa. Ch.o. lod.,l9r7, Vol. XL\'l, pp, losT.l07f. E. M. C!ort[6-" A ll&o_
'Gki. rDD.ratiB lor rh. Dir(i iDeterimtioD or Sioutiotr Peeot 8! cw.s in Mahlic.l
An.llEbl P!d, Filsr I!Eh.t. Corg, Soil S.i., 1917, Vol, I, pP,lgl-llil.
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are then directly proportional to the srunrnation curve, and onlv one
differentiation is needed to obtain tbe distribution curve inste"ad of
two, as in Od6n's method. The apparatus is particularly suitable lor
givi:lg summation curves lor thi ioarser Irictions oI ioits, and ior
sandy soils, and is apparently accurate to within 2-B per cent.

SorL REAcaroN

. 
Th3r9 is no sharp boundary between phvsico-chemical and

physlcal _properties of soils, and the Depanment has therefore
examined certain physico-chemical aspects of the subject. Aitei aprelmmary rnvestrtation of colorimetric methods (?), the electro_
metric method was taken in hand; the rmportant teihnical problem
of designing a - satjsfactory hydrogen 'electrodu 

""o"l ioi-7if
measurements ot sorl suspensions was solved(8), and the aor,araius
was.used in a series. of hvestigations. The ielations Uetwtin aU,buffer action, the effects of eleclrolytes and lime requirements riere
glarified. The unique series of ilassical .*p";m""tii olot" 

-at

Rothamsted and Wobum was examined and'the chaneei in ,H
produced by the long continued applications or 

"ario* *inr.., 6",
determined; one conclusion of fr-acticat importance was that the
9I-99-. i" ,H value as a result-of applying'lime to the soil is less
than that shown in tl.re laboratory o'wing"in part to the s[b;il
acidity.(e) A detailed study of the ciepth dtitribrition of reaction[r;)
on t"he classigl plots showid that changes of reaction in the surflce
layer affected the lower deptls to at ieast 86 inches. Theie deoth
changes in ,H were also associated with marked differences'in
soil texture, which are not, however. a simple firnction of the dH
The topsoil, although the most acid, sho,""J,i, tf"..rf"1i";, p;;;Jbl;
owing to the protective action o{ the humus colloids; the'd}9 incL
deplhs qlowed distinct floccu.lation but the suspension ,"-^i""a
turbid-; the.lower depths flocculated completely ind immediately,
possibly owing to the accumulation of calcium 

-.rrd 
.lomirir.* ioi"

leached down-- Iro-m the very acid surface layer. fn"s" i""t"i^t
differences will affect air andwater movement 

-within 
the soil : thev

are important indirect factors in the relationship between soil
reacfion aod crop gror+th.

In practrce, ttre amount of lime needed to correct soil aciditv is
usually determined by one or other of nunerous .. lime-reouiremeit,'
metlods which, on differeot soils and in the hands of differe'nt workers
gay $ve widely varying results. The weU-lmown Hutchinson_
lllaclennan method, which measures the interaction of soil with a
calcium bicarbonate solution saturated with carbon-dioxide, was
shown (rr) to underestimate ttre amount of lime needed to proiuce a
neutral soil, and the value obtained depended on the amou.its of soil

-- 
or-e 

"ot th. Hy-dros@ lo! comol*iioq iD sous aad,{q;;; s"iiE;i;;"t;.-ii+.i;i;;; d.J;';;;-akE ) " J. A€tic. sd., !lrl, vot. XI, Dp. 19-65.

, q) E. M. CesttE-" Stuilie oo SoU R.ecuou. ltr The D.tmi{.tion o, !tr. Hvdro.etr
it.?ri;X'i'r:,r"r'r:" "cFNoE 

bt veDs or .l. Htdiosen Ele!rod.." J A8,i.. sc'i.. rd25,

.- (e) P._y. CE rier-. Stlrdi6 oa Soil R.acrtoq. Iv. Th. sorr Rracrioa ot colriruoErru.Dueit Piors.r Roth.@rcd ud wobm.- J. tu.i4. fti., reta, v;l ii: pi,.-giisiil"*-*"
_(ro).E. M..CEwth.r-"Srudi6 otr qoil Rcaclion. v. Tbe Depr!-Disrribuabtr of R.idion.Ddrrcoflrotr rtl (jDr D@ustv yaDurrd Soils, ' ]. -{gric, Sc ., 19t5, \.ot. X\', pp. 23r-S16.
- !!)_E. lt crcwth* eoa w. s. uaflio -. SrudrFs oo s6il Racliotr. vt. Ih; rnt.lacriod or Acidso!L, c.ki@ c5rboEt .[d tv.r.r. i! net.rion .o rha D.i;;;i;. 

"i-. u;;'i"'q1;;;;;;]ri
J. Aad.. Sci., r9t5, vol. x\', pD. ,5?-rr5.
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and of calcium bicarbonate solution used, owing to t}le buffer action
oI ttre soil. Indirect titration curves derived from these results
diverged systematically from direct electrometric titration curves
because of the variable calcium concentration of the Iinal bicarbonate
solutions. The " lime-requirement," therefore, should be obtarned by
interpolation to some agreed arbrtrary concentration. The incor-
venience of making several separate measurements to obtaln the
curve was avoided- by the discovery oI an empirical relationsNP
which enables the interpolation to be made from a simple deter-
mination. Recently, a new method has been devised (r') for assessing
the time-status of a soil, which should prove very useful owing to its
rapiditv and simplicity. The organic acid, p-nitrophenol, is half
neutralised by lime water; the /H is then close to 7. When soil is
added lime will be abstracted from or supplied to the solution,
depending on whether the soil was originally more acid or more
allialine [han the solution. If this quantity of lime is not large
compared with the total lime in the solution, the 1H of the solution
remiirs close to ?. Simple titrations of the filtered and original
solutions are made, from which is calculated the quantitv of lime
that must be given to or taken from the soil to bring it to neutrality.
Other /H values ca.n be used by emplof ing different acids which,
tike ,-iitrophenol, have soluble calcium salts, and the range can be
furtlier widened by increasing their concentration. A buffer- cuwe
Ior a sorl can thereiore be traced in detail, since Iime is the prin cipal
exchangeable base in normal soils.(t8) The individual points on the
cuwe dn be determined by an electrical conductivity or, if the widest
range of ,H is needed, b, titration. Both methods are rapid and
simple, the former being especially so. Exa mination by these means
of s-oils of different types, and of plots that have received markedly
different manuring, shows that the form of the curves will throw
much light on soil diJferences and soil genesis, as the crr- rves for
differen{ soil samples show both marked similarities and differences.
For example, the partial buI{er capacity at /H 7-which can rapidly
be measurld by tlie change in electrical conductivity produced when
soils are put into a mixture of 0.1 molar KTHPO. and 0.05 molar
KHrPO.e')-ls closely correlated with other physical characteristics
of tlie soils, such as the heat of wetting, and the moisture content at
5O per cent. relative humidity (See p. 4i|).

PLAsrIc BEEAvIoun op Sorl AND CLAY

The Departrnent has given much attention to this subject. A
wide range-of moisture content ha-s been used, giving all siages of
consisteniy of the soit, or clay, between plashc behaviour (c.f.,
modetlingifay; and quite thin pastes. Specia.l interest attaches to the
latter as, in aililition to its intrinsic importance as a problem in a neg-
lected fi;ld of pure ph5nics, it offers a means of studyirg the colloidal
properties of ciay particles over a range of moisture content in which

rrz, n. x. s"l.ii"u " t"oia ri"Il.a. or e'".l.i,s soil, ll. Th" u*;r p-\i,-ph"n"l (-
A5i6sinA U:d. Sr.lB." J. raric. Sci,, 1933, \'ol. XXIll, Pp.25,_2i4.

rrsl R. K. Scboli.ld-" No!. on th€ Ue{ol&<s oI Buffer C.pacitv itr Soil EraDio.tiofl_"
Trins'. sirrt codd. loteEar. so.. soil5.i., 1933, \'ol B. Pp. 60_E{.

rl.) R R s.Lolictd-" RaDid ll€rhods ol Et.mininx Soils. IlI Tb. Us" ol Dihvdro8eD Por's_

'i"i" i'i,ioLGi" ii,o'."s iJa* F.lcbina. c.P.ariv."- I. {8ric sci.' 1e33, vol. xxlll pp 25s
,60.
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both solid and fluid (or viscous) properties are displayed ; in field
conditions, oI course, the former only is predominant.

In the ceramic and allied industries, a number of measurements,
more or less empirical, have long been used to specify the clays at
different stages of their preparation. Iteliminary examination of the
behaviour of clay and soil pastes showed that improvement, both
in the theory, and in the design of suitable apparatus, was badly
needed be{ore progress could be made. A series of papers pr) describes
the development of the tleory and the experimental results obtained
with a specially devised plastometer and flowmeter.

Exarnination oI the flow curve when the stresc is progressively
hcreased from zero to a value which is still below that producing
turbulent flow, shows that four stages can be recognised. Stage I, no
flow until a critrcal shearing stress is reached-the paste remains
immovable. Stage II, piug flow-the paste moves like a solid rod in
tle capillary tube. This agrees mathematically witl the hypotbesis
that the plug is sliding through a very thin layer of " liquid " oI
constant tbiclmess, probably hydration envelopes of the outermost
particles modified by the proximity oI the capillaly wall. Stage III,
mixed flow-a complex range which can be qualitatively de,scribed
as a central plug moving through a sheath of paste that approximates
to skeamline {low. As the stress is increased, the diameter of the
central plug progressively diminishes. Stage IV, pseudo-strearnline
flow, as for a tmly viscous fluid, with ttle restriction that the
properties of the clay paste are modified in the annular region near
the wall oI the capillary tube. In effect, the consistency of the paste
in this region is lowered; the cause is not yet understood, but
experimert shows it is not due to orientation of laminar particles in
the direction of flow, nor to a decrease of concentration as compared
witl the paste in the centre portion of the capillary. This modifica-
tion must not be confi:sed wittr the layer o{ hydration envelopes
described in stage II. This stage is inhibited if the inside of the tube
is previously lightly etched, whereas stage IV is unaffected.

This work has a most important beariog on the extensive studies
of other workers on " structu.re viscosity " and " structure tur-
bulence." There is some obscurity of meani-ng in these terms, and no
simple relationship has yet been demonstrated between the properties
they are supposed to describe. Nevertheless, if they exist, our work
shows that their effects must cancel each other exactly in all the
hundreds of soil and clay pastes we have investigated over a wide
range of stress. (r') This is so improbable, that it raises grave doubts
as to the reality oI " structure turbulence " and " structure viscosity"
in soil and clay pastes, and indeed, iu otier systems.

The value of the above work on soil pastes is to provide a link
116l G- W- S6tt Bl.E ard E- M- Crorlh.r J Tn. Flow ol Clev Pest s Lhmuh Nr r (ot Tubcr, '

I- !h;- ch.e. lt29- vol. XXXltI. DD. 3rI-330: R. K. ftbofreid and G. W. s@!t 8lri. -" The
iDtrE;a 6l rh; Ptunnitv ol a soria W.rr on lha cocisr.ncv ol vieu .ad Pt stic V.t€n 15."
I- PLE- cb.n- I9!0. voi- XXXIV. oD. ,4E-r6r: G W. S@it Blrir-'A Furtber Stqdv of tt.
Idflu;ie ol rhe Pdimitv ol a soUit'lvarl on lha cocisretuv ol vi@s aEd Plas.ic ltiteriab."
I- PhE. cber- t930. vol:xxxlv. @. l5o5-t5o8 : R. K, scb6ficld atrd G. w. s@t! BL'r-'Th.
IllIuEe oI t!. PDriEir' of a SoUd W.! oD Ue Coosistc.ca of v isB aod Pla5 Lic vateri.ls. I I I. "
Sc.l5oG. w.S@tt Bl.i;-'Th. Rlcolosy of Soil Pastes.'J. Rh@lqy,l9t0, vol.I, pP. lr7_138;
.!d R- X. Schofl.rd -'Si6pl. DeriEtioEs of Sor lmporaant RelaiibBbiF io CaPrlary Flot'
PhFku, 1g!t, vol. Iv, pF. trt-rt8.

(16) G. W. Sortt BLi!- U.berdl. GehtitrdiSk ilstuoktio!dcrVi.kcitet disFer Slst.o.."
KdL Zdt!.. rr, v.l. YI.VJ, pp. ?G8l; Vol, XLVIII D. 281.
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between the ertreme condition represeuted by soil in ttle field and
the weak suspensions used for flocculation and sedimentation studies
and in mechanical analysis, and to show, in a fresh aspect, certain
familia: properties of soit.(u) A number oI examples follow. The
behaviour oJ soil and clay pastes depends on their previous history:
a paste made from soil that has been dried does rot show the plug-
flow of stage II. The !'ariations in the resistance to the plough over a
field are closely correlated with the shearing strengths oi pastes made
from soil samples taken from that field. Since shearing strength is
independent of rate of shear it follows that ploughing speed should not
appreciably affect the resistance to ploughing-a fact that was
observed in the d5mamometer measurements. (See the section cm
Soil Cultivation.) Farmyard manure, and large dressings of chalk
reduce the plough draft and also the shearing strength of the soil
pastes. Changes in the elusive but fundamental soil property known
as " tilth " can be studied by plastometric measurements on pastes
nade from sarnples taken at suitable times during the year.

Finally, at the request of the fnternational Society of Soil Science
a report has been drawn up contaimng recommendations for stan-
dardising the use and meaning of tle numerous terms employed in
thissubiect in the English,French.German and Russian languages. (rB)

Bcluviour of other soft materials.--The work on clay which
behaves predominantly as a plastic material, was extended to
arother substance which shows both plastic and elastic prop€rties.
Flour dough was selected for study, as tiis material has considerable
elasticity and a high degree of pla-sticity, and it was anticipated that
the result would be of interest to the milling and baking industries.
For this reason the technological aspects were investigated ,ointly
with ttre Research Association of British Flour Millers. Theoretical
and laboratory studies of dough have been made (10) , in addition to an
extersive study od the baking qualities of flours in relation to their
behaviour in the laboratory tests. An important feature of the work
is that dough shows a phenomenon similar to the work-hardening
of metals, since the time oI relaxation and ttle viscosity for a given
stress depend on the total deformation; two further properties, well
knovm in the study of metals, are also present: elastic after-effect
and elastic h]nteresis.

RETAfiONS BETWEEN SOIL AND ITS WATER CONTENT

The classilication of soil moisture lirst adopted by earlier workers
on soil physics recogrised three main divisions : hygroscopic water.
held so tightly to the soil particles as to be unavailable Ior plants;
capillary rrater, free to move under surface tension forces; and
gravitational water, which drained away because it was in excess of
what the soil could hold. Altlough these terms were introduced

(17) B. 
^. 

X*! .od C. w. s@!! BLir-_ Pl$r.@!ric Srudi6 of soil .ud cLv P.3tE.
J.;ta;c. sEi., t9r9, vo!. xlx, pp.68{.700; c. w. s.ot! Bl.iradd F. Yats-_ Tbe Effet 6I cridaric
V.ri.tih.otr tt Plasticity ol Soil. J. Aaric Sci,,ls3r, Vol. XXII, pp,659-6,16; G.W.S@rt
BLir- 'CoGi.t6cy coGt.rB ol rb. sloil rirh spccid R.Ieoe lo Field OFntiG." Tru,
SltO C-ED, Ior.@t, Se. Soil Sci., A, lllr, pp, ,,16.15r,

(rE) G. w. Scott BLir-- Ilfilitioo aad TB.d.ton of R"h@lo€lc.l T.!G us.d in soll PbFi6."
Tru. flEt CoEo. Intcmit. Soc. Soll Sci., l9:X, pp. 159-16r.

(19) R. X. Scboli{rd .Dd G. W. S@rt Bl.ir.-'Tte R.lati@sbip b€tr..n viscrly, Ek3riciry
.Dd Pl..tk Strlast ol Sort U...ri.ls E lllostr.ad by 6om. vebD.,cal PrcFnl.s of Flour
DolrlE.' PiE Ror- Soc.. A. rtD. 1ol- CXXXVIII. DD. 707-718: ll3l, vol, CXXXIX. DD.
5a?.t66; les,a, Vol. CXLI, p!,. ?t-86.

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 24

4l

puety as a convenient qualitative description, they acquired an air
of reality, partly, no doubt, owins to thd lack of ideouate ohvsical
investigations on soil moisture rel-ationships. The incieasin! itten-
tion pa"id in pure science to colloidal phenomena led to th" re.&nitio,
of colloidal properties-in soil. The'colloidal material has its"origin
iu the clay and organic matter and, although little direct evideice
was produced, it was considered to be distributed in a thin laver over
the larger mineral particles as a kind of gel or emulsion 

-coatine.

Many of the earlief experiments of the Deiartment dealt with tli"e
possible-effect of such a coating on the soil moisture relationships. (e)
It was shown that the vapour pressure oI moist soil was ve* .ir.d t6
that of free water until the soil moisture content had reached ouite a
low valxe. (See the remark on ,,hygroscopic coelficient,,, p.,{4.) it was
concluded that over this range-which is at least e{ud io, and
pJobably greater than, that on which plant roots can draw -the
physical properties of the soil moisture were not appreciablv different
from that of free water; although later work(irj sueeesls that an
appreciable proportion of soil-watir is hcld or imdibed blisoil colloicls.
it is improbable tlat the association is the intimate 6ne visualised
by other workers who use the term ' bound-water.' which imolies a
profound change in its physical properties.

Attention was therelore tumid io the moisture ranges defined
as "capillary water" and ,'gravitational water" in the otd ctassiJica-
tion, to s€e how far its behaviour could be interpreted by the simple
laws of surface-tension over curved surfaces. (sr) ile ideal-soil of eqial
sized spheres, arr-anged in regular packing, and free from coUoidal
material was employ:ed in boih the iheoret-ical and practical studies.
The importan_t feature of these investigations was tliat attention was
focussed on the geometry of ttre porispaces in the ideal soil. The
pore space is essentially cellular, and the cells communicate with one
another through narr.ow necks. This structure imposes a quantum
character on t}te moisture cbanges over a sreat oirt oI the hieher
moistu-re range. The individual clll does not-fill oi empty by smSotb
reversible changes, bxt sho\ys two unstable stages ai *hiih titting
or emptying is completed at a bound. The movement into or out o"I
the cell is -controlled by the pressure-deficienry uader the curved
water meniscus and, owing to the geometry of the cells and their
communrcatlng necks, the pressure deficiencv lor a cell to emDtv
(decreasing moisture conteni) has a higher vaiue than that at whicir

(r0l B. A. K..tr i Tte R.latioos ElBtilc Bet@ the Soil ad ils Wat r Corr.Dt.'. I adi.-
sci., lero, vol x, pp. 44-71 i ., A o@rtraliv'e R.t.rioo Ber{e€tr soil a;d rb" s"ii s"i;iio"ij.;l;;out Dy rrMt.r,oEi D.1.mi!atio.B. ' l. AEric. Scj.. 1919. Vol. tX. D- 400{16 : ..ihp
Ev.poEtioDotwahrfrcmSon,,J.Asric.S.i..i9ra,\'ot.vI,D,ri.{J6.t?ij.itueevawiarionof
wal.r r'oE Soil. II. ltrnu.nd of soiihT. .rd urouri.r Tra6.nt... ll e.ii.. s.i 'iiqr _vJ
xl, pp. 432-440; tt, A. Ken, E. lt. CrcFrtkr, and J. R. H. CoDrrs_..Tt. EiaDEiion ot W.r.ilbE Soir. III. A Cririet sruily ot th. Trchniiue.,r t. 

^mc. 
Sci- 1916. t.t. Xii ;; ios:rtt;

A. N. PF, E. M. Crcwth.., ald B. .{. I{en- . ]hc R.larioD betw@ ihe VaD }i6ur..nawaLr(bot6(oflioit3.'J.Atric.sci..l92t,\_ot.xv,pp.68.dlI E, v.cofih.iand-{. N. I'ui_- ln rldu.ct Mesullbqtof rb. Aqueoc Vapoqr.PBure oI CaDiuare S6teEs bv E Frdrr-
Foiat D.prt sioo or Bcu.!c." PM. Roy. Se. A. tgri, Vot. CVI, pp- ,!2.2.rr,

(,l) E. W, Rus.U.nd R, S, cupra-.. On rbe y.asqred.ur ot IDbibitiooat Wat.r.., J. ASric.
Srci., 103{, Vol. XXIV, pp. ttG3t5, 

_

-- lrr) B. _4r 4eD-:1'- On tht lbisrr Relariotrships i o an ld.at soil. , J. Asric. sci. . t er.t, vol.XIV, pp. 170-l?l; W. A. EahB-..Srudic! rn tM phvjcrt prcDeruee;f S;ik. IV A F,idf,.;
Coltribudoa to tle Tb@ry of (ipillary Ph.noola. in Soit," t. .{nic. S4i-- r0r7. Vd ravrr ;;
,6!-110: " Srudie in the Ptysrt PioDerrB or soil. V. fb. itwrcr.i. eirit i" L,"iirii"
Prop.rtie .!d t!. vod6 oI oisrure DislributioD Asqmi.d Th.r;pirh " r A'rt. s.i' tc!.i
Vol. xx, trp. e7-lt6 ; B. A. Keo- A Nor. on tbe caoil-y Ri* ot Wji.!-i" .;n.rri A;;.]
sci., le 19, vor. I x, pp. 196-89e : .. Ihe Lioir.d Rote ol caoiltrdrv ir sbotvi", wi u. i" pr-iii
R@ta" Pr. Fist lar.@t. CoaA. Soil Sci., l9r7, vol. I, Dr;. lorJrt. " ' _
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it Iills (increasing moisture conteut). Hence the graph connecting
moisture content of the ideal soil with pressue deficiency shows a
well marked hysteresis loop, one side of which corresponds to in-
creasing moisture content, and ttre other to decreasing moisture
content.

In natural soil the pore spaces are much more irregular, but the
same considerations apply. The practical effect is that there is no
unique value of moisfiire content associated wittr a given pressure
deficiency : it will be one value if the soil moisture is decreasing,
another if it is increasing. Hence the numerous attempts to measure
soil morsture content in situ , by placmg a porous pot m contact wrth
the soil and observing the reading of an attached manometer
have given conflicting results.

A further conclusion is that water can ris€ by capillary action in
the soil only to a limited distance : in a heavy loam soil it wiU not
exceed 3-4 feet and the rate oI movement is exceedingly slow.

SOIL PROPERTIES CO}iCERNED IN Cf;LTIVATION

The mechanical properties of soil lil<ely to be of importance in
cultivation have been discussed by numerous workers, and especially
by Atterberg. Certain of his methods were re-examined in the
Physical Department, in particular his cohesion test. Atterberg
found abrupt changes in direction of the curves connecting cohesion
and moisture content and used the position of these breals for
cla^ssifying the field behaviour of different soils. However, our
experimental irregularities were too great to conlirm the existence
of the breaks, although soils of widely differing properties were
employed. (a) The cohesion forces were ascribed in the main to the
surface tension of the contained water in the minute interstices and
points o{ contact of tbe soil grains, (s) and it appeared t})at the elec-
irical resistance of soil blocks might throw light on the water
distribution. Some preliminary measurements gave wide differences
between dilferent soils('z6); later, amore elaborate investigation ({
showed that the nature of the electrode and the rate the blocks
dried had considerable effect, but four characteristic breaks in the
curve were found, two of which vrere readily identified, by separate
experirnents, with Atterberg's "Ausrollgrenze " (t}Ie lower plastic
limit) and the " Schwindungsgrenze " (moisture coBtent at which
air enters the pores) while the two lower ones were hitherto un-
recorded.

In work of tlis kind much confusion will arise unless the full
difference betwe€n natural soil and the simpLrfied " ideal " soil,
consisting of equal sized spheres, uniformly packed and free from
colloidal material is very clearly kept in mind. The volume
shrinlage of noist soil blocks as drying proceeds takes place in
two stages. At first the volume shrirll(age is exactly equal to the
volume of water evaporated, but later, as the grains come closer

,rr, tr. * n."* - 'srua,^ m tlre Pb'sicar PbFrtB of S;. r. uecuniel Prcpenie
Coi&r!e<l in Curtivatio!." J, Acrlc, S.i.,r916. Vol XV, pD. t78_r00.

I2{r w B Hdn6-" Studi5in tle PhEic.l Proo.rtie ol Soils. II. ANot 6 the Coh..ioD
D;!d;ed bv c.riuan' Fom.s io aD Ideal Soil.' 1. asric. fti.. re25. Vol Xv, pr,. 6re'535.

(251 w. d. H;in6-'Srudi6 in tbe Pblsical Ptuitiries oI SoUt lII. Ob6.B.tiodr oo tb.
El;t;ia! c.ndmtivirv oI Soils.' l. Asric- s.!. I9r5, vol Xv. Dp. 53eta3.

116) C. li- Gsh.n-" V€seEalts-ol th. ELctri(il C.p.cilt.od Condu.tieitv ol Soil Bl@Ls
J. ;k;i. s.I, r9!r, v"l. xxII. pp. ta6.1o{.
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together, the shrinkage is sraller, although still linear. In the case
of materials that are free from a colloidal or gel-like coating(,) this
second stage is absent, and no warping occuE itr the later stages fo
drying, and differential stresses which lead to rupture of the blocks
on remoistening are absent. In the case oI natura.l soils, however,
such stresses are instrumental in the disintegration by weather oI the
large lumps of soil left by autumn ploughing.

" Single oalue " mzosulemefits.-Ltlempts by many workers have
been made to assess the general character of a soil by mea$.rring one
property, or group oI properties, thus spectfying the soil by a single
number (or " sirgle value ") in place of the group oI figures given by
a mechanical anallnis. The underlying idea is that such a " single
valuc " would place ttre soils in an order that closely reflects their
Iield behaviour. The Physical Department has given much attention
to this problem(B) and has tested marty oI the suggested methods on a
wide range of soils. The methods were chosen as far as possible Irom
those requiring only simple apparatus. The measurements were
repeated after the soils had been treated with hydrogen peroxide,
to obtain some idea of the contribution of organic matter to the
result. A preliminary examination showed that certain methods
gave higbly correlated results, presumably because they were
measuring the same, or closely related physical properties. At a
later stage, a firll statistical examination was carried out on extensiye
data for Natal soils, obtained in Mr. J. R. H. Coutts' experiments.
It was shown that from a knowledge of the base exchange capacity
of the soil, a good prediction could be made of t}re sticky point, the
moistue content at 50 per cent. rela.tive humidity, and the weight
of water held by the saturated soil; the clay content, on the other
hand, was of minor importarce in predicting these properties but,
in conjunction with the silt content, it was closely related to the
xylene equivalent. The xylene equivalent-which is obtained by
using xylene in the moisturc equivalent apparatus instead oI water-
is of interest : it measures a soil property that is independent of the
organic matter present, for it can be almost completely predicted
Irom other measurements made on the soil after treatment rdth
hydrogen peroxide. The net result of the statistical examination oI
this series of Natal soils $,as to show that certain single-value
measurements were controlled by the base exchange capacity, while
ottrers depended more on the c-ontent of clay and silt. How far this

(r?l W. B. H.io6-" Th. \'olme{h&96 Asiat€d *ith Vdiatioos of Water cort il i!
Soil." J. Asric. Sci., 10r3. vol. XIII, pp. ,96-310.

lrSl B. A. Iien ed H, RecztoEti-" The Relatioo b.tcD th. Clae Conlclt .dd C.rtair
Pt;isl PrcDetua oI a S"il." I. Aari.. Sci.. tg!t. vo!. xl, pp-.rr1-.t49: B'.A.KeedandJ.R.H.
coitis-_ ' SiD*t. valu. s-! Pro*tti6 : A studv ol the Sisi,itied@ ol crrt.in soil conataots. '
L AEic. Sci., 1928, Vol. XVIII. iD. 7aG765: B. A, Ketr- " Sins!. Valuc'Soil P.cFni6: a
Studv of the Srcnili@Dce of Cera.itr Soil CoosteG. I\', A Purth.. \_oie oo tbe Tccbnique ol lhe
'Bo!'E:D.E@at' J. AEnc.sci., 1930, vol. xx, pp. alHl6i J. R. H. Coutls-" si.gle
valu. ' soii Prop€rri6: a siudy oI tbe siarifiqoe ol C..tain soil co.stants. vII. The Moistur.
Eqdvsleol and Soo. kelated OuaDriU6." l. AAti.. Scj., r93r, vol. XXII, pp. r03-2ll; E.w.
Ri*ll "Ibe Siei{i.:3oc. oIC.tuin'Sincl. Value Soil CoDsteB." l..{sric. Sc'., 1933, \-ol.
Xxlll. DD. 261-310: H. Ian€lt- ' Th. AtDtication of He.t of W€ttina easu.eDcnis to Soil
R6e!i$ 

_Prcbl.B 
l. Asri.. sci., ls3r;i'ol. XXIV, pp. 136-l ; A. N- Puri-"A CridEl

Studv ol ttr. Hys@Di. C@6crDt o{ Sorl. ' J. rsft, Sci, lgri. vol. XXV. pp, s72-rEl : A. S.n
.d C. H. \4'rislt-" Tte Ehiriel coDductivily of Aquoc soil sspcGioos as a uplsur. ol
Soil F.rtilirr." J.furi..S.i,,l93l,Vol.XXI,pp. l.13: A.S.o-" TIE v*@@!t 6f Elccirie
Cotrductjviti o(^qGou Sotl SlsD"cion ad iG_U* in Soil Fenility Studi6." J. Asric. sci , ls3r.
VoL XXU,'pp, ,r_2-rtl ; B. A. kd-" PbFi€l Mqsueh{t! oI Soil in Relation to Soil T}?e
ena rrnili'il EDD. io(oo Glwiu Con;ntioo cooI.RE. Iulv, 193.{ i J. M. Albar.d.-
'c.etedr;ci6D di Suelo. TroDi..l6 v Strt'TrcDic.l6 l\ledi:Ete Drkmi,iciotres Flslcc v
rbr@ourotc.." 'sobrel. Fdtilidad d. AlsElc Su.l* Tropi.d6." PEt iedo eD I. RevisE de
r. A€al. d. Cjelos. & M.ilrtd, loL. vol. xxxl, pD. !rG8to, a6?-51a, .trd 615-619.
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generalisation may apply to a wider range of soil tlpes is uncertaia.
Some departure is to be expected; for eiample, the loss on isnition
of the natural and peroxide treated soils oi the Natal serie's gave
results of no great importance, whereas the inherent fertilitv;f a
series of }lalayan rubber soils was reasonablv well predicted 6v the
ignition loss of the soils and of the clay fractions.

The relationships become more diffuse when single-value
measurements are considered as an aid in distinsuishine one-soil tvou
from. another. Ideally, one would desire to o6taia viry gooa ioi-
relation between two different measurements when done'on soils
from the same ty'pe and to find that the regression constants of the
curve connecting these two measurements varied with the soil tvpe.
Up to the present it appears that within a broad soil-tr,pe tne irib-
tlryes are suftciently variable to alfect the correlation'between the
measurements,; it may, therefore, be that a soil tlT,e w' l not be
characterised by regression constants of a curve cbnnecting two
measurements, but by an area on the diagran
- Four other single-value measurements that fall somewhat apart
from.the -main line of argument developed above may be bri;fly
mentioned.

Atkias has been studied. The
Art interesting method of measuring soil
ins has been studied. The electrical r

t {ertility developed by
conductivity oI a soil

suspension is measured and t}le increa-se in conductivitv after a
fixed period (seven days) is taken as ar index of the 

-biolo€ical

activity in the soil, and therefore of its inherent fertl[tv. Jhe
method was applied to soil samples taken in the pa^st from the
classical plots and stored in the air{ry condition ; {he increase in
conductivity of the suspensions rnade fiom these samples fali in the
same order as the corresponding cropyietds in the yeai of
The metiod might repay an extended trial as a simple <

: coefrcient, which has been much used
measfrrement for soils, was subjected to

same order as the corresponding cropyietds in the year of sampling.
The metiod might repay an extended trial as a simple qualiiativ-e
measurement of soil fertilitv.

The socaUed hygroscop"ic coefficient, which bas been much used
in America as a single-l'alue measurement for soils, was subiected to
critical examination and found to be unamenable to iccurate
measurement. The conception oI a hygroscopic coefrcient is, in fact,
fundamentally unsound; the moisture co;tent at b0 per cent.
relative humidiry is much to be preferred.

The heat-of-wetting measu-rement was introduced bv Mitscherlich
as an index ofsoil heaviness, but subsequenfly abandonidin favour of
a hygroscopicity determination. Recintly, refinements have been
introduced in the method, and ttre resulti seem, in certain circum-
stances, to be related to the ph,'sical condition of the soil, and to be
correlated with other soil properties determined in the field or by
laboratory methods, Experiments on pure single-base clays gave the
interesting resu.lt that t}!e heat-of-wetting represents a specilic
proportion of the heat-of-hytlration of the adsorbed cations in their
free state.

Returning to the question of soil heaviness, a new method has
been developedllr) which gives a satisfactory and rapid laboratory

(29J R. N.Scbolipld.Dd G.lV. S@rr Blair J RaDid y.tDods of Et.@inin! Soil.. I- Masu!
m.dl! oI RoU i,g \4'erghls. " J. Aeilc.S.t.,I9!2,Vol.XXlI, Dp.135.14,r: R. K,Scholtetd and c. W.
S@tt BL.i!-" Tt. P.chift.r.r. i ll.chim for gq5uilr llia_Sbe.riE SrrcErL ot Plsric Bodis-',
TB!s. c.EEic Sd., 1932, vol. XX X I, pp. 79-8, ; c. ttr. s.otl Bt.ii.Ed R: X. Schoti.ld-.. ThG
Pacbleter as.D IBtE@ar ior Te6ritrs Maleri.ls, rllh SFi.l R.te..!e ro Clry., Soit!,.!d
Flou6.' J. Rb@rogy, r93t,Vol. III, DD._3I8-546.

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 28

416

measure of this factor. A plastic cyliader of ttre soil is rolled back-
wards and forwards between two plates and the weight on the uDD€r
plate is slowly i-ncreased until it eierts a certai-n criical stress wi'ich
causes the cylinder to lengttren.

Clay aggregates atd tillh----The phenomenon oI cmmb, or com-
pound particle, fornation in soils is well Lnown to all practical men ;
t"heir cultivation methods are designed to produce this aggregatjon,
to which the term " good tilth " is generally applied. Alttiougl good
tilth is at once apparent to visual insp€ction, explanations in sCieritific
erms are almost completely non-existent, and most text-books give
ortly the attractive but strained analogy with the ftocculation and
deflocculation of weak clav suspensioni. The subiect has recentlv
been taken up in the Physical Department and, foi the first time, i
satislactory explanation of the main factors concemed in the process
of tilttr formation has been given. (s)

It has been shown that clay particles ca.n form strong aggregates.
or crumbs, when dqr, only if the clay particles are suftclentty smaU,
if there are a su.frcient mrmber of small exchangeable ions on the
clay, and if the clay has been dried from a dispersion medium whose
molecules arc polar and sufficiently small.

An hypothesis in accordance with the experimental results is that
cations can orientate polar molecules of the dispersion liquid around
them with a power proportional to their surface density of charge;
this power is also possessed by the free negative chargei on the clay
particle, so ttrat when the dispersion liquid has nearly a.ll bee-n
removed (i.e. when the soil or clay has dried appreciably) the cations
bind the negative charges or two clay particles togethei by means oI
bridges of strongly orientated molecules o{ the polar dispersion liquid.

Sorr CurrrverroN
When an implement is drawn through the soil its resistance is

determined by two groups of factors relating to the design and
construction of the implement itself and the physical properties of the
soil. The group belonghg to the implement lie within the province of
agricultural engiaeering and form the subject of study at another
Institution; only incidental references uil-[ be made to them herc.
The second goup-the soil factors-€xert tleir influence through
such properties as soil cohesion, pla-sticity and frictron. They are
susceptible to laboratory examination, and instances of their relation
to the behaviour of soil during cultiyation have been given in ttre
preceding smtions. The soil rcsistarce to cultivation is a kind oI
integrated elfect oI numerous physical properties ; hence, the study
of soil resistance ha.s considerable scientific as well as practical
irterest. The Iield experiments have taken both these aspects into
account : the growth and response of farm crops to different systems
of cultivation has been investigated as well as the relations between
the cultivation systems aad the soil properties.

It was aecessary to evolve a d5mamometer that would give a
continuous trace of soil resistance, togettrer rith accessory measure-
ments such as slxed and depth of cultrvation. For some time, a

(30) E. W. Ru$.U,-" Th. Irt...ction oI Clay with Water aqd Orsanic Liquids es llcasued brqei6c Vot@. CL&B6 .rd its l{elati@ to tbd Phcao@!. of Chlib Foo:dotr in SoUs.,, pbii.
Tt&s. Roy. Soc.I-@do!, A, 193.!, Vol-CCXXXIII, pp.361-389.
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modified form of a dlmamometer desrgned for road-tractron measure-
ments \vzrs used (3r). The rnstrument gave quite satisfactory service,
but the recording svstem needed skilled attentic,n, and. ordng to its
weight, the d,.namometer !i-as not suitable for tests with thelighter
forms of cultivation. A new ty?e was therefore constructed (lr),
based on the " Stress Recorder " made by the Cambrifue Scientilic
Instrument Company. The new instrument is much lighter ttlan the
old one, and the records are impressed in the form of a groove on a
narrow ribbon of celluloid b1- styluses with hard points. The celluloid
is not scratched but flows under the pressure of the point ; the groove
has excellent optical properties so that a greatly m;gnified cofy can
be obtahed ir the ordinary way. In addition to ihe trace of soil
resistance, a time scale is impressed automatically on the ribbon, and
the operator carries a tapping key connected to an electro-magretic
stylus, so that notes in the Morse code can be also impressed on the
ribbon. This last feature is of great use, since it obviates the risk
of confusion in examining the records of cultivatiou when a com-
pticated set <.,f plots is being cultivated.

'The d5manometer was used in a series of investigations (s),
and the main conclusrons are summarised below. One verv
interesting and unexpected result was to demonstrate thi
heterogeneity oI soil. A field that was judged by practical
Iarmers to be quite r:dform in its soil propeities show6d ttre most
surprising changes in soil resistance from point to point. These
variations-rvhich are reflections of corresponding variations in
the inherent soil properties-are substantially permanent: the
magnitude oI the soil resistance depends, of course, on the
season oI cultivation, the kind of implement, its depth of work,
etc., but the relative fluctuations of soil resistance from ooint to
point are not affected. Heary applications of artificial mandres, and
the long continued differences in crop yields of the classical Rotham-
sted plots have not produced any appreciable modification of the
original and inherent heterogeneity of the soil, with the exception of
plots receiving a healy &essing oI dung or oI chalk, where, as would
be expected, there is a definite lowering of the soil resistance. The
inherent variations in soil resistance, disclosed bv the dvnamometer
during soil cultivation with implemens, change siowly fiom point to
point. The question whether these changes were themselves average
values of larger and more rapid fluctuations within distances of1
few ilches was examined with another instrument which mea_sures
the force needed to drive a vertical rod into the soil : the instrument
is, in prirciple, a miniature piledriver. Wide variations of resistance

(3r)B.A.li..trahd$-B.Hu6'SltrdieinSoilCdtiv.lioD. I. The Evolurion ola Retiabt.
Drr.n o!?r.r TU hDiqlc lor ts. ,n So Culrivatiotr EtFrin,€Dt! ' J. Atric. Sri., lgrs, \'ot. XV,

D0.375-386.
(32) W. B. Haioes ald B. A. Ken-" Studie in Soil cultivatioD. Iv. A r*.w Fom ot TractioD

DyDeoD.t.r." J. ABric. fti., 1928,1ol. XVIII. pp. 7r{-733: " A N Dro.@tui.r. Suirrbl.
for all Typ6 of Hotr od Pos.e. DbE lmtrleri.DG," ttoc, FiEt lndm.t, Coos. Soit Sri..ler, Vol. I, PP. '(lt_111.
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were Iound between points whose horizontal distanced apart was
only 6 ins. The large and small scale heterogeneity thus demonstrated
is one of the reasons for the modern statistrcal arrangement of field
plots wbich was described at length in last year's Report.

A result of considerable practical importance is that soil resistance
increases only slowly with speed of cultivation. The design of
cultivation implements is of necessity a compromise bctween
numerous conflicting requirements, but the farmer requires t}te
maximum speed of travel, and it is important to note that the
possibility of increased soil resistance at higher speeds can be ignored.

One means oI reducing the soil resistance at any given speed has
b€en demonstrated both in the laboratory and in full-scale practical
trials. (&) The soil colloids ca.rqr a negative charge, hence under the
action of an electric current water \Mill move through the soil and be
deposited on the negative electrode. If the mouldboard oI a plough is
insulated from the frame, and made the negative elechode, a film of
water will be deposited on it, and the frictional resistance of the
furrow slice passing over the mouldboard will be reduced. trIeasurable
reductions of dralt were obtained in field trials with an improvised
and ineftcient arrangement, and the method deserves commercial
attention. It is likely to be of considerable use on soils that do not
scour easily. The " gtrmbo " soils oI Mexico are a well-lanown example
and instances of English soils in Northamptonshire and Lincohshire
have also been observed. In the latter cases the probable cause is a
high percentage of silt in t}le soil.

The effect of different metlods of cultivation has also been
studied at Rothamsted.($) The immediate disintegration oI soil by
implements ha.s been investigated by parsing blocks of soil before
and after cultivation through a series of sieves with mesh sizes
varying from 1] ins. square to alo in., and comparing the percenta6es
of the original sample left on the sieves. The kind of tilth produced
by spring ploughing or cultivations is much more controlled by the
weatler of the previous winter than by the intensity of the spring
treatment. fn the case of summer cultivations, e.g., hoeing between
root crops, tlere is a strong suggestion that extra cultivations above
those necessary to kill weeds, are without benefit to the finat yield
and may even lead to appreciable reduction, but further expcriments
in a variety of seasons will be made before a Iinal conclusion is given.
Much attention has been given to rotary cultivation. In this method
the soil is acted upon by rotating thes and it is claimed that a
seed-bed can be produced in one operation, in place of the series that
is needed with the traditional range of implements. The main purpose
of these experiments is to ascertain if the method is suitable for
arable agricultue on medium and healy soils, n'hich are commonly
stated by practical men to require careful and skilled cultivations if a
t ,od titth is to be secured. One of their objections to rotary cultiva-
tion is that it gives too fine a tilth. The sieving method described
above shows this is rot the case; the tilttr is no finer than that

($) E. V. Crcwth.r aud W. B. H.in6 -" A! Eletriql V.uod for tbe R.duclioD ot Drauihti! Plougbirg. ' J. A8ric, Sai.,loriL Vol. XIV. pp. rrl.r3t ; " Ar Elrcrriql ycrhod lor lhc R.durroD
ot DEugh t Ir PlouAhiag." I Ep. .Dd Mrah- Rei,, r gra, Vol. L, pp. 1003- 1005.

(3i) B. A, Keen &d th. St fl of the Soil Pby3E D.Dartoeo!-" Studie io Sorl CullivatioD-
V. Rotary Cultivatior." J. Aaric. Sci., 1910, Voi. XX, DD, 36+!89: B. A. Keeo-..EsDeriroeot.lX.tMi lor tb. Srudr of Soil Cultivatioo." EEp. J. Eiper. Agric.. 1933, Vol. I, pp._92-10r.
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obtained with the ordinary implements. It is, however, much looser,
and the methods for dealing with this new condition and turning it to
advantage are still being uorked out. In ttre early stages of groiyth a
rotary cultivation tilth is superior to the normal fi,pe : germination
and early growth are both better, and although ihe a"dvantase is
usually lost bv harvest time, tie iinal yields ari usually as so;d as
those given h}' normal cultivations. This rcsult is obtainid in ipite of
the extra weediness of rotary cultivated plots, which is probibly a
consequence of the action oI thc rotating tines. The wced seeds ire
distributed throughout ttre depth of cultivation whereas the normal
methods encourage germination only in the thin surface layer, where
hoeing can easily deal with tlrem.

If these technical &frculties of rotary cultivation can be overcome,
ttre way is clear for an appreciable reduction in the heavy costs of
cultilations that the arable farmer must {ace. The lield eioeriments
are therefore being actively continued.

THE CHEMISTRY OF SOIIS AND FERTILISERS
E. M. CnowrxBn

'The_ 
-general-object oI the work o{ the Chemistry Department

under Mr. H. J. Page, from lg20 to 1927, and sinie thin under
the nriter. has been t}le study of tbe chemical aspects of
soil fortility and soil Iormation. In recent years most of tle inves-
tigations have dealt with material provided bv field exoeriments at
Rottramsted, \\'obum and commcriial farms irn which lield exoeri-
meDts are conducted by the Rothamstcd staff or local asricdtual
oftcers. Several soil investigatlons have also been carri-ed out on
overseas soils, especially frr-rm the tropics.

One of the most urgent problems is to devise better methods of
obtaining precise agricultural information on soil fertiliw and. croD
nutntion. Much of the work oI the Department is, therefoie, devotei
to improving the methods of field experimentatron, esoeciallv on
fenilisers, and to supplementing the crude yields bv analvses oi the
crops. SoiJs from the cxperimental centres are analvsed bir a varietv
of chemical mettrods to ascertain how far the reiults oi chemica"l
analyres, agree with the agricultural experience expressed in the
results of the Iicld trials. The soils of the tone-continuld eneriments
at Rothamsted and Wobum are studied to measure the curnulative
secondary effccts oI fertilisers. Systematic samplings and analvses
on these classical plots and on those of some of the coriplex replicited
experiments are made Ior periods of a few years to fol6w the ieasonal
cycles in some of the main factors in soil ferti-titv. Itluch of ttre
laboratory work involves paratlel investigations rn tbe pot culture
house.

Sorr Corrotos AND IoNIc EXCEANGE
It is now generally recognised that the amormts and comtrnsition

of the soil colloids and the exchangeable ions associated wiih them
are vital factors in dctermining the physical and chemical properties
of soils and,the availability of plant nutrients.(r) The first invistiga-
tions on exchangeable bases were made on the soils of the Broadbilk

(r) H.J. Pase-" Tt. Natur. oI SorlAcidire." Trals. II Co6o- trt. sc- soit sci.. vot 
^CF!., 1926, Dp, ,lr-r/t{ ; C. E. IlaBharl r'Sou; Renr R.:grcts oo Soil Couoits. A iReviir-i,

Jo@. A8ri. Sci.,l0r?, VoL XVII, pp. !rt-35r,
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continuous wheat plots. a!S! oo 3-" 
"o"rrrf 

soils which had beenIlogled,by sea..wat'.er.(r)- The stuclv of the'Jii;;U"id" ;;;;".i;""
senes or rnvesttgltons between lg2l and lW, on the niture andorgrn ol t"he.humrc material. (3) Thb was shown tobe derived fr<.m ther€nrn constrtue l- o, planta by condensation with protein. Soits inwnrflr wrOely dtferent carbon contents had been iroduced bv cul_tural and manurial treatments had hnmic ;i"f.J. ;;h ;i;i;similar compositions and proDerties.

.--^Y^rlk,:l^_tr:._.gmposiiiou. of .the ilorganic soil colloids or ctayrracuon Degan wtn an examination of earlier American data.({) Iiwas 
-shown that the ratio of silica to atumina in the ;iaiI;;;,I"X

a-s- the rainfall increased and rose as t"-p";il;l;;;;,' il;relative _rates were such that for similar p&*i _-.t"riA-. iJ"iti itsilica: alumina ratios are for:ad when .ri *;";;;-;;;;;;;
temperature of l"C. is accompanied ty an increase oi i;;. ;r;;annual ramtal. -t or constant clmatic colditions the silica : aluminaratio w-as greater on soils from parent materials wfriifr fraa
been subjected to repeated reworki"g i" *.1"-A .i;#;;ild;f
statstrcal analysis was also applied to problems of soil distributionrn contrnental areas. More recently the chemical analysis o{ clavs
ha-q been simplitied by a method for the direci a"t"iri""ti.n-,"f
alumnrum. (i) lnvestigations of soils from Burma, I{alay, Nvasaland
ano other countnes have given ample additionat evidenci foi the mlethat hot wet.regions tend to have clays rich in iron and aluminium
whrle tbosc in -arid regions are rich-in silica_ It ha. b";'i;;;
howeve.r, that although soils oI the sarne type have similat clavs, thelauo ot_srllca to ajumtna or scsquioxides is not in itself a suificient
119* ol tl.: .9*ry.rition and, properties oI the soil. Thus, a pa.ir ofcontrasted but adjacent soils in a cotton experiment itation in
Nyasatand (an acid red loam and a neutral grey-brown soil withcarbonate accumulations in the lower horizdnsj had clavs withclosely similar silica-sesquioxide ratios. Furthci'fra;i";;i;"';;
cnaractensatlon o, clay fractions are required, and we are usiae a
senes oI physicochemical, mineralogicai and X_ray methods %r
these purposes.

flfl ffiflffi1i$i{ffilft tr$#*ffiTrery,ffi ',#"i

(t) S. P. Aiy.r-Ph.D. Th6i3, UDiveBity of rrulo!, lssl.

(2) H. J. Pase

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 33

60

A serious error was detected in the standard quinhydrone method

for measuring soil reaction, and traced to the effects of readrty

il;il";;e* of manganese. (c) This was followed- up by- a study
of the amount and rate of solution oI tle excbangeable imd re:r(ury

reducible manEanese in soils on which oats in this couatry and tea rD

C,evlon showed-st'rnptoms of deficiency diseases. The work suggested

fh;;;ii;i"ith i.tidvely large t-ounts of manganes€ oxides may
vet contain verv little readily soluble manganese'
' Methods foi the determhation of the exchangeable bases atrd

aciditv (unsaturation) are being developed in suitable forms for
combi.'naiion with routine analyses for readily soluble plant nutrients'

CHANGES tN rur Sorrs oF LoNG CoNTTNUED FrELD TRIALS

The olots of Stackvard Field at Wobum were samp'led fully in
t92i on 'the completi<',n of fifty years of continuous experimentatiou
with fertilisers and crop rotations. The sampling was rePeated rn

igag, and samples weie available for a number of other years,

il-"f"ainn a few'of the earlier ones. Soil sa.mples from these plots
*"i" initl*d for (l) carbon, (2) nitrogen, (3) exchangeable bases,
(4,t soil riaction, i5l composition of clay fractions, to study the

ih'.ng.r on this ligLd and poorly buffered soil under a wide Yariety
of triatmmts.f)

Under coniinuous wheat and barley without farmyard manue'
orr"-ihird of th" soil organic matter was lost in fifty years ; farmlard
manure at the rate oi about 7 tons per acre Per annum merely

sufficed to maintain the original organic matter content' SuPer-

ohosDhate had no appreciable effect on the soil reaction or base

Ii"i*, uu* after fifty annual applications. From plots which had

been iendered almost infertile by sulphate of ammonia and then

subdivided for varying tlressings of lime, it was possible to show.that
tfie iate of loss of lime-tetl oft ripidty a-s the soil became progressively

more acid. An attempt was mide to assess the effects of nitrate of
ioa" and sulphate of ammonia on the lime status of the soil,

*a it **t concluded that, if lime were to be added periodically
to Leo tbe composition of thc soil and the crops with sulphate of
.--rii" similai to those with nitrate of soda, the amouat of
lime needed would be equivalent to both the nitric and the sulphuric

""ias 
oroduced bv the 6xidation of the sulphate of ammonia The

.or"pi.i.on rs compltcated, however, by the 
-cucumstance, 

which
is w;U iuustrated in recent pot exPeriments at Wobum, that Ditrate
of aod" h.. a much more potent effect on plants gro$n in v-ery acid

iori ttr." can be accounted for by the mere reduction of loss -of
calcium bv leaching. These Woburn data and similar ones on the
i"".iion, irit.og.n -and phosphoric acid contents of Rothamsted

^,,).;j.':l,.ii, iiii,J 'i i-"s- s... coD6. lDt.r. se. soil sci-, BudaF.t, 1e?e. Pt. 4., pD. t02_u 1i

"E$-..*E:r er*;' i"H:i? "J A"#L:*:" ff"'itrS3l"?f fr:'69ifi :1l3"fi:&J
II*11+.h: F,:. lt*tr;-i1'i*1"' gT 

^'11h"'9i""0"3x;,ii;li'"lJl;il'*,i;3i'i;;;;'.-."*i' ioh. ^gri 
sci., 1e3., vol. xxlv, Pp' 

'8-11

mqfiIi;#x*,ffi$rffi':$"ffiF'#,Fi{'tr-{*ffi 
.**
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cl,assical fields show wide irregularities between comparable olots
3-u9 empDasEe.. t-he darger of basing conclusions dn difierin;Derween unreplrcated plots. The ma.in diJferences in the carboncontents of tle Wobum plots prot.ed to be due to c"A f"afre-#and not to normal soil oiganic'matter.

" Ava[esre,, NurRrENrs; pEospEATE .Lxl poresn
In _spite of a vast output lrom many cou[tries of f)aDers onmethods for th-e estimation of fertilisei ;"q;r;;."b.j:il;;i

analysis oI sorls, comparatively Iitfle real'fiogress-ii{ il..t,t;made., mainly. because it has 
-rarely 

been idi6i; ;;r,rd#';sumclenr number o, precise field experiments to standardise themethods8. The factors involved are necessarilv so.or"rt* [ri fr.most that can be expected is to estabtish 
"rJ'Wi;i lililiilj;;rlPes oI tiumrn€_ and- soil conditions. proposed methods "must

con$anfly-be subJccted to critical trials and, irp to the present. theproDrcm. ot orgarusutg tlre necessarJr trials hai not bein seriouslvattacked. At Rothamsted, our rnain contribution to the suhieci
l,.s 9"9n l attempt 10 develop and, at the same time. to simo,lifurne recnnlque ot lreld. experimentation. Our current scheme bf "a

27 plot test embodrrng ail combinations 
"i 

*.o'.i"*f" ,.d't""iltl
oressrngs oi nrtrqlenous, phospbatic and potassic fertlisers oromisesro meer.the general requirements, It piovides a general s.urvev ofrne nurnent requrements of a given crop and soil;-it shows how,theresponse vanes wth the rate of dressing, tests the masnitude of
interactions. be-tween fertilisers, 

""d 
prouiter;.li' *tlffii,l ri fiierors ol a ot the pornts tested. The crop responses required toeslablish statistical significance are of aboutihe ;;; o;;I;;t.;whicb would be prolitabte to the grower. 

-- 
fi-;";.*;*d"i;;

recnnlque ,or a number of potato expariments, especiallv in fenlanrtsous, and tor. sugar- beet experiments in I9M and 1g35. We havealso arranged a senes of such experiments on over 1,000 acres ofcommercia.l rubber trees in Malaiua. rhe resurts 
-so-iii""""iilui"

ur tttis country have no,t merely'provided usefJ ;;G"i;; ,Arnvestgattons, but-, in addition, have brought out some rrnex*.i"a
results ot pracucat-lmportance. Thus on some black fenland soils-commonly beltcved only to require sulxrphosphate, we have hadrarte respon_ses to.both nitroten and potash. On the other hand-ln.a senesol expe_nments on sugar beet on farms normaltv rcceivinerelauvely healy dressings of fertilisers, we have obtained verv feri
responses to phosphate or potash. In selectine sitesioi;.h;i;;:
ments, lt has been our common experience that soils. choseri h.,farmers and beet Jactory agriculturists * p.";, ;;; il;";tiiprove ro De acrct and not necessarily deficient in nutrients bv cliemicilres6. lbe ,ew expenments already conducted suggest ihat therers room tor consrderable rmprovements in fertiliser Dractice hv
economy on some soils, and by more liberal manurins'on oth;rs. 

,
rhe sugar bee_t s€ries of experiments has so far faiied to provide

good corretatrons-between field respons€s and analyticat data. 6"""rI."rnere were very lew responses in the Iield. Duriig tle last two drysrunmers, the success- of sugar teet, wtreat La-"8;.";;;li
,,rlll"t. It!ili$i:';r rh' Pre'ot Po6iti@ o! trc u*'-;,!.;;J;;;=-;
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rooting crops emphasised the importance oI the deep subsoil, and
suggested that these crops obtain nutrients as well as *'ater from the
deeper soil horizons. Unfortunately, comparatively little is known
about the ellective root rante of our culti ted crops. During the
summer drcught of 1934, we sampled the soils of our sugar beet
experiments to four Ieet, and were able to divide them into groups
with and without subsoil water supplies, by comparing the Iield
moisture contents with those obtained when all soils were brought
artificially to comparabl.c degrees of moistnq<s in the laboratory.
The beets grown on moist subsoils gave much higher weights of tops
per unit of roots and less pure juices ; they also appeared to show
more response to superphosphate than those gronn on drier subsoils.
At Wobum, during 1934, the rate and depth of penetration of beet
roots were followed by automatic soil moisture manometers. The
roots descended from about 12 inches to 42 inches during July.
Towards the end of the season, Dr. Mann excavated and washed
out beet roots to a depth oI five feet in the soil.

SorL ORGANTc Marrrn eNo Cnop Rorerrox
The decomposition of crop residues, orgalic maaures and soil

organic matter has been followed in several series of field experi-
ments with the object of trying to relate the availability of soil
nitrogen to the nature of the readily oxidisable organic matter, and
to the gcneral soil conditions dul.int the interval between the forma-
tion and the utilisation oI the inorganic nitrogen.(r) The lirst problem
was the paradox of the Wobum green manure plots on which wheat
grown repeatedly after summer green manures deterioraied rapidly,
especially after tares.(10) It was shown t}rat the conditions in this
liglt soil favoured rapid decomposition of the crop residues and loss
of nitrate by leaching b.'fore it could be utilised by the wheat Plants
in the following spring. Subsequent work by Dr. Mann showed that
there are other, as yet unexplained,losses of nitrogen whenever green
manures are added to the soil long before the croP can utilise the
nitrate produced. Efficient green manuring requires the careful
timing of operations so that the absorPtion of available nitrogen
occuri soon after the incorporation of STeen manure material,

In a ley and fallow experiment at Rothamsted, the changes in
readily oxidisable organic matter were Iollowed by measuring the
end products of oxidation-{Or, NHr, NO"--rcn incubating soil
samples under optimal conditions in the laboratory.(u) Fallow
caused rapid losses of oxidisable carbon, and clover ley increased
nitri{iable nitrogen. Nitrates accumulated in the field during fallow
in summer and autumn, but were lost {rom t}te surface soil during
winter. In spite of this, the following wheat crops showed wide
yield differences (wheat after fallow being twice that after ryegrass).
These dilferences were correlated with the nitrate contents oI the

r 0 , E. ll. f row!b€r-' Soil Ors.lic Matler .Dd Crop Rol.tiotr." S@!d CoDlcr€le oo (.ttoD
crcFios Proble@, EDPir Cottoo GrcsilA CorPoratioD, r${, pp.3l$1r9.

Ir0r T. I- l,irctratrd&i-" Tt. Efldt of Su,@er Gr@ M.!Dt.o! ttr. All@nn.od NilBt
cdni.nts ol soil (.oDD€d lor \,lrnler Wb..t." JdE. Asti. Sci., !03l, Vol. XXI, pp,45&468i
E- rL Crcrttrrr atrd'L l, MlrchaDd&F ' Wilt.r rt china d th. U.trurial val@ of Gttd
\t,DllE .od Cr@ Rr.i.tu6 for \ i!t.r \iael." Jolm. A8ti. ScL, 1931, vol xxl, pD. {93_!16
E. lt{. Clorrler ;d H. H. M.m-" GreD MaDUiDA .trd ShFp FoldiEg oD Ligbt Lnd"-A!
Aa@ut of !h. Gr€D MaoutiDs ErDeritoll et th. WoblE E4.drEDizr ShdoD. l8e3'1033.
Joun. Roy. .{gri. So. B!4., r$3, Vol. XCIV, 9p. rt&16r.

(rr) E. R. Orclard-Ph.D. Th6is, Ultv.Eity oI LliloE, 1013.
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soil irl the previous summer. It seem.s necessary to conclude that inthe heary Rot}-amsted soil the nitrate wa;[il;;i;h;;ff; i"rne aurlunn and earty wrnter is stored in the structural units of the
!I9io,,: ll"ly ralls drai! away through the main cracks andcnanners, t ut the nrtrate is Iost much more slowly, and presumably
much of ij remains available to deeply .ooti"t .r-,i*; til i"if":iriisspring. It. seems -possible that UilJ t vp.ifr'""i. it "ti"'.t.i.." 

"rnitrate, artd possibly of other nutrients, li'"rU.oit, *itt *"X;;;?'i";
eo structures Tay :ewe to bridge the gulf between the pedologij,s
concem q_th. thc deeper horizons and the analyst,s usd of su"rface
:3mqres... .rt rs atmost impossible to determine bv direct exDeriment
the. deptl trom which plants absorb nutrients, bui it mav bj oossibleto.tnterpret the.elfects of changes in surlace nukients in ternl of t}leextent 01 subsorl storage.

Experiments on a slmthetic humic acid prepared from coal bv apatented process showed that the orgaric niiro[.en present had liitlenutritive value for crops. (rr) p..ilt"t 
"*xriln"n't.";,iilJ;;ro-ur solls rn pot cultures on barley and also in incubators in thelaboratory, gave closely concordait ,"rdt"; ;-rrss;;;;;-il; ;il"

11!ll!T ""* employed to compare tle rates oi-<lecomlposition of
organtc manures is satisfactorv

, . 
Up to the present, we have touna only inappreciable differences

between-tle rates of nitrilicatiou of tne st6w_affns-oirair;;;;;;"
favo 'led by market gardeners. and it seems -pr?U"tsr."it 

"iii"l.essentral -ment lles in tlleir physical state. Lumps and sranules
auow- onty stow attack, diffusion, a-nd leachiag, ina tn""y m.y,therefore, maintain moderate nitiate .on"u"diion. tii&*irlt
surf,ace and subsoil with less loss by leaching than occil?;;
readily soluble and diftusible salts.

Short period experiments on repeatedly mown gr:rss ard svste_
matic analSrses on t}Ie park Grass piors foi three v"'".r-.f,o*ua-if,"t
more- nitrqgen is present as ammonia ttran as iiirate i; ;;;l
gra-ssland sofu.(r!) Evidence was obtained to 

"ortir- an ofd__aa
somehm€s lorgotten-view that gmsses assimilate arnmonia directlvaod wrt-bout pnor nitrification. The rate of nitrification depend!in part 

-on thc soil reaction, but some p*t Cr*, .rii"-*iriif,'t "irecerved neither sulphate of ammonia nor lime have verv feeblenrtntymg powers. Low nitrification means that tbe ;vailable
nrtrogen- and, presumably, the gra.ss roots, tend to concentrate nearthe surlace.

. The decomposition of organic matter under the extreme conditionsol waterlogging, as in nce soils, was investigated. (r.) A deaminase was
extracted which r,rzs capatrle of splitting 

"if .r"rnoili. l, *.i"ilogt"J
solls ln the absence of liying organlsms.

T

^"Jll'}t.,"irrt9"il3l;i#i6i't'u@r 
or Nitrcseno* F 'tiri*B in cr.srr&d so,'"

m
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TsE AVAILABILITY oF FERTILISERS

Studies on the behaviour of fertilisers may have immediate
practical walue and, in addition, may reveal important factors in
ioil fertility. Among the nitrogenous Iertilisers we have made
detailed studies on the decomposition of calcium cyanamide, which
undergoes a complex series of changes before its nitrogen becomes
available to plants. (16) It is commonly said to act more slowly than
sulphate of amrnonia, but the delay, especially in nitrification, occurs
after the cyanamide nitrogen has been converted into arnmonia.
This is not necessarily a disadv-antage, for arnmonia is less liable to
loss by leachiog, and, in addition, may be more rapidly available
than nitrate. In some pot culture experiments with barley on a
rich acid soil we invariably got better results Irom cyanamide, which
stopped nitrification, than from sulphate of arnmonia. The barley
plants with cyanamide tillered more rapidly, and appeared to utilise
ammonia nitrogen more rapidly than nitrate nitrogen. In field
practice the diflerences between nitrates and ammonia are often
ha-sked by the more rapid diffusion of the nitate through the soil.
\l'e havc obtained some evidence that cyanamide or dicyanodtamide
may be preferable to sulphate of ammonia for autumn dressings of
winter whe?t on heavy soil.

Basic slags have received detailed study in the Chemistry Depart-
ment, partly because the English slag problern is r:nique in the low
solubility of some of the materials, and partly because the proper
evaluation of slags called for an improved experimental technique,
especially on grassland. (lt Basic slags of less tlan 35 per cent.solu-
bility by the conventional Wagner citric acid test were shown to be
deiinitely less effective as sources of available phosphorus than those
of more than 75 per cent. citric solubiltlv. In a senes of six hay
trials and three repeated mowing trials at centres throughout En8-
land for four yea.rs, v/e measured the total lields of dry matter,
protein and phosphoric acid in the herbage from four phosphatic
fertilisers. Atl of the experiments Bave consistent results for the
recovery of the added phosphoric acid. High-soluble slags and
superphosphate gave similar recoveries : low-soluble sl€s provided
only iboui one-third as much phosphoric acid to the crops : on acid
soili mrnera.l phosphate was as good as hrgh-soluble slag, and on
neutral so s as bad as low soluble slag. In a limited number of
trials, it is difficult to distinguish sotl from climatic conditions.

116' strdies on C.LiuD CraMo,rdr." L E. lt. Crosther aod H- L Rrchads- 1'b.
D..;m;ir.on ol c ciu cdaDide in th. So .!d rrs Efr.crs otr GrmnarioD, liirrirl@tion .od
soil R;acrion." tom. Ari. scj.. 1932, vol. xxII, pp.300.3r{; II. B. K. $ut.rJi-" !tucrc
btoloEiol Asecra ot l{ilrifi@liotr iD Soils ud.r \.aried Enviro@rDlal CoDdirioDE. ' Jom. Agn.
s"i.is32-!;L XXII.oD.336-34;:III. H, L. Richardsotr, "Stor.se.Dd lti:irawith StrFrphos_
Dhai."l;uh.A6i.s.i.'.!,32\'ol.xxl.DD.3'{&367:lv.H.LRich.r.l5oD-"Theu*olC.LiuD
tvanaDid€ .nd brher }.b,G or NilloEti_oD Graes!.nd.' J Asri sci., 1934, vol. XxIv. PP.
ail-510 : H. L. Richardeo aDd E. v. Crcrrh.t- 'Th. Utiliqlioo oI Calci@ CEndid. io Pol
ii,it.-.i e"ii,ii'i"i'. t"*;. As;i. sci:. re3i. vol- xxv. pD. r3r-r60; H. L. &lci.rdso-"Field
Eftrim€nis on tb. ActioD ot CildEB CED.midG oD Citoiratiaa s{ds ed oo Cbarl6)< iq
Beil.v-" EmD-IourD- EDt. Arri.Vol.Iil. No.9.DD, 

'rl-,19, 
t936. E. M. CrcrthE- ' CobtEt._

tiw Ffuld lrials-of C.lciuni Cv.;.hide aad oih.r Nitro36ou F6tiliet! c Anble CFF". EEP.
Jour'Etpt. &ii., 1935, Vol, lll, pp, lzs-143.

116l R. G. W.r.E. C. T- cidiDqh.E .Dd H. J. Pes.-'Ttc ch.mi.trv of E.3ic Slas I. Th.
rr.d';in'iih ol Flm;n. in Bsi Slap." louE. A.r Sci.. 1925, Vol. XV. DD. 5l&5r8: A. w.
GrE -hill-" Ttte Avail.btlitv of PhGD,-bau. Feftrri*E .s shom bv aD E@ilatlotr oI tte So\
gi;htioa dd Pl5nt GrcFtlt."- Iouh. &ri. Sf,i,. 1130. Vol. XX, pD 559'6?ri E. M. Crctthcr.!d
R- c. wed.E-" Tb. F6ruis; v.le aI B.s!c sLs! sDd Ot.r Phcpbai6 " A€ric. Prog. rl3{'
i;1. xI- -. eo-r06, E. M. C. trr.r -" Besic Sleas .d Mh.'.I PhGPh.t!s." Jo!E. Rov.

^Ert- 
soa'E@.. lgtr: VoL XCv.. r,D. 3+63: E. lt. Crcttlcr dd R. o. w.ru-APP.trdir! to

ir-tctn nepofu ot rira"lcit Cdirinitt . oir B-ic Slrg, Mililirt ot AlrlcErtuE .a!.Uv 5iDe
l0r7-
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There is evidence from practical experience and also from some oI
our recetrt pot experiments that mineral phosphate may give much
better results in moist soils than in drier ones. Swede trials in
Scotland in 1934 showed that low-soluble slags, though inferior to
tbe more soluble ones, were capable of greatly inqeasing the yields.
Pot experiments on perenniil .yogd"" gio"a in sind<itcium
beltonite mixtures at constant moiiture iontents showed extra-
ordinarily clos€ agreement between tle yrelds or tle uptake of
phosphoric acid, and the citric acid solubilities of a dozen basic slags.

Our experience oI field and pot experiments on phosphatic
fertilisers suggests that much of the conflict and confusion in the
results oI the older field experiments lvas due to tle inevitable
uncertainties from unreplicated experiments, reliance on yields alone
and failure to group the experimental soils. In recent years, each
new series of field or pot experiments has confirmed or extended the
conclusions from earlier ones.

THE CoMposrrroN oF CRops

From t}le beginning of the Rothamsted experimenls ninety
years ago, it has been the rule to prepare and store samples of the
produce from most of the experinental plots. Such samples are
examined to determine the eflect of soil, seasou and treatrnent on the
composition of the crops. In many comparative experiments on
fertilisers the total contents or percent€e recoveries of a given
nutrient give better measurements of availability than the yieltls
alone. For many crops it is necessary to consider how far changes
in composition affect the qualilv of the product as a food, feeding
stuff or industrial rarv material. Sometimes, as in sugar beet, the
methods of analysis and valuation are either relatively simple or
based on well recognised conventions. For other crops it has been
necessary to carry out experiments or ambiuous programme,s of
research in conjunction v/ith the industry concerned. (1] Thus, in
our work on the e{ect of soils and fertilisers on the composition of
potatoes we had the collaboration of the tesearch stail o{ Messrs.
Lyons. For over ten years members of the staff of the Institute of
Brewin5l Research Scheme worked in the Chemistry Department on
the composition of barley. It was shown (18) that soil and se?Lson were
tie most imPortant factors goveming qn,lity of barley lor malting
aud brewing ; variety and fertilisers had much less effect. The most
important soil tactor appeared to be the presence or absence of
nitrogenous organic matter. Nitrification late in the lile of the
barley plant tended to give grain with high nitrogen and low malting
quality.

(17) E. M. crcitb.i " Ioflu.tre of Fertili*E oD rh. Yield aDd CoEDciti@ olrPor.tG."
B!it,A5s., R.pr. o, Brisrol trtedDA, 1930, p. a20 ; E. M,CroElber-. R6Elr. of Redt F.!tili*r
EtFrio.Dls." ProbleEs ol Pot ro CrcFila, Ro&a@ted Cooler.trG, l93l, Vol. XVI, pp, 3,!r0.

(r8) E, J. Rlel! a.d L R. BishorF' Itrv6ttarioDs oo B.rley. R.Don o! the T.a Y.c ol
EtDfrireDts ud.r rh. Ictitut of Brrwila R6arc! Sch.E.. 192r-1931." JourE. IEt. BEw
1931, Vol. XXXIX,pp. t87-4:ll; L. R, Bishop- ThG Nitros.o Coatat.od' O@lity 'oI Bsby,.'
Journ. IDst. Arrw,, 1930, Vol, XXXVI, pp, 862-35.t.
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GrNgRAt
Much time bas necessarily been devoted to the improvement

and standardisation of analytical methods. (re)

The Department has talen an active part in the cooperative
investigations on soil ana\rcis by Committees of the Agricultural
Education Association(m), and of the International Society of Soil
Science (Mechanical Analysis and Soil Reaction Committees for the
Second Congress in I-eningrad in 1930, and Organic Carbon and Soil
Reaction Committees for the Third Congress in Oxford in 1935.)

Since l92l the Head of the Chemistry Department has prepared
an annual report on the progress of investigations on soils and
fertilisers for t}le Society of Chemical Industry's " Reports on the
Progress oI Applied Chemistry."

REVIEW OF WORK OF THE BACTERIOLOGY
DEPART}IENT
H. G. THoRNToN

The work that has been carried out in this deparhnent can be
divided into three sections :-

The quantitative study of the bacterial population oI the
soil: investigation of l'arious specific bacterial activities ttrat
occur in soil; investigations concerning the nodule organism
and its relatior to leguminous crop plants.

Tnr Querrrterrvr Sruoy or rHE BACTERTAL FLoBA
The study of ecology of the soil micro-population at Rothamsted

was initiated by the work of Russell and Hutchinson on partially
sterilised soil, which led to the conclusion that an antagouism existed
between certain groups oI the populatioo, particularty between soil
bacteria and protozoa. Some results obtained by Russell and
Appleyard at the same time indicated that ttre numbers of bacteria
in soil were far from constant. It was there{ore decided further to
investigate these fluctuations in numbers, particularly to discoyer
whether they were related in any way with the uumbers oI soil
protozoa. Before this could be done, however, it wil:i necessary to
imFove the existing technique qf plate counting, which \ras clearly

(19) T. EdcE-" A Nor. on rh. Colorioetric EsriE.tior ol Huhic Matt.r ia Min€rat Sotb."
JourD. ABn-:*i,,192r, \ol. XlV, pp. a69-.r?9; H.J. Pag. r.Otr rh. p.rchlorar. Mdtod ror lhc
Elri@rio! o! Por.s.siuE i! Soib, Feniri*r!, er.. ' jouh . Asri. Sci., to2{, vot. x ! v, pp. r33-l i8 ,E. M. Crcrrbtr aDd w. s. Mania-.The Votreitic oete"-iqti,ro of Tot l &rir;;,ic Acid i!
Dilot. Solurio.s oI C.lci@ Biaibotr.re." JoM. CbeD. Sd., 19r4, \'ot, CXXV, pD, t93i,1939,
E. M. Crowrhd- ' Th. Det.mi!.!i@ ot rlFroseE roD CoDeEintid.,, The cheliiaG, y.rr B@r.,
1924, Dp, 610-629 : E, y. Crorrlcr aDd I- X. Basu i NotG o! a Si@Dle leodmErtDeDt
Electrc<lialFi5 CeU for rte DGrcrEiD.tioD oi[rchalr.ibt. B:se6. TED!. i!d. Co@.Iitet. So..
Soil S!i., Budep€sr, 1929, Pt,A.,p!,. 100-102; V, Subrat@try&. .. Deremi@ti@ of Sulublr(arbobydral6, t:.lic Acid.!d Volatil. Fetry A.idsio Soils.!it Bioloric.l Medi..', Ioum. Asri.
Sci,, 1929, \'ol. XIX, Pr. IV, pp.619-666i V. Subreho.DyaD- -AD-I@prokd M.ihod tor -Lbc

D.t.mimtio! 9! Dslr.d otrs.b iD warcr." Jouh. 
^gh. 

Sci-, rst?, Iot. XVII. Pr. tv, pp.
463.{76iR.C.\4ar.DaldA,J.Ftsh--rbeCotoriDplricltre.eriniDatiobofp[GoLoricAcidia
HydrehloricAcidaDdCitricAcidLrrractsoisoils."louE.Aari.&i..t9tO.\'ot.XX.DD.itr.5{O.
J. K. B.su-" studiG oa Soil Rerion vII. A! Lteitodirreais ADDjEiE rot rh. D;;snin.tiorol R.pla@blc Ba36iD soil6, Jour!. Ast!, sci., ts3l. vol. xxI, rjD.,r8,H9r: E. T@u-,.T!.U* ol Sodie HrDobmDir. foi ![e Otja.UoD ot Oreeic tu.r!e;i' rh. .cieiet Anar*is ot
Soils."Joua,A€ii,fti.,1931,\'ol.XXI,pp.1;6-r83;-E.y.(roMh.raEdK,TrcU--Ori&lioE
ol OE.oic M.tter i! lb. h.rrqrEat or a; s lor M.ah&ic.r Ar.lyEir" Pr@. ,tr<I. (19:rc) lar.h.
CoEgt. Soil Scj,. Co!u. I, rglr, pp. a8-61, pp. 263-155, A. Wa[l.y isd I. ArE trcls.Blact-- A!
EBEr-rdo! o, !h. Derti.mfl'M.thod l;,i D.r@ioi4 Soil dReic Marld...--d r eoE.d
xodi.ricadoE of the cLb-siic Acjd Tirr.tioo Mer[o<l" s; sci., l-eri, voL X)IXVII, pp. ,r.38.

(r0l E. lL CEwtbei lritlr R. St.-an)-" Rlbrt ol rhe AlalrRis of Soil, SuMobeiri* or
tb. AattdtuEl Edqd(a Asi.tio!.,' istic. Fros., l9!., Vot. kl, pp.l OGrl..
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sub ject to large errors, for t}re estimation of which no adequate
statistical method existed.
l. Im$rotemmt and Testing oJ the Plale Techniquz.

The earlier plate coults of soil bacteria had been made either
upon ttre gelatine medium which gave inaccurate results owing to
liquefaction, or else on agar media containing a high proportion of
organic matter. On such agar media great difficulty was experienced
owing to the development of spreading colonies on the plates. The
investigation of such spreading colonies showed that the spreading
was due to active notility of certain bacteria o!'er the surface of the
agar plate and ttrat it could largely be checked by employing a
slmthetic medium oI such a composition that grorth of these organ-
isms was delay'ed during the early stages ol incubation. (r)

A satisfactory slmthetic medium havilg been developed, a series
of tests were made with it to determine the degree of accuracy
obtainable and to find out at which stages in tle plating technique
errors occurred.

It was alwa),E recognised that the plate method can give results
of only comparative value and that counts on a single plating medium
cannot tive any idea of the total content of bacteria, since these
belong to diverse physiological groups. For such comparative
purposes it was shown that, with a carefully standardised technique,
the errors due to shaking, diluting the soil and pouring the plates
were negligible when compared $rith those shown between parallel
plates oI ttre final dilutions. Such errors are due to two causes:
(a) the random distribution of bacteria in the suspension, equal
volumes of which are added to each plate, and (b) irregularity in
development oI colonies in the plate. It was found that in the great
majority of courts the whole detectable error was due to random
distribution but tlat in a few cases the irregular development of
colonies increased the error. Fortunately it was found possible to
detect such departures from random sampling by testing the variance
between parallel plates. A simple statistical test was developed for
this purpose by the Statistical Departnent working in collaboration
wi$ this department. (r) Thus when parallel plates a6ree satisfac-
torily, the error depends directly on the number of colonies counted
and any greater variance, causing the results to be questionable, is
readily detected by a simple test. The plating technique was thus
placed on a sound statistical basis before further quantitative work
was attempted.
2. Sho -period. Fhtctualions in Bacterial Nutnbers as loundby [htittg.

The problem was then taken up by workers in the Microbiology
Department whose work is elsewhere described. Using the plate
method, they found t}rat bacterial numbers in a field soil showed
striking fluctuations from day to day. Fluctuations in protozoal
numbers were also found: those o{ active amoebae showing an
inverse relationship to the bacteria in about 80 per cent. of cases.

The problem was then taken up in the Bacteriology Department

(l) Il. C. ThoEt@-" OE tlc DlvelopDert ol . Stodadis.d Aga! Mediud for couting
Soil Bsteri., Firh rspc.ial ftgard io tbc R.pr6srd oI Spreadirg Col@i6," Annals ADPI, BioL
9, tgrr, r1t.

(3) R. A. rishci, B. G.lAomt@, aDd W. A.lLct uiF ' Tnc Accur.cy ol th. Plario! u.thod
ot Esti@tiDg tb. Dosity ot Bad.nal S6p.ui@i." AlD.ls A!,pl. Biol., 9. lott, 3r5.
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where it was shown that large fluctuations in bacterial numbers
occurred between samples taken at two-hou_rlv interv-als durine the
day and night. These lluctuations usually bore no relation to e'itler
moisture or temperature of the soil. (8) -

3. Derelapme ol Microscope Couttt Melhod, for Couding Bacterial
Leus an 50 ,.

The work described above was carried out bv means oI the olate
method, but it was recognised t"hat this method inabled onlv a jmall
fraction of the bacterial Ilora to be measured and did not eriable one
to determine whether fluctuations affected the whole bacterial flora
or were confined to a fraction comprisinA organisms adaoted to eror,v
on the medium used for plating. The oir.lv-means ot m'easurini tne
total bacterial flora is ttrat of direct microscopic examination oi soilI-4n". + suitable staining technique for enabting bacteria to be
distin-guished in such films-was devdtoped by H. J. 

"Conn in America
and further improved by S. Winogradskv in France and bv the
Bacteriology Department at Rot}amsted.- Two very serious- difr-
culties had, however, prcventcd this staining technioue lrom beins
{gvelo.ped into an exact quantitative methoA. The+ rvere (a) thE
difficulty of estimating with anv accuracy the minute mass oi soil
eramined in a thin {ilm with an-oil immersion obiective and (bt the
fact that the bacteria ivere not distributed at random over th;t'Iiktr
from which microscope fields had to be taken as samples.

These difficulties were eventuallv overcome bv means of a ratio
method, the principle of which is is follows.(.)- A suspension of
indigo particles averaging one micron in diameteris made rip. and the
number oI particles per cubic millilitre is determined by m'eans of a
haemocJrtometer count. A known mass of soil is shiken up in a
known volume of this counted suspension. Films of the reiultinE
mixture are prepared and stained. ihe bacteria and indieo particle:
are counted in a suitable number of random microscooc fie"lds and the
ratio of bacteria to indigo is determined. Since t}Ie;bsolute number
oI indigo particles addcd per gram of soil is known, the numbers of
bacterial cells is calculabic fr-om ttre ratio. The calculation is, of
course, independent oI the quantity of soil in the fitm and sirce the
indigo and bacteria are similarlv disturbed bv the surlace tension
forccs during drying, it is found'that the ratioi of bacteria to ind-iso
show a random distribution over the film-

The method was subjected to the following tests. (a) Bacterial
numbers found in four portions oI a single so-il sample a.qreed with
a standard error oI 3.3 per cent. (b) The results of differei.rt workers
counting and preparing the films agreed as random samples,
(c) Counted suspensions of pure cultures of bacteria added to
sterilised soil were estimated with a standard error o{ B.d per cent.

The numbers of bacteria found in soil bv this method are of the
order of one hundredfold those found by plaie counts, and range from
1,000 to 4,000 million per gram. An exploration of some of th-e plots
on Hoos lield indicated a connection between the numbers found bv
the mrcroscope method and the leld of the plots.(.)

- (3, rL C. Tlotulon .nd P. H. H. chv r. Tb. Fluct@rioE ot B.ct€ri.l NuEb.B ead N r.Gcotrr.ut oI Fi.ld Srrs.'' Proc, Roy. Sc. t Ddoo, Srt. B, !06, le!o. t09.
(a) H. G. ThomloD and P. H. H. Crae-" Tr!. Numb.rs o( B.ctdi.l C.U. rr Field soit'- {6tib.t d be Lh. Rrrio M.rf,od " ^nDnii, 

hd R, A- Fbher. proc. Roy. Se. k;do!;S"i B ,I15, 193,r,6rr.
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4. Fl,trcrualiotx itt thc Numbers ol Baelarial Cells in Sail.
The above.described method was then applied to the study of the

fluctuations in bacterial numbers in soil. It has been found that the
total numbers of bacterial cells showed marked fluctuations between
samples talren at <laily arld also at two-hourly interv'als (4'6). These
fluctuations did not as a mle agree with those found by Plate courts
from the same samples.

There was us:ally no correlation between the fluctuations and
either temperature oi moisture. Significant fluctuations have been
found in sbil stored in an incubator at constant temperature and
moisture. Soil sterilised and supplied wittr a mixed culture of soil
bacteria also showed signilicanf iluctuations in bacterial numbers.
Tbis proves that protoioa are not the only cause of Iluctuations
although in a sinile experiment in which two-hourly counts of
amoebie and bacteria w6re made, an inverse relationship betweeo
them was Iound.

It seems likely that a somewhat delicate equilibrium exists in tie
soil both betweei dilferent groups of bacteria and between bacteria
and other forrns, and that-il a disturbing factor uPsets this equi-
librium, a series of fluctuations is set up.(5)

(5) C. B. T.ylor-Uupqblbled Th6is. UoiY. Irnilon' 1916.

16l P H H. Grav snd C, H. Chd@tF" on tbe Sttoul.tiDg Action of Cenai! Org'Dic Co6'
@uit& oo C.U'rlos. b.@6o6jlim bv d.rB ol . N.t A.robic Mict@r8e&@ thtt 

'tr'cf! 
Dot!

t lld@ end Asd." A!o. APPI. Biol.,ll, 1014, ta{.
'' tzt t. x.t'ing-_ A.rcbic Soil Bicteri. th.t d@o9o6. C.Uulo6. " Actt Univ' hM'ci5,
L..L-r-. F.tult., s.r. I. ll, 1931, ,r1.

a8l H. L- I.n*n-" The Micrcbiotocv of F.rE rrd M.!ff! D@EPoEitid ia Soll' U' D@E_
p6iti;! o, C.ilul@." Joum. Asric. S.i.;21, le3r' 81.

rNvEsrrGATroNS CoIicERNING Sprctru Gnoups or BecreRra

l. Cc.lhtlosc-Decomfosing Organisms.
The study of cellulose-decomposing bacteria be-gan with

Hutchioson aird Clayton's discovery oI tbe remarkable Spirgllyeta
cltobl&sa. Since thin a consideraLle number of aerobic cellulose-
dec6mfirine bacteria have been isolated and described by workers
in the'Depirtment. They include one of the few lntown agar-
liquefvins bacteria , Mioosiira agar-liqwfadens (61and some interest-
in! Ui.tEa" producing riduciig sugais from cetlulose 

- 
(?). An

investigation rvas made to discover what t!?es o[ organlsms were

active in decomposing cellulose in natural soil and it was concluded
that t}re natue af t}te cellulose decomposing flora was determined by
the soil's reaction. In acid soils the cellulose was attacked by fmgi,
in very slightly acid soils principally by Slircchnzb cylophaga ar.d
in neuirat "andakaline soii by j vaiiety o[ non-sporing bacteria. (8)

Related to this study was'an investigation of the bacteriology ol
farmlard manure decomposition in soil.-This showed that the early
stages of decomposition ire a.ccomPanied by a rise in bacterial-num-
bei and bv a 

-delav in the production of nitrate or even by an
assimilation of soil nitrate. Th-is period probably represents the de-
comoosition oI carbon compounds bv bacteria which are assimilating
nitr&en compounds. There is tnen a fa in bacterial numbers and
a lar[e increise in nitrate which is probably derived lrom the decom-
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position of bacterial cells. (e) It *as found that bacterial protoolasrn
is, in fact, readily nitrifiable in soil. (to)
2. Badaial Decontpositiol oJ Arcmutic. Anfisebt;cs.

This work arose Irom a difficutty experie-nced bv growers of
glass-house crops who used such corirpouiras a 

"re"ili"" 
a"iJ -dnaptrtbalene to destroy soil pests, but iound that theie.or"pou"a"

rapidly disappeared Irom soil. The problem uas taken up'in the
Bacteriology Department where a large number of bacteiia wei"
isolated which could decompose phenoll rz-cresol, p<.esol, ,_cresol,
totl'ene, and naphthalene, and could utilise these coinpounds as dreir
o3ly source of energl'. (1r)

3. Bo,ckl;al Prcdfftitm ol ltdisotir.
In the course oI the work vlth aromatic compounds. trvo orean-

isms were isolated which could oxidise indol to i;d.ieotin. (rr) iB;
are of some interest to soil bacteriologists as they'explain'the faie
of indol, of which appreciable amountsire added t6 soil'in *""".". 

'-

IN-lESTrcATroNs CoNcrmtNc rHE NrrRocEN-Frxlxc Becrerue
FROM THE NOOUTES Or Lncr.utxous preNrs

. . A large part of the work of ttre Department has been devoted to
this subject. It began with a study, in soil, oI the lUe cvcf" oiltre
nodule organism which had been investigated in artificial"cufture by
Bewley and Hutchiason.
l. Lije Cyclc ol !ry No4d4 bacterit itt Sqil qrrd thc D@etopment ol

Ltrcerne seed inoculatiott.
. The nodule organism from luceme (Medieaxo solioa\ when grown
in sterilised soil was shown to pass throireh the-same lifdcvcle al"readv
found to exist in artiJicial media. This cycle contains a itage durini
which the organisms develop flagellae anh are acti"etv moti"te. iiwal
tound that during this motile stage the organisms were capable of
mrgrating.throu-th Rothamsted soil at a rate of one inch in * hours.
lne addrtroD ol mrnute amounts of calcium di_hvdrosen DhosDhate
to the soil along with the bacteria stimulated th6 prrifuctlon 5t the
motile stage and hasteued the miSration throueh soll-(rsl
- This resu.lt was s€en to have- a bearing oi curreirt'methods of
legume seed inoculation. These in general-consisted in ;;i;;"-th;
seed before sowi,ng with a suspeniion of the apgroDriat" n8aui"
bactena in some liquid. W}leD inoculated seed isibwri the bacteria
tru€rate from the seed into the soil and reach the roots, which ttrev
infect to Iorm nodules. It xemed clear that the aa&tion ot- tnl
acid calcium phosphate, by causing an increased motiliw oi the
bacteria in t}te soil, should increase the chances of root iirfection.
-Experiment confirmed this expectation.

(10), H. L..JcEo-' The !,ticrcbioto8y ot tatuyard Muure Drcoomtiotr in Soil- III- D.-@op6i6d of rbe c.us ot Mic,rcrsris-63-, Jod. 
^s;;lG.,a; 

lsir,-i:-- - *- -..--

^ 
(u) -P. H.-H. GEy aDd H. c. Thomroo- .. Soit Blcreri. thar d.@@rBe c.rrai. Ae@ricco@pouila" c.trribt. r.B.f,t. II,73. 1918, ?a.

,..G.ili&fl *,:firadrhesFo@tioE or Indisotia rrom tldor bv so B.ct€ri.." Proq Ror.

-(lt)-H. G. Ttomroo.Ed N. c.lFde -..The Lif. Cycl. ot the NoduL OrEoiso. Asilr.,'#.:ft Tia.ri: #:-",ts R.r.!ioo"ro t!. ror;d@ 
"r 

r[" n.it pr_i.; -E-.cl i"ii]. #. rfi6i
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In pot experiments with luceme tie addition of calcium di-
hydrogen phosphate to the inoculating fluid approximaiely doubled
the number of nodules that were produced. (rt)

The new method of seed inoculation thus developed was applied
on a field scale to the inoculation of luceme. Previous attempts at
inoculating the luceme crop in this country had met with indifferent
success, although there was rea-son to suspect a deliciency oI luceme
nodule bacteria in the soil over the greater parts of the country.
Field experiments, financed by the Royal Agricultural Society and
carried out by numerous experi[tenters, showed a large benelit Irom
the new metiod of inoculation at most centres outside the South
Eastern Counties and proved that good crops could be obtained in
most parts of England from inoculated seed. (r.) The inoculation oI
luceme has now been placed on a commercial basis and some 4,000
acres of inoculated lucerne are sown annually.

2. Clowr Inoculdion and the Prcbl4m of Sbain Com[etitiol.
Recently the more difrcult problem of clover inoculation has

been studied. This problem was set to us by the Welsh Plant Breeding
Station in connection with their attempt to improve the feeding
value of upland pastures. On these pastures clover usually does
badly.

Examination oi the soil from such localities revealed the existence
of a strain oI nodule bacteria which, though forming large numbers
oI small nodules, produce little or no benefit to the plant. Similar
straurs had already been described in America. The presence of these
strains in the soils gives rise to a peculiar difficulty affecting seed
inoculation with benelicial strains. They tend to prevent the
entry of beneficial strains into the plant. This uafortunate
characteristic was shown to be possessed by the Welsh inefficient
strain.

The problem, therefore, is to find an efficient strain of clover
nodule bacteria of suftcient infective virulence to compete against
the presence of the inefficient strain. A good strain has been
forurd which is only slightly affected by the presence of the Welsh
stra.in.

The competition effect of the inefficient Welsh strain and the
action oI this virulent good strain (here called strain A) was illustrated
bv a sand cr:Iture experiment with Alsike Clover in which alt the pots
were supplied with a mixed flora of local Rothamsted races of clover
nodule bacteria while hall of them received in addition a suspension
of ttre Welsh ineficient strain.

Where the local nodule bacteria were alone Present the nitrogen
fixed by the clover averaged 275 milligrams Per Pot. Where thes€
had to compete against the Welsh strain, nitrogen fixed by the clover
added to tf,e sand was reduced to 34 milligrams. Where seed was
" inoculated " with Stnin A, howeYer, the harmful effect of the
Welsh strain was partly overcone and the nitrogen fixed amounted
to ll2 milligrams. Benelicial results have been obtained in field
trials in W;les with Strain A. These results are shown in the
Iollowiag table :

(ra) H. G. TboEto!-" Tta ' Ioocd.tioo' ot Lu@. lu.n*ago 54tao. L in AEt Brit i&"
Jootu. Aaric. ScL 19, 19t9. aa.
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Efiect oI Welsh stiaia atd oI Skain A on milligraEs ot nitro8ln fird by
Akike Clov€c growa in sadd.

Seed Bot
IDoculated

Seed
Inoculated
Strritr A

Sand with ooly local
Nodule Bacteria 215.2 318.0

Sand with local
Nodule Bactelia
plus Welsh Straia lll.6

(f 5) H. G. ThoEtoE-" Th. Rol. ot th. You* L@E PLlt in D.t dioi@ r.he hl.tiG oftt. R@t by i.hc No<lul.lo@ilA B.cte!ie." P!oc. Roy. Sd. LoiiloD. Sir. B, t6a, 1919, a8l.
(16) E, F. Mccoy-" Ioicctioo by Bdd. radici.& in Re!.tioD to rlE Mic!@L.misrrvot trl.

HGfs C.l! Walb, Pr@. noy. Sd.lrndoD- S.r. B. llo. l93r.5li.

?. The l*fectittt of lhc Legtmc Root.
Nodules are rarely Iormd on seedlings of lucerne and clover in

the cotyledon stage but their appearance is closely associated with
the development o{ the true leaves- Evidence was found that at this
staSe the roots of the plant secrete some substance stimulatory to the
growth of t}le bacteria. Nodules can indeed be induced to iorm on
seedlings in the cotyledon stage if these are watered with the solution
from around the roots of older plants. (r5)

The actual mechanism of infection has been investisated-
Infection takes place through the root-ba.irs and is precededby a
characteristic deformation of these hairs. Numerous observati,ons
have shown that this preliminary deformation of the root-hairs is
necessary to enable infection to take place. It was shown that the
deformation was caused by a bacterial secretion and that it could be
produced by a cell-free filtrate of the bacterial secretions. ft is an
interesting fact that the action of the sccretions from a given strain
of nodule bacteria is not specific to tlre particular legume species
wh!c! lhat strain is capable oI infecting. Thus although luceme
nodule bacteria cannot infect clover roots, the secretions of lucerne
bacteria can deform clover root-hairs.(16) The nature of the active
substance is being investigated. It is therrnostable and from the
secretions a gum can be precipitated with acetone. In its crude form
this gum is also active, but it seems likely that the active substance
is some other compound associated v'ith the gum.
4. The Actiott oJ Nitrales on Nodule Formation.

The study of the root-hair curling has provided an expranatron of
a phenomenoa which bad for a long time remained a problem. If
inoculated legumes are grown in media rich in nitrates or ammonium
salts, nodule formation is harmfully af{ected and may be stopped
entirely.

An experiment in which inoculated luceme was grown in sand
supplied with a range of doses of sodium nitrate, showed that both
the number and the size of the nodules were orosressivelv reduced
with increasing dosage ofnitrate. The nitrate tt'us [roduced'a twofold
effect ; firstly upon the infection by ttre bacteria and, secondly, upon
the groMh of such nodules as are formed. These two effec-ts rriere
separately investigated.
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(al Ellccl of Nitr& on Roothab ltJcrtiott.
When lucerne was grown in agar containing 0.1 per cent. NaNOr,

not only was nodule formation stopped but no infection of t'he root-
hairs took place. This was accounted for by the fact ttrat the nitrate
inbibited the delormatiou of the root-hairs by the bacteria, which is
a necessary prehde to hfection.

Sodiu:n nitrate at that concentration did not harm the bacteria
or prevent tbem from producing tleir root-hair curling secretions.
On the ottrer hand the bacterial secretions separated from the
bacteria by filtration were largely prevented from deformirg the
root-hairs when these were grown in the presence of sodium nitrate
of ttre above concentration. The results are showl in the following
table :

Iafluetrce of sodium lilrate upoo the deJormatioa oI lucertre toot hais
by trodule bacteria atrd by their s€cletions.

Percetrtage oI
Deformed Root

Hairs.

A. PlaDts growa in Agar without
Nitnte.

l. Plus Nodule Ilacteria ., ..
2. Plus Bacterial SecreuoEs

80.3
71.8

B. Plants growa io Agar with
Nitrate.

1. Plus Nodule Bacteria .. .,
2. Plus Bactedal Secretiotrs

l4.t
12.8

(b\ EtJeA oJ Nihde u{ott Nodule Gtouth.
When lucerne plants bearing youag nodules were transplanted

into a medium contaiaing 0.1 per cent. NaNO, the growth of the
nodules was slowed down or entirely checked. Microtome sections
of such nodules showed that the growing cap at the end of the nodule
was often walled oIf by the formation of a layer of cells with thickened
walls.
5. EfJect oJ Nitrute on a Mixed Crcp.

There are so many occasions when legumes and non-legumes are
grown in association that the influence of nitrate manuring on such a
mixture is of $eat agricultual importance. A sand culture experi-
ment was made in which tlree doses of sodium nitrate were applied
to (a) luceme grown a.lone and (b) luceme growing with ltalian Rye
grass.

It was lound that the leld and litrogen content of the lucerne
when grown alone were unaffected by tie nitrate dose, but where
luceme and grass were grown together, the yield aDd nitrogen
content oI the lucerne and even of Jhe combined crop were inversely
related to the dosage of nihate applied because the $o*th of the
lucerne was adversely affected by competition with the more rapidly
growhg grass.(1?)

0. Urtihz of Nitrogctt by Grass Associalzd aith Lueenu.
In the above experiment and in a conlirmatory trial, grass growing

(r7) H. G. Tlordor ed H[sb Ni@l-' fie EtrEt oI Sodiuo Nitrat or th. Grorr[ .!d
NitllsE C.!t nt ol a L@m. .l Crs MLtr." JouE. Asric. Sci, 2t, 1934, ,6e.
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with luceme was Iound to contain much more nitrosen than was
applied as nitrate. This nitrogen must have been deriied from that
Iixed by the I'rleme. ,The uptake of t}lis ,. fixed ,, nitrogen by the
grass could be detecte{i withi! t}ree mont"hs of sowine. Tlirs suseests
actual secretion of nitrogen compounds by the lucerie rools.(iiJ8)
7. Thc Equilibrium behtccn Symbiosis and parasitisrr, ttithil the

NoduJe.
When a healtlily growing plant bears nodules produced bv an

eficient stra.in of t}re nodule organism, the relationship between'host
and bacterium is normally one of qnnbiosis. A delicjte equilibrium
exists, however, which can readily be unbalanced in the di'rection of
parasltlsm.

Such induced para-sitism was first observed in the broad bean
(Vkia laba\ on planls grown in boron-deficient 

""ttuiu 
.ol"ii""_

Such plants bore minute nodules which fixed no nitrosen. while
healthy controls bore large and active nodules.

It was found that deficiency of boron

nitrogen, while

boron had so affected the

destroyed t}re contents of the cells in which t"hev [;_irr) - - - ---
It was supposed that in this case the chane6 to'oirisiti.m *..

caused by the bacteria being cut off from ttriir subolv of carbo_
hydrates, normally brought to them along the vasculii sirands_ and
to their being reduced to obtaining theii energy material fro; the
host protoplasm.

To test this hypothesis, inoculated luceme plants were placed in
tlle dark so that a deficiency of carbohydrate mieht be Jrodu""d-
in this case by the stopping of photosyn'thesis. No'du.les fiom these
plants showed parasitic attack on the part of the bacteria ouite
similar to that shown in boron-deficient nodules.(E)
. -The- change to parasitism which, in these Liperiments, was
induced in young nodules, is a normal phenomenon^ il old lucerne
and clover nodules towards the end of 

-the 
summer. In such old

nodules, parasitism was observed to commence at ttre base of the
uodule and graduaily to extend tluoughout the central tissue uatiltle middle of the nodule was compleiely decayed.(D) parasitism
is thys.an annual phenomenon, tending to 

""ilngiisL 
the nor rra

syrnbiotic gowth.
THE \4TORK OF THE

GENERAI MICROBIOLOGY DEPARTMENT
D. W. Crrrr:n

The kilds of micro-organisms, both arnong the bacteria anil the
protozoa, ttat occur in the soil, and thet activities, are d.etermined
by the soil structure; broadly speaking, the suitabilitv oI land to
agricultural purposes is correlated wit}l the size of its population. Ior
a soil ir good tilth, with a.mple spaces both witbin arid between the

structure of the nodules that t}e vascular strands which normallv
connect t}te nodu.le tissue v.ith the stele, were absent or vestieiai_
In the centre of the nodule the bacteria had become parasitic ;di;dIn the centre of the nodule the bacteria had become para_sitic and

-."1'"' 
)*t 

!;*i3l' j;li i:-,1,)5il;;,:t;i1.#'*,tff aL11lljiT.&g{r;1%*trNirroa.o of crcp phDL', ,ith speci.l RdeF;e rd A.sodet6d-a;d!"" si.i tr;.;'c-,-ie!{' tii.Nnros.o of crcp pr&G, 
'ith sFci.r R.h*i!@ t;A;od.ideriiiti" si"l: i-;;'c-lieii #i.

Go) w. E. Blodrcy &d H. c. Thomton-! Tr. R.t6rioD A<r'tm rh. D.v!r@;dt. irfr..rr, aad !@criod.a ofih. oodurs oo zi* /ara'; ft;-n;y.-sa'6;oi, $i. fl-{a*.iiibi'iii.(rO) II G. Tt@toD-.. Tb.I!flu.ncc of rb. qGr plaat ir loducins p.Eiti3D iE L@crE ...lClov.r Nodul6." Pre, Roy. Sa. tadoo. S.r. B. 106. l9!0,
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crumbs for air and Ior water, proyides an admi_rable habitat for
bacteria and protozoa. Even where the soil structure is less desirable,
and where temporary anaerobicit5r may occur owing to the cutting
oll ot pore spaces by films of liquid, a large population either ol
lacultahve anaerobes, or of spores and cysts will survive.

One of the chief characteristics whicir ma-kes soil under normal
cooditions such a suitable home lor living cells is t"he fact that chanees
when they do occur only take place very stowly, and the inbabitaits
have time to adapt tlemselves to the-new circumstances and this
the free_living bacteria and protozoa are very well able to do.

__ --Further, in ttris, which is one of ttte old;st of a habitats, the
different group o[ the community must have arrived at a condition
of delicate equilibrium, where any disturbance in one erouo mav
serio'r.ly influence others, and whire drastic changes, eiiher'in tb"e
chemical or physical environment, may have detriinental effects on
tbe general efficiency of the population in improviag soil fertility.

Studres on the soil bacteria have been carried on for a consider-
able number of years and have been bot} quantitative and oualita-
tive. - Unfortunately the methods of counting these organisms are
Bborious and in no case entirely satisfactori: while ihe irdirect
dilution methods always give an-under-estimition of the numbers,
since they depend upon tbe assumption that all tlpes will grow on
one and the same medium at the same time. the more direct irethods
depend upon the equally unsound assumption that alt the ceus
observed under the microscope are viable. Neittrer method dis-
ffiminates between the diflerent physiological groups. Nevertheless,
there can be no doubt that both 

-types-ot 
ri'etUriO yield valuable

results, and that they have throun coniiderable lieht on some aspects
of bacterial behaviour both in soils and in culiues. It is fiimlv
estabtished that the numbers of bacteria in tield soits cha.rree raoidl;
and. that these charges are to a very great exteni i;td";d;t 6i
environmental conditions, While the general level of numbers is
determined by the character of the soil, and laxgely by the amount
oI organic matter that it contains, the a,.tual dailv or hourlv fluctua-
tions seem to arise fi om intrinsic causes in the orga.nisms ti"emselves.
Ttrere is-, however, sume evidence that other things being equal, a
high moisture content tends to raise the bacterial n-umbersl anh that
a soil temperatu.re of more than 50oF. has a slightlv depressirs effect.
alttrough in tie laboratory most soil bacteria"gro:w wlll ;-i h[ir;;
temperatu-re than this.

In the spring and the autumn there is a definite rise ir the
numbers of bacteria, whicb again can onlv be ascribed to intrinsic
and not extrinsic causes. It is obvious since the numbers varv so
much not only Irom day to day but from season to season tfr"at a
slngle estimation of the numbers of bacteria is of little or no value.
Nor is it easy to correlate the numbers of bacteria with the chemicat
changes that they brirg about in the soil. This is Ior the two-fold
reason that under field conditions there are numerous kinds of
bacteria, and also uany different chemical compounds which because
tney are coDstantly changing and irter-changing make a straisht-
forward issue impossible. \Vhen, however, a sterilized soil to whi;h a
sllrgle bacterial species has beeu added is, for example. given a
carbohydrate sucb- as glucose the issue is clear and tneie is i direct

E
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correlatiol between the numbers oI bacteria and the aJrrount of
carbon dioxide evolved. When the output of carbon dioxide Irom
untreated field soils is considered a very wide range of results is
obtained ; for example, samplqs taken from the larmyard rnanured
plot of Broadbalk may give an average daily carbon dioxide produc-
tion of as little as 0.006 grammes per 200 grammes of dry soil, or as
much as 0.022 graJnmes, although in both cases the average bac-
terial numbers, as found by the plate method, are twenty millions per
granrme o{ soil. Parallel investiSations on such plots as the unmanured,
or on plots receiving dressings of minerals with nitrogen as both nitrate
of soda and ammonium sulphate, compared rith the dunged plot
suggest that there are comparatively small differences in the average
daily output of carbon dioxide as between plots. Although it may
seem a far cry from the heterogeneous community and environment
of the soil to the laboratory pure culture, yet work on pure cultures is
useful in attacking piece by piece the intricate problem of the soil as a
whole. For example, in cultures there is a general agreement between
the bacterial numbers and the amount of carbon dioxide produced,
but though a rise in numbers is accompanied by an increase in the
output of carbon dioxide, yet there is no exact numerical relationship
between them, for the individual efficiency oI each bacterium varies
according to the numbers present in the medium ard to their physio-
logical condition. The more bacteria present the less eficient is each
individual, and on the whole, they are less emcient producers of
carbon dioxide when they are rapidly reproducing. Broadly speaking
the same thing is true for efficiency in ammonification, and it seems
probable that it applies equally to otber chemical activities of soil
bacteria.

On the whole work on cultures shots that the soil bacteria are
. for the most part active fermenters of sugars, both monosaccharoses
and disaccharoses, and that they also grow well on salts of the
common organic acids. It seems probable that the range of compounds
from which one ard the same species can obtain carbon, that is,
which it can decompose, is a very wide one.

The behaviour of soil bacteria on nitrogen compounds is also
characterized by this ability to utilize a u'ide range of compounds.
The same organism may be able to ammonify, to make nitrite from
the ammonia that it has itself formed, to utilize nitrite as a source
of nitrogen for grorth, and to reduce nihate. The STeat majority
cal ammonify to some extent, and there are a Iair number that can
produce nitrite in small quantities Irom arrmonium salts, both
iaorganic and organic, while a much larger number reduce nitrate to
ni,trite, and some carry the reduction further to arlmonia, or eYen
to nitrogen,

Tbe (uestion of the formation of nitrite {rom the various ammonia
is again a point on which light has been thrown by

laboratory work on pure cultures. It is clear that there is a very
rnuch larger numbeiof bacterial species than can produce nitrite ia
small quantities from ammonia thar was previously suPPosd, and
ttrat tiey caD carrJ, out the reaction under very varied environ-
meuta.l ionditions, but their behaviour too is variable and tle
,actors ttrat govern it are still obscure. One factor that influences
tbe {ornation of nitrite and its removal by biological agencies is the

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 50

carbon-nitrogen mtio. Thus, * "tlr,**, a ratio higher than fifteen
to..one tends to_be -accompanied by the disappeiance of niGiewtlrout tle production oI nitrate or ammonia ;-while lower ratios
lead to nitrite formation. For example, the nitrite p.ra""ti"" ii'"
-p:* j*t*: after four. da;.i' g,"*th';il; tlJa/i{'*I""** r,.rr,
was 3.2 grammes of nitrite nitrogen per million, while when theratio was 2: I the amount was 0.16. '
- From these heterotrophic bacteria the amounts of nitrite oro-

duced are small when the mediurn consists of simple inorganic arnnion_
ium salts, but wlen urine is provided, as the solurce 

"f';i;;;;h;quantlty of nitnte formed is very much increased.In the soil there are considerable quantities of nitroqenous
organic compounds, which are probably i:quaUy .""iUUf" l?i'in.
Iornatton o, nltnte; but even if this were not tlre case the numbersin which the_ nitrite ortanisms occur zLre suficient to ";;; th"
c-onyef]olr_ oI large quantities of ammonia to nitrite even thoush
the lndr!'tdual contribution may seem to be extremelv small.'lhe elucidation of the problems of soil bacteriol-osv is further
compucated- by the presence of otler micro_organismi; and. fromthe\pornt of yiew of their interlerence with bacierial activities- tto
protozoa have received more attention than .nv ott 

"i e.ou;.-'ihi
soil .stnrcture provides a good environment t". im fif" 3i r-,ri"".o-u,
small,amoebae and flagellates, and, in small numbers, ciliates such
as Lolpoda, are rrsuallv found.
, More than 250 speiies of protozoa have been recorded and amonp

these there.are .t$enty_-one ttlat have not as yet tuen .*ora"a f.oriany.olner locallty. lhere are, bowever, certa.in species ttrat are
.pracucall)' ubtqultous, and no soil examined at Rothamsted has
l_at1e_1-t:_)nelq,a 

protozoan population, though the number of speciesrn anv one sorl may be small.
Just as the bacteria fluctuate so also do the nu.mbers oI Drotozoaand a6ain there is no obvious correlation b"t*;ih;i; i;[;;;

and the charges.taking ptace in their phyri..i;;;i;;;;;;. -Arfr;;l
appa-r:ntl], the-highest numbers of proiozoa tend to *.* *-n* ii"
sou. rs Dotn cold and damp, and further, under these conditions. there
rs tne.greatcst amounl of activity. There is, however, a verV markednegarlr'e correlatton bctween the numbers of bacteria of ihe tvDesthat will grow on nutrient agar ptates, -d t[;;b";;? .Jtil;
amoeDae present rn the soil. Whether these amoebae feed indifferentlv
upon all the bacteria that occur in soil, or whether ih;";i;f ;;;i
them is still unknown. It iscertain that Ur.t".ir*frii#r. -oroloi""._illuV alike have very di{ferent nutritive ,r;.r,;'l;a;il'f;';hE;
errect on amoeblc gro\ttb, and there is a certain amo-unt-of er.idenceIrom culturat studies that the amoebae are able to select the food
which. they prefer. But the probtem l" 

""ry 
irtri.ii" tii;";" ;ffia Dact€nal specres rs itscu readily eaten by an amoeba. the samebacteria when crushed irr the liqui.-d containinsE;;.-;;t" ;j il;;

own gro\tr'th, wilt inhibit the groith in ;;il#";i t[;iri;#,x;
",*^lnn g to encourate premature encystment.

.,slnce. the majonty of protozoa in thi soil feed on bacteria. thev
yu,Dy- try{ prcdactory action tetrd to keep the bacteria at a hiehe'rrever or eticrency by acfually reducing ttreir derlsity.

rne so then,not only because oI its pbysico-cliemical structure,
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but also from its population presents a very inkicate problem. -The
various members ofthe community are coutinually acting and re-
actfurg one with another ; the chemical compounds present in the soil
are of diverse natures ; the bacterial species are equally diverse, so

that at tbe prqsent time it is almost impossible to disentangle tle
various end iesults of the microorganisms' activities. Only by the
laborious process of tracing out piece by piece the work done by the
various groups is it possible to hope in the futur€ to obta.in a €eneral
oicture d'f this. possiblv one of the most hteresting communities, and
iurth". oo" wLire thi batance of the populatiodis most delicately
adiusted.
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THE FARM
It is with great regret tlat we have to report the death oI the Farm

Director, Mr. H. G. Miller, on .A,pril 5th, 1934. He carried out with
great success tle reorganisation of the tarm, necessitated by the
decision to convert it from wholly arable to partly grass and he left it
in a satislactory state lor the economic performance of ttre experi-
mental. prograrDme.

His successor as Farm Manager, Mr. J. R. Moffatt, had worked
under him for some months so that there xras no breach of continuity
when the change came.

As far as is feasible without detriment to the scientilic work,
investigations are made at ttre farm on matters oI practical hus-
bandry.

Three oI ttrese are already giving results ard arc set out
below.

COMPARISON OF ELECTRIC MOTOR WITH THE TRACTORS
AS SOURCE OF POWER ABOUT THE BUILDINGS

During the last two years tbere have been facilities on the {arm
for car4ring out routine operations using either a tractor or an
electric motor as a source of power. The work is carried out under a
grant from the Royal Agricultural Society's Research Fund, and in
consultation with the Oxlord Institute of Research i-o Agricultural
Engineering. It was made possible il the first instance through the
generous donation of electrical equipment by Sir Hugo Hirst, oI the
General Electric Company, whose agricultural expert, ItIr. Rowland,
is always ready to help.

fn threshiag, for example, the electricity cons:mption is obtained
Irom meter readiags immqdialely before and after an exPeriment :
measuremeuts are taken of tle a.Elount of electricity required to
bring the thresher up to speed, and also of the electricity used
when the thresher is running light, so as to make all necessary
corrections.

For the tractors, the quantity of paraffin used durhg actud
thrcshing is measured, also ttre petrol required for starting and
warming up the engine.

The iimt required for starting and lining up the tractor is recorded
and also that for bringing ttre motor into position.

In the 1934 ttrreshing experiments the comparisou was between
a General Electric Company Witton 20 H.P. portable motor and two
Intemationa.l Harvester Company lG20 tractors : one new, attd ihe
otler having alrcady doae 7,00O hours of Iield work durirg nearly
? years of hard service on the farm. The threshing machine, manu-
I;tued by Messrs. Marshall & Son (Gainsborough), ha-s a drum
width oI 48 in., and was run at about 1,100 revolutions pr
minute.

The work was done rmder ordinary conditions oI farm practice
and by the ordinary Iarm staff : the recording was done by a seParate
ofrcei. Each test lasted two hours ard a considerable number were
made. The mean output of grain or total produce in cwt. durint
that time was on the average :
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Gt"ain
Straw. cbaff. etc.

Per ton of

Per ton of total

Barley.

9t, IEnce.
Oats. lBarley.

lo-8 |

-lIl-l I

Petrce.
Ba.rley.

40
45
85

4.43
4.60
5.95

3.29
3.07
3.90

Total

The parafrn and electricity consumption and their corresponding
costs per ton of grain and per ton of total produce are shown in
the following Table :

Ncw tractor. Gals.
Old tractor. Gals,
Electric motor. Units ..

New tractor. Gals.
Old tractor. Gals.
Electric motor- Units ..

9.t5
0.40

12.1

wm.t.] o.t". BarIey

4.40

4.73

The costs were calculated on the basis of 6d. per gallon for
parafrn; lubricating oil 3.7 . per two hours; and electricity 1.47d.
per kWh. (unit charge f fixed charge). The costs Ior ltniag up the
source of power with the thresher are not included in the above
figue, as under commercial conditions starting costs wiu not occur
erzery two hours : the labour cost in operating the thresher is also
omitted since it was the same for the motor and the tractors.
Actually so Iar as pouer cost is concerned the advantage is with the
tractor : but when overhead charges and depreciation are brought
into account, as they must be for a complete statement, the electric
motor works out as the cheaper source of power. There is at Present
some uncertainty about the assumptions necessary to evaluate the
overhead charges for electricitl', and records of upkeep extending
over some years will be needed before we can 6ive a reliable figure.

The eftciency of the old tractor is remarkable ; in a number of
the comparisons it consumed less parafin than the new one, presum-
ably because of a better carburettor setting.

The highest overall output recorded for the 20 H.P. motor was
only 10.5 H.P. ; the rated output lor the tractor is 20 H.P. ; hence it
appears that the motor and tractors were oDly generally rEed at
about half their rated outputs, and more economical results would
have been obtained wittr uuits of smaller power.

VAIUE OF FODDER CROPS

As alrcady stated (p. 30), the value of the Iodder croPs obtained
during the course of the experiments is to be assessed by the pigs
since biochemistry is not yet sufrciently advalced to enable us to
do this by analysis. It is iot proposed, however, to develop investi-
gatioas into enirnal nutrition as such.

50
70

t20

40
55
95

1.03 I 1.48 I l.t4 I 7.65
0.04 I - i 1.28 I 7.ro
6.50 I 7.60 I 8.40 I 9.60
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SHEEP TIUSBANDRY EXPERIMENTS
These experiments deal with the flushing of the ewes and other

items of management. The four-teated ewe flock is hcreasing, and
is run with the two-teated flock so that the lambs may be otherwise
compa.rable: detailed records are kept of the rates oI growth of the
lambs to see if the additional teats tend to increase ttre milk supply.

The interest of the Iarm stalf in experimental work shows
itself in the high standard of their ordinary work. As an encourage--
ment to the staff we began in 1933 to send animals to shows, and
tlis has been continued. No special expenditure is incurred on
exhibiting, but gratifying successes have been obtained by both
farms as the following list shows :

LIST OF SUCCESSES AND SHOW AWARDS, I93:I AND 1934
RorEArisrED

G/.at Hcnfordshir. Srou. Eatfield.
1933. 2nd prize. 5 crossbred Iat lambs.
1934. lst ,, 5

Hikhin Chtisrmos FaJ Swh Shou.
1933. lst prize. 5 clossbred fat tegs.
1934- lst

lst
5,,
Fat sow.

lst ,, Pen oI 2 bacoa pigs.
Sftithli'U Cfub's Fat Steh Siou.

l9&. Res€ri'e aad Hi8hly CodmeBded. 3 crcssbred ,at laabs.
R.rlboari. and Disbw Agiculrllrdl CofiPcritior.s,

1933. 2trd prizz. Horse plorghing {F. Stokes).
3d ,, (e. I-ewis).

1934. lst prir€ atrd silver challeDgc cup. Horse ploughinS (F.Stokes).
,st ,, Best tum-out. I-aDdowDers' teams (F. Stoke'!).
Certilicate of Natiotral llotse AssociatioD of Great Britero

(F. Stokes).
WoBUrx

Bedlord Aglic{Awal Soci2ty Shoto
1933. lst pdze. 5 crcssb.ed lambs.

znd ,, La$e black boar.
3rd ,, Crc€sbred gilt.
Res€rve. 5 breeding ew€s.

1034. lst prize. 5 crossbr€d laBbs.
lst - I gilt pig.
zad. ,, 5 bteeding eE'es.
,nd ,, Brceding sow aad litte!.

Barfo/A Chistmas Fal Stoch Shou
1934. lst priza. 3 Iat tegs.

Srt ryi.A Chab's Fat Sroch Show
193:1. lst prirc. Crossbred lamb carcase.

Higbly comdleoded. Pig carcase (l0GI60lb.).

VISITORS TO THE FARM AND LABORATORIES
The number of visitors was 2,4{i0, the highest on record, and the

arraDgeoents for demonstrations by Messrs. Garner and Gregory
worked out very satis{actorily. T}e new demonstratiotr rmm at the
farm proved very useful.

INSECT PESTS AT ROTIIAMSTED AND WOBI'RN, T$3.4
H. C. F. NEwroN

Gnxrner,
There was au increase in wireworm attack this year which was

generally severe on cereals. On Pastures field there was an outbreak of
Hcbroilaa schachlii Schmidt which, together witJr a &it fly attacL.
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ruiaed the oat experiment. Gout fly was generally preseDt but less
severe than last year. Flea-beetle attack a.Sain occitrrd.
Bnoelrltx

Wlual. lio appreciable loss from insect attack occurred but the
infestation by wheat nidgr-s (Sitod;plas* mosdlata G6hin and
C_ottloin-ia bitbi Kirbyl increased slithtly. The lollowing are tbe
tltures lor the past eight years.

Year.
Perceatage graitr attack

t928 1929 1030 r93l t932 1933 1S34
6.5 7.7 t1.6 21.4 ts.4 2.1 4.0

1927

Tlre Wheat Leaf-minet (Agronyza ambgra Fall.) vas again rare.

Hoos Flrro
-The classic.al baiey plots, fallowed last year, sulfered from

wireworm attack, while the Four Course Rotaiion barley was only
slightly att cked. The Flea-beetle (Phyllotreta rirrllz R;dt.) caused
slight leaf dam€e on both plots, a.s also did an unidentified Saw-Flv
la^'a. Part of the arlernate uh?at stnp $tas destroyed by wireworm-;
wheat bulb-fly was also present.

BARNFIELD

. Ma*goll.s. A general attack by the Pigmy Mangold Beetle
(Alornaria lizzauls Stephens) occurred. causins some ldss oI olant.
The gappiness was mist mirked along the u"pward slope nrirning
across the niddle of the field. As it has beer pleviously atated that
the beetle occurs less frequently on the rape iake area an attempt
was made to find out its distribution ovei the various plots by tie
examination of about one hundred soil samples. Some live hundred
beetles in all were found in these. It appeired that the beetle was
fairly evenly distributed over the field, but was less frequent in
areas where the tilth was bad and the soil 'capped.' The population
was highest on the farmyard manure plots where the soi[ w;as more
friable, but the mangold plant was much less affected here. It would
appear, therefore, that it is a combination of bad growing conditions
and beetie attack rather than a larger population of beetles which
produced the gappiness on the area referred to. Springtails were also
prqsent.

Pesrunas
The oat variety trial was partly destroyed by a combined attack of

Hdarodara sciactuii Schmidt, frit fly, the stem eelworm (AryuilJulinc
dipsccr (Kiinn) Gerv. v. Ben) and wirervorm. Occasional plants were
destroyed by lepidopterous larvae, probably APamca. saalis L.
Apart from the effect ol l}.e Helc/odela itself, the attack held back
growth so that the frit fly attack was iotensified, resulting in areas
which produced practically no crop. An area similarly infested with
Helaodcra occurred on the commercial oats and a record has been
made of both positions. Over the rest oI the Jield few cysts were
found except iu the case of the wheat experimeot, which was lightly
infested. Here growth $as not affected as in the case of the oats.
The roots of two plants from a badly iafected area, one plant two
feet high and the other only a few inches, were examiaed aud the
cysts v/ere counted- There appeared to be little difference in the
numbers present ; in the first case some 300 cysts were found ; in the
latter over XX).
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Oat crops on Pastures field were in 1929, recorded as " winter
killed," and again iu 1931, wben four acres Dear tle road yiekled
14 cwt. per acre.

I,NG Hoos
l lud- Wireworm attack vas genenlly observed on tlre winter

sown cereals. The stem sawfly \Ceph*s fygmacus L.) was observed
ovipoeiting in early Jr]J.e. Ba ey on tdre Three{ourse Rotatron was
atticked Ly wireworm, that oh ttre Six-Couse Rotation less than
elsewhere on the farm. The Barley flea-beetle (Phyllaheta ttifrttb
Redt.) was generally present, but did not cause aPpreciable daruage.
Frit flv and sout flv attacks were not serious.

Suiar Bia suff;red little from insect attack. Some damage by
Plcariscelis concinra Mash, and by Springtails occurred on Lorc
Hoos I. The Dacns on the same section were severely attacked by
the pea and bean weevil lSil.ona lincata L.). On tle /cr ttte Flea-
W+ie (Ailhont aQlaftiac Schr.) was found but numbers were too
scrall to cause da.mage.

Fosmns
One sowirg oI hak wx destroyed by Flea-beetles in early Yly:

the second soGng (May l0th) escaped. Later, in early June the third
sowing and the resowa first plot were subject to a ftesh attack.
GREAT HARPENDEN

Rooks destroyed the first sowing of beans in the north-east of
the {ield.

WOBURN
Srecrveno

Bcrl.cl wts attacked by gout fly. Slight damage to Sugar be4
was cauied bv wireworm, Pipy tr{angold beetle and Mangold fly
lPegonyia hy-oscyami Panz.). Odd plants were eaten off by rodents.
Mangold fly was also present in Butt Close.

LANsoMB
Maize *ltered from frit fly attackitrg the tillers, as many as

twmtv larvae occurrine on one Dlant. Some flea-beefle darnage
occuried on the crucifeious crops and lhe socdcs were attacked by
ortworms.

FI'NGUS DISEASES AT ROTHAMSTED AND WOBURN,
1933-34

Uenv D. Grvxlrr
WmAT

Take-a\ (Ophiobolus graminis Sacc.l was rare. It is generally found
on the Continuous wheat and barley exPeriments on Stackyard field,
Woburn, but this season these were fallow.

Foot Rot (naiualy F*arium cuJttpntm (W.G.Sn.) Sacc.) was
found scattered as occasional " whiteheads " through several cmps
at Rothamsted, there being more on Broadba.lk tha.n on other Iields-
At Wobum it was plentiful on the " Precision " and on tie " Nitro-
genous Manure " eiperiments on Butt Furlong Iield, dead heads and
itunted plants being common. Similar symptoms had been apparent
in barley grown in the same field in 1929 when patches of sturted
barley weie associated with the presence ol Fusadum sp. on tle
underground parts.
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Yellow Rust (Puecinh glumarum (Schm.) Erikss. and Henn) uras
very rare in the hot dry sunmer oI 1934. In normal years it appears
in June and by July is found oB most of the wheat crops, its iacidence
varying Irom slight to plentiful. In 1934, however, none was found
before July ; it was never more than slight on arry crop at Rothamsted
or Wobum ; in some plots only one affected leaf and in nany no
trace of the disease was formd.

Brown Rust (Purciriz tritiriru E;ikss.) which in most years is
slight in July, was not found at all.

Mildew (Erysiphc gramitr's DC.) was much mole abundant ttran
usual. It appeared in Jure, and by July, though still slight in some
plots, was generally plentiful. An eye estimation of its incidence on
Broadbalk showed a tendency Ior the disease to increase witi the
supply oI nitrogenous marure. Differences in ttre amount of disease
noticed in the strips fallowed in dillerent years may have been due
to their position in the field, or to the effect of Iallowing. Miltlew
appeared rather more plentiful at Wobum.

Loose Smut (Ustilago Tritici (Pers.) Rostr.) was found, but
was uncornmon at Rothamsted and at Wobum.
Oers

Were grown only on Pastures
Leaf Spot (Hdmbtthos[oriuttt

incidence.

field at Rothamsted.
Aaenae Eid..\ was moderate in

Mlldew (Erysi{hc gramiris DC.\ varied from dight to plentitul
in different parts of t}re crop.

Benrry
Leaf Stripe (Helminfhosporium grambu*m Rabenh.) was scarce

and only secondary infections were found.
Net Blotch (Pjnetopbra &ras Drechsl.) was very lmcommon.

The scarcity oI these two diseases was notewortby as they have
been considerably more plmtifirl in other yeans.

Leaf Blotch (Rhynchosflorium Sccalrs (Oud. ) Davis)was not found
in 1933 or in 1934 though it has been fairlycommon in previous years.

Mildew (Erysiphz graminis DC.) lras moderate in quantity on
most of the barley crops.

Deliciercy Symptons. All plots which receive no pbospbate in the
Contiruous Barley experiment on Hoos field showed striking
slmptoms of phosphate deficiency in the middle of May. Alfected
plots were readily distinguished at a distance from the others by their
paler colour. The leaves were found to be withered at the tips with
red colouration in the lower parts of the plants. After about six weeks
ne$' young leaves had grown and the signs oI deficiency were uo
longer obvious.

Rvr
Brown Rust. (Puccbia secalina Grove) was found at Wobum

in mid-July, its incidence being slight.
Mlldew (Erysi!tu grcmitois DC.\ was moderate to plentiful at

Rotharnsted and Wobum.
GRAssEs

Black Stem Rust (P*tinit gratittis Pers.) was formd in the
autumtr on wild grasses present alr weeds amoag 16s rhanSolds on
Barnfield-
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Choke (Efuhloe tfihina (Fr.) Tul.) varied in its distribution lrom
plot to plot in much the same way as last year. It appeared, as it
usually does, mostly ot Agroslis and. to a less exteut ot DacUis
glanteloaa. There was rathe; more on the latter host than in the
previous year. The disease was most plentiful on plots which had
received a.rnmonium sulphate and were fairly acid, and was less on
those treated with lime. Agrostis was also most plentiful on these
plots. There appeared to be a slight increase compared with tle
previous season in the incidence of the disease on ttre unlimed parts
of plots 8 and 15 and on ttre lightly limed parts of plots 19 anit 20.
Eggs and larvae of the dipteron AnJhoriyia sprcla, Meig-, were, as
usual, found on the fungal stroma.
CLovER

Rot, (Sclzroti*ia Tifoliorum Erikss.) Bare patches and dead
plants were present both at Rothamsted and Woburn early in the
s€ason but the fuagus was not obvious till the autumn when severe
attacks were noted in Pastures field Rothamsted, and on Series D on
Stackyard field, Wobum. Late in the autumn it was also common
on the six-course rotation experiments at both stations.

Downy Mildew (Perotasporu Trifoliorum de Bary) rvas generally
moderate and was ptentiful on Alsike clover in the six-course rotation
and in Series D, Stackyard field, Woburn.
LUCERI\E

Downy Mildew (Perc oslo/a TriJoliorum de Bary) was found
rarely on the excellent crop on I-ansome field, Woburn.
Bnoeo Brerqs

This crop was gro\f,'n onlv at Rotharnsted on Great Harpenden,
I-ong Hoos and Little Hoos fields.

Chocolate Spot could not be found and Grey Mottld. (Botrytis
cizazec Pers. ) was uncommon contrasting with the previous year when
botlt these diseases were plentiful.
PoTAToES

Appeared on the whole heaithy though a little virus was seen
at Rothamsted and rather more at Wobum.

Blackleg (Bacillus phytophtharus Appel.) was found but rarely
at Wobum.

Blighl (Phyto{krhofa infestans (Mont.) de Bary) occurred on the
foliage in early October appearing to be slight at Woburn aDd moder-
ate in incidence at Rothamsted.

Early Blight (Alteruario Solani, (E and M) Sorauer, emend.
Jones and Grout) was abundant on the leaves which were still
green in earlv October both at RothaEsted and Wobum. This has
not been observed in previous years.

SUGAR BEET
BlackJeg (Phona Bctaz (O,rd.\ Frank or Pythi*m sp.) ura-s fairly

common on seedlings at Rottramsted and at Wobura in May.
Crown Gall (probably Badcrium lumefacictts E.F. Sm. and Towns.)

was well developed on a few roots at Rothamsted.
Rlst (Uroqlccs Btue pers.l Tul.) was slight to moderate on

most crop6 alrd rather plentiful in parts of I-qrg Hooe manurial
€xperiment.
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Iral Spot (Ccrcos|ora bdicola Srcc.\ appeared oa occasional
pla.nts.

Leaf Scorch aasociated wiitr Altenarh &znrs Nees was mod-
crately plentiful.
MANGoLDS

Blac&eg lPhonu Betac (Ottd.l Fratk or Pythium sp.) was found
occasiona.lly on seedlings in Bamfield in May.

R:ust (IJrcmyces Betae (Pers.l Tul.) varied from slight to fairly
plentiful in different plots.' 

Downy Mi'ldew (Peronoslora Schachtii Fuck.) was found on one
or two plants on Long Hoos.

Ie$Spot (C erco s por a beticol aSacc.) appeared on occasional plants.
Leaf Scorch associated with Altcrnaria lenur's Nees varied fron

absent to moderate on diflerent plots in Barniield.
Mosaic was very scarce, only about fifteen affected plants being

found in the whole {ietd of 8 acres. This alforded a great contrait
to the previous season when t}le percentage of diseased plants
varied from 3 to 70 per cent. in diflerent Plots, having obviously
sDread lrom crntres of infection. The difference in incidence of the
d,isease in the two seasons probably depended on weattrer conditions
which in the hot dry seasou of 1934 were unfavourable to the
development of the ins€ct vectors, the cbief agents in sFeadilg thc
disease.

Dqicieny Syrnllorns
A type oI scorch @inning with a black spottbg o{ the leavca

followed by a dark brown to black scorching of the edges was very
plentiful on certaia plots and abs€nt from others in Bamfield at
Rothamsted by October, an eye estioation indicating tlat in the
bady afiected plots more than half the plants were affected. Micro-
scopic examination showed no sigus of fungal or bacterial parasites.
A survey showed that ttle syEPtoms were most marked where potash
was de{icient and nitrogen plentiful in t}e manurial applications,
and that their distribution in different plots was consistent with thc
hypothesis that the scorch was due to potash deficieary. Notes oo its
incldence have been made in other years. There was some indicatioo
of an iuverse relationship between the incidence of rust and of this
tlpc oI scorch.

SWEDE
Club Root (Plasmodiophoa Brassicae Woron.) witl the usual

sjmptoms occured in patches varyiag ,rom moderate to plcntifirl in
the upper part of Stackyard field, Wobum. A brown dry rot,
beginning near t-he base of the bulb and spreading upwards was Iound
attlcking swedes on Lansome field in moderate quantity. No galls
were found and at first the disease was not thought to be Club root'
Microscopic exarnination, however, showed the organism (Plasmodio-
plora Brassicaz Woron.) present in healthy-lookiag flesh- This was
therefore assumed to be ihe primary a8€rt ia rotting, with wouni
parasites such zs Rhizoctatia sp-, saprophytic eelworms and boring
insects acting as secondary €ents.

Soft Rot-' (possibly BMs cordoto?*s L. R. Jones) was fom-d
in moderate luantid, on La.nsome field, Wobum, iD the early
autumn and increased corsiderably in the late autum[.
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Downy Mildew lPaorus$oa Quasitict (Pers.) Tul.) was plentiftrl
in October at Woburn. Ia Butt Furlong field where kale and swedes
rere nixed the leaves of the latter could be identified by thc
abrmdance of the disease on them while the kale was free as late as
October, tlough two months later the kale was also attacked.

Dcficiarv Disease
'Browi Heart. S,'mptoms resembliag " Brown beart " were Iormd

occasionally on Lansome Iield, Woborn.
KAI"E

Was very healthy in the early part of tbe season and showed little
or no sign of disease until the late autumn.

Downy Mildew (P.ror.os?ora parasilica (Pers.) Tul.) appeared
in the winter at Rottramsted and Wobum in moderate quantity.

Grey Mould (Botrylis ciaercaPets.) was rnoderate at Rothamsted
and slight at Wobum in the winter.

Wlrite Blister (Cystafus untidus (Pers.) de Bary) and Aap/i4ti,
Brassicat (Berk.) Bolle were found occasionally.

Bnussers Spnours
Very healthy early in the season.
Grey Mould (Botrylis chaea Pers.) $as present on &e outer

leaves a:rd a SoIt Rot (bacterial) was occasional, in the autumn, at
Rothamsted.
CABBAGE

Rirrg Spot (Mycosphaerdlabrasskicola (Fr.) Lindau) was moderatc
and, Ah*tnr'ia Brassicae (Berk.) Bolle occasional in the autumrr at
Rotha.msted.
CARiors were grown only on I-ansome field, Wobum.

Violet Root Rot (Helicobasidium Uuriuraun (Tul.) Pat.) was
found on a few roots at harvest.

Sclerotinia Eot (Sclcrotir'it sdaoliorum (I-ib.) de Bary) appeared
in the clamp in moderate quartity.

SottRot (Badll,us cardoootusL.R. Jones) appeared in the clamp,
&bout l0 Per cent. of the roots bein8 alfected to some e]rtetrt.

FARM REPORT, T934
Wcsthar

The year, October, 1933, to September, 1934, was abnormally
dry and hot, rather similar to the previous one. The rainfall
totaled 19.16 irtches, 3.32 inches below last year's figure and 9.40
inches below the 8l-year average. The biggest deficit occurred in the
last tlree months o{ 19i}i}, when only 3.49 inches were recorded
against the 8Gyear average of 8.38 inches. There was, however, one
very wet spell at the end of Febmary and early in March, which
stopped all land work for almost three weeks. The four summer
months, May to August, were dry, and gave a deficit of almost
4 inches compared with a corresponding deficit last year of almost
5 inches. In nine of the twelve months the rainfall was below the
average, aad the biggest increas€ over the average which occurred in
March, was only I inch. Frequent showers occurred in August, which
ratber interfered witi the harsest.
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The total sunshine for the year amounted to just 40 hours above
the average of 1,561 hours, but 210 hours less than 1933. The last
three months of 1933 gave a deficit of 29 hours. July was hot, and
provided 74 hours sulshine above normaJ.

The mean temperature for the year was about l"F. above the
normal of 48oF. December was very cold and dry, with severe frosts.
July gave an average temperature of 3.5"F. above normal.

The weather of 1934, atthough generally sirnilar to l9ilil, was drier
but less sumy, and the monthly fluctuations of bottr sunshine and
temperature were gTeater than in 1933.

Wealha atd Crols
The three dry months, October to December, lg3i|, enabled root-

lifting and carting, and the sowing of winter com to be carried out
under good conditions,

The continued drlr weather and frosts made the ground under
winter corn very puffy. This encouraged wireworm, but heary ring-
rolling prevented the attack from becomitg serious.

The hot and dry summer proved very suitable to the flea-beetle,
and one strip of kale in Fosters field {ailed after three sowings.
Other parts of the field became patchy, but the plants grew away
with the late rain and further applications of sulphate of ammonia.
Where the plant was thin the individual kale plants attained greater
size, so that all the ground was covered.

The year was very favourable Ior charlock, and much oI it had to
be hand pulled. No infestation was suficient to warrant the plough-
ing up oI any crop.

In Long Hoos the seeds experiment failed, and a similar erperi-
ment was laid down uader oats in Pastures field, Here a heaw
seeding was given and the ptots have taken well.

This year harvest operations began on July 30th, but considerable
intcrruption was caused by the showers. All corn was stooked alter
cutting, and was carted later in good condition. A little of the wheat
was threshed out early and sold for seed.

Cl.assical EQerimc s

Broadbalk was sowrr on October l7th, section IV being Iallowed.
The section fallowed in 1933 showed up distinctly il spring as a
greener and more luxuriant growth. At harvest only a few oI the
heavier plots were laid, and Iittle damage was done. The stubble was
cleaner than it has been for several years. Poppies lvere dmost
entirely absent and slender toxtail (Alnfe+ur*s 4gresris) was not
nearly so prevalent as usual.

Hoosfield barley plots were so\ n this year after the fallow in 1933.
Sowing took place rather late, as a result of the heavy rainlall early
in March. The narrow six-inch spacing was reverted to and only the
one variety-Plurnage Archer-was sown. The individual plots did
not show up so distinctly as in previous years, as the effect of Iallow-
ing was to even out the plot differences. The only two strips which
were noticeable were those without superphosphate. On these plots
t-he leaf tips tumed brown early in the year but the plant recov€red
trater; ttrese plots came into ear about ten days later tlan the other
plots. The stubble quickly became green after harvest, ard a surface
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ploughing was done to bury these weeds and to encourage otbers to
terminate. The surface wls periodically worked unti.l"the winter
ploughing, when the germinated weeds were buried.

Bamfield was ploughed up by November l7th, and so receiyed the
benefit of tle Decernber frosts. The wet speU early in March made it
impossiblg to work the land, and the tilfli at sowing tirne rras ratier
coarse. Germination was poor except on the duneed Dlots, and
damage was done by the Pi6my MangoldBeetle (AtorraiA Uftea/is\.
Gror,rth was slow dudng the early summer, but the roots prew awav
well later and the average yield for the whole field was ov'er 20 toni
per acre, The field is now badtv i_nfested with couch srass (Aqo-
fyrtum rcfeas\ - The heaviness of the soil and the small d.ioa oi ii-"
available for cultivathg the land belore sowing in spring, makes it
dificult to keep the weed in check.

In Agdell-the seeds undersoun in the barley failed, and the field
was -ploughed up and sown with spring bean3. The central strip,
which receives mineral manures only to the root crop, had the beit
pl.a$. 1t, middle and lo\Mer stripJ (M and O) were bad.ly infested
with coltsfoot.

?ark Grass plots were given a more severe harrowing than usual,
early in the yqar, and the plots were rolled after the a-pplication of
the manures. The hay was made in good condition. Onlv verv few of
the plots made suflicient groMh fori second cut, but thi moiver was
run over all plots to remove what growth there was, so that the spring
growth would not be retarded. -

The ha.lf-acre wheat after fallow irl Hoosfield was attacked bv
both wireworm and wheat bulb fly (HyLemia coarclata\. The resultini,
plant was rather thin, but ali thl futiuad *as cor,"r&.

The exhaustion land in Hoosfield was sown w.ith barlev after last
year's fallow, and yielded 22 cwt. per acre. The old manuiial strios
last manured in lg0l, could easilybe detected.

M od,etn Long-T erm E xlerimcds
Four-course. T!e- potato series looked very backward through-

out the season, although there was no severe attack of inv
disease. The slight attack of blight, however, was not suficient t"o
account for the poor appearanc€ of the crop, and the stock oI seed
was the same as was used in the other ex-periments. The average
yield of 3l tons per acre was considerabf less than in previois
years, but a.ll the tubers were perfectlv healthv and keot weli-

The plot in the seeds break whicd had thi straw dpplied on the
surface, yielded very badly agai-n this year. In future, tb avoid this
killing of.ttre plani by tle itraw, ali organic manures are to be
ploughed in after harvesting the barley ani pure rye grass will tien
be sown.

Six-course. The clover break failed for the third successiveyear, in spite of the heavy s€€ding. A fair plant was
present during the winter monthj, but thisiisappeared irithe spring.
There was no severe attack of didse. Sct4toiirr;" triloliorti wis
Pres€nt in sall amount, but not suficient to cause mfopbte failure
of the clover.- It is proposed to sow a strip of iaoculatth seed. next
year onan adjoining piece of land to see if riis, inproves the ., take ,,
of the dover.
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The forage mixtue contained very few hans or vetches, as
thev were cr-owded out by the rapidly &'owing rye. Since ttre start
of ihe rotation the mixture has been predominantly rye, and this
vear it was decided to treat it as a rye crop and harvest tbe matue
i,rai". fn future rye alone will be sown, and harvested as a Srain
crop.'Three{oursc (Sbut aul Grcen Matwel. The only- noteworthy
feature was ttre sugar beet plots foLlowing rye ploughed-in. The beet
on these plots were much less forward and the leaves were more
yellowed than those following either of the other two green manure
Lroos. The mean vield on these plots was also lower.

'Tfuee-Course (CuJt tcliaz). TLe wheat stubble became very weedy
after harvest, and both the rbtary and tine cultivation done for man-
golds in spring left the weeds on the surface, and they sooD took root
;gain. O; these cuitivated plots it was dificult to pick out t5e rows of
m]argolds, long after those'on the ploughed plots were showing well.
The 

-predominant weed was Slender Foxtai-l (Aln?ec1atws o{aslis) 
'

and tie whole area had to be carefu.llv hand-hoed as soon as the rows
could be picked out. In the wet spring the weeds rapidly cov-ered the
eround aird smothered the plants before the rows showed suficiently
ivell to enable hoeing to be done. The mean yield of all the plots this
year was almost 36 tons Per acre.

Annul Erlerimeds

Stgar beet. Kleinwanzleben E seed was us€d for the annual
experiinents this vear. The varietv Kiihn previously used was re-
tained in the rotaiions to maintain continuity. Although Kiitrn was
sown and singled before Kleinwanzleben E, the latter made
much more vigorous growth arld gave better yields. All 

- 
r-oots

erew well after- a rather late and slow start, and the mean yield o{
ihe two experiments was 14 and l5 tons oI washed beet per acre with
susar Dercentages of 17 and 18.

" Poiaort. Tie variety Ally was again sown this year. The crop
srew weLI throushout tire viar and was almost entirely free from
Eisease. Severaiof the ploi yields reached 13 tons Per acre, with a
verv low oroportion of seed and cbats.

'Br,ussel sbrouts. The plants were not set out until Jr:ne 8th, as

we had to wiit for rain. Hand watering had to be resorted to, to give
them a start, but tbey grew away well and yielded three piclqngs,
the first on October 2iti. The qJality of the sprouts was excellent,
and the vield of 90 cv"t. per acre was much above last year's figure.

Wh€;t. Tlne exgenstent to determine the e{fect oI top clressings of
sulohate of amm?rt ia applied at dif{erent tines throughout the
groiMine p€riod, gave no- iignilicant result. The meau yield of all
f,tot ,"".i i"ing ,iit.ogen wis 37 crd. per acre, those urmanured
vieldins 35 cwt, Der acre.' Beirs- This |ear, for the first tirne, a manurial experinrent on
beans was included in the experimental Programme. The autrrma
sowins was destroved bv birdi and the plots were resown early in
Febru"arv. The only sig;ificant responses were to the two levels of
dung. fhe mean yield of tbe higher dung level (15 tons per acre) was
just over 20 cwt. Per acre.
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Cto!y'itrg, t93*34
It was the turn of Fosters field to be duneed for kale this vear.

HalI the field was dressed in autumn , I m, ;3 iht;t i" th" f.'U;-
ing spring. The field was drilled in strips from the north. The first
sown strip was destroyed by the flea-beetle three times. Before the
second and third sowings the seeds were soa-ked in turoentine and
parafrn rags were dragged across the crop. This strio wai eventuallv
so-wn bro_adcast with rape and wiater green tumipj and a fair yieli
of green food was provided.

In -previous years part of the field to be cropped with kale was
sown in the autumn with rye, to Drovide kee6 for the ewes and
lambs in April. This was foliled off-and the kali sown. In l9B2 the
kale-fo-llowing the rye was much poorer than the rest of the field, and
in l93ll the correslnnding area was more severelv attacked bv the
Ilea-beetle. The probable explanation of this is th;t the tilth fo; kale
after folded rye_ is_much coarser than on the uncropped area; hence
the plants took lonter to germinate and subseiirent sro&th was
slower. The same difficulty in providing a sujtable-tilth after
folding is experienced for birley aiter foldjd kale.

Pastures field \4'as sown with our own seed of Marvellous sorine
oats in mid-February. Drilling took place in both directions.' ThE
crop made good progress at the start but later became badlv infected
with oat eelworm (Het<rodera scha tii). The plant became"thin, and
certain areas were almost completely destrovid. The soarsitv o{ the
plant-enabled knot grass (Polygonuin auicularc) to gai; a firin hold,
and this smothered out most of the undersown se;ds on the north
side. The oats vere thicker on the south sid.e of the field, and the
experimental strips o[ seeds mixtures made sood srow"th. Cartine of
the oats had to be delayed until the weeds'in th"e sheaf butts riere
witbered. Alter the field was cleared the stubble was broken up, the
weeds harrowed and horse-raked together and bumt. The norti'side
of the (ield-was dunged in the auti.mn ready for kale in 1g35.

,No 
satisfactory control measure against thL eelworm is vet known,

and at present the only way to prevent a recurrence of the ittack is to
grve the lreld a lont rotation to ensure that oats are not sown aeain
for at least eigbt years. A small experimental area of oats wiI be
sou,m next year to test the effect of various soil fumigants on the
eelworms

Harpenden field was sown with \Minter beans. but rooks. eame-
and frost did considerable darnage to the crop. Most of the fi"tE *r{
redrilled in spring, but again severe da.mage was done bv birds and
the- plant-became thin. Much hand and ho-rse-boeing haci to be dore
to keep the field reasonably clean and about t\a,o a"cres of neaOana
were ploughed up. Spring beans were also drilled on the site oI the
l93i| brussel sprouts crop, so that the whole field was under the same
crop. 

- 
The final yield was 13 cwt. 1xr acre. Ewes were nur over the

stubble after harvest, and the field was then thoroushlv cultivatJ
and ploughed up for wbeat. The tractor thisflebar w:as"used on ihe
field before sowing wheat to ki.ll any self-sown beans.

Litfle Hoos w.Ls sown with Viitor wheat following beans, and
yielded an excellent crop oI32 cwt. per acre. The onlv ianure siven
was a top dressing of I cwt. of sulphate of ammonia ftr ."re, aid in
spite of the heavy crop no lodging took place.

I.
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Tbe l* acres of Victor wheat in Pennell's piece was very badly
laid ancl ciimaged by sparrows. Most of the crop had to be cut with
the mower and carted loose.

Great Knott was sowtr witll barley following kale. The west side
oI the field was folded and the rest cut and carted. Ewes were run
over ttre cut stalks to clean up the stems arrd fallen leaves. The field
was ploughed in Marcb, but considerable difficulty wa-s experienced
in g6ttinE a suitable tilth. No manure was applied, and the crop
vielded 25 c$t. Der acre.' Long Hoos ias set aside for t}e annual experiments which are
described elsewlrere. The site of the seeds exPeriment which failed
was sown with linseed in mid-May. The dqr weather made germioa-
tion very slow and three distinct germinations took place, each alter
a slight-shower of rain. The crop consequently ripened unwenly,
and;hen it was cut mary oI the bolls were qdte $een. The yield
was 9| cwt. per acre.

In-May, 1934, a further seven acres of arable land, now called
Harwood'l oiece was taken over. The Iield had not been under
cultivation fbr over two years and was covered with couch grass and
docks. Cleaning operations were done throughout the summer, but
it will be some tima before the iield is really clean. It will be cropped
with kale next year, so that horse-hoeing can be done throughout
the suruner.
Gtqsslafll

The grass made fair progress in the spring, and although the
Dasturesbecame very bare later in the summer they did not appear
io scorched as in the previous year. A further 59 acres of old grassland
were taken over in the early summer, and although the quality was
poor and growth was slow, the field_provide!_very valuable keep at
i time whin other pastures were nearly bare. Next yearmanurial trial
strips will be laid dbwn to determine t}re best way to improve the field.
Stoie cattle witl be outwintered there during the coming winter.

The fields which carried sheep through the winter were shut for
hav earlv in the vear. ln spite of the drought the hay made fair
er6wth a;d final i-ietds were satisfactory. Tfie failure of last year's
f,ay crop resulted'in our stock of hay being aLnost sPent afler the
winter fieding, and it became necessary to buy in two stacks of cheap
hav for the outwilterins cattle.

'The erassland has b6en overstocked for the last few years, and
durine tie grazing season the lields quickly became bare and stale as

thev iere rirely rested. Hay crops were also Poor, as the fields were

erazed quite laie in the spring before being shut. At present the grass

is carryiig about one ewe Ixr acre, and this Iigure we shall be able to
maintain.

No real cultivation other tban toPPing in summer has been given
to the grassland lor several years. This year the fields were harrowed
in soriie and topoed in srunmer. Moss has made an appearance in
."riv oi th" fietdi, and a severe annual harrowing wiU be done in
futuie to keep this in check'
Ltuxtnch

I/ozsas. Two four-vear-old Suffolk geldings were purchased
orivatelv in summer. an? one old horse has been sold. The increase

in the irumber of horses to six is necess:rry to keeP Pace with
the expansion oI the exPerimental Programme.
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Prgs. The satisfactory results of the first Dis exDeriment- the
account of which appeared ir the last Report, t& ui to conduct aturther- e-xperiment this year. The experiment was desiR-ned to
obt_am mtormation on the effects of dilferent levels of nutriti6n. The
highest level was ad, lib. feeding, wbictr *". 

"orop.r"d 
*lin tfr.*

Ior,ve_r levels. The lowest level proved to be too Iow, but a comDarisonol the other three levels showed no significant 
".ono*v iin {*d

consmption of any one level over any otf,er, althougb ad lib. f.eding
teecrng tended to be more wasteful of food during the latter stases.
So with equal lood uti[sation, ad lib. Ieedtnp *8rlcl 

"ir"-ifr" 
-&"i

results, as pigs on this level would reach selliig weight-earlier, thus
8r!'rng more rapld capital tumover.
. During the first;ontract period (November-March, l9B4). 123
bacon prgs were delivered to the bacon lactory from the two ia.rms,
i*.$Lpiq .during tbe second contract p.iioa 1ap.if-O".".G,1934). The following table gives the perceniag" $iai"g returns foi
the two tarms separately.

GRADING RETI'RNS

Totar llst con*ac')

pigs de- crade crade cradelivered. A. B. C.
Grade Grade Ut
D. E. Araded.

Rothemsted S0
lvobum .. Z3

14 56 21
48 20

lt
!3.

6

I5
2l

2nd Cont a.tRothamsted 168 24 42 l7Wobum .. 172 t7 tZ t7t Due to pigs beiaS delivered stighfly undet weight.

The Rothamsted figures include the pigs from the two exDeri_
ments, a large proportion of which gradeddand D.

?u1"g "l 
early hot spell in MIay we had an attack oI swine

ery$pelas and several deaths occurred among the fattening oiss, Allthe pigs on the farm were inoculated .nd""; i"rln;;;"o,;;i;;;
experienced.

Several weakly litters of pigs were produced durine the vear. and
as thrs_was llgWht t" be due to the igeing of the b6ar uid. i new
yountl-a-rge White boar was bought. I'Iie ndw boar is giving gobd and
large litters.

All seed, chat and rejected potatoes were fed raw to the sows
outsrde during- the winter and they appeared to relish them. The
general condition of the sows on ircirij brought in to farrow was
improved as a result of this extra teeding a;'d no h;f,rl ;;;;
were apparent.

. Atl,fattening pigs are now given dry meal at the commencement
or eaclr leed and water is added after about ten minutes. This
method of feeding has improved the belly rn"*r."or"ni" oi t""o"
prgs, and rt prevents the pigs overloading tlreir stomachs with cold
water.

Caft14

{he P9licy during the year has been to reduce the numbers ofcattle, lhe cows, which were used to rear calves intensively, were

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-66 pp 67

84

sold dudng the year as they calved. Six Shorthom heifers from a
well-knowu herd were bulled to calve in tle early Spring ol 1935.
WitI their calves they wil be kePt outside during the summer with-
out supplementarjr feeding, and the calves will be weaned into
covered yards irt the autumn.

The fattening cattle were not hurried on during the surnmer as
we wanted them to qualify for the Palment from the Cattle Frmd.
The price of beef, however, has fallen so low that it more than
counter-balances ttte pal.ment from the ftmd.

SheeP. The work started in l93l has conthued along previous
tines. The best of our Half-bred ewes were again mated with a
Scotch Half-bred tup tlis year to produce ewe lambs for breeding,
We now have € of these lambs bom in 1932,30 born in 1933 and
l8 born in 1934. Up to the present it has been impossible to make any
direct comDarison with Scotch Half-bred ewes as both farms were
stocked to;apacity. This year, however, with the culling of several
old ewes it has bein possible to buy in 50 Scotch gimmers. Of these
35 are at Woburn togettrer with 16 Rotlamsted bred Simmers, while
l5 ol each breeding are at Rothamsted. Two direct comparisons
ryill now be made under slightly differing conditions oI management.

The 4 teated ewes were atain Put to a tuP Possessing 4 teats.
Although most of the ewes milk in all four teats after lambhg we
have, ai yet, found no indication that their lambs mal<e use of the
extra teais as no superiority in $'eight is shown at 6 or 18 weeks, over
those lambs from normal 2-teated ewes. Unlortunately this 1'ear'
orving to scarcity of triplets it was not possible to get any of these

ewes to rear three lambs.
The attempt to breed from erve lambs was continued. 49 were

Dut to the tui in 1932, 60 in 1933, and 38 in f934. Of these only
i3. zg and 25iambed. It remains to be seen whether the ewes which
Iamb as hogss wilt make better mothers than the others.

Exoeririints to determine the best methods of flushing ewes are
beins i:ontinued. The results of the first t\i'o years have shot'n no
sioniiicant increase in the number of lambs from the flushing treat-
m"ents. A further experiment was started in 1934 with more in-
t""iG t.e"tme"t" thin previously, and a shorter time elapsed before

tuming in the tuPS.' 
i$Yentv-eieht bf the Rothamsted flock were mated for lambirg

;n lanuari th"is vear, to cater for the early market; 4l lambs were-ul$ 
ana i"a."d." The main lambing commenced early in March and

the final fisures srve a lambing percentage of iust under 150. There

was a mar[ed scarcity of triPlets, or y two behg born throughout
the lambins. This occurred on other farms and was attributed by the
sheoherds io the bare and scorched condition of the pastues at
i"";ins time. About 50 otd erves were culled from the flock during
thi'suirmer, the best of which were sold in [amb'

Electrical Inaestigatiotts. An account oI this work is giver
separately on P. 69.

Estula Worh-- Sit 
"" 

tt 
" 

purchase of the Estate the farm has undertaken gost

"r tfr" &tra riort entailed. The new boundary fence in High Field
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has. been creosoted, Barnfield lnnd has been cleaned and fenced in
and many of the gates and fences have been repaired.

Buillittgs
- There have been no structural alterations durine the vear other

than new windows to +e experimental plg p.n". A ;h;;'6; ;;;;
prggery m phce ot the converted army huts at pres€nt in use, isunder consideration.

Stccesses d Slputs

- - -A detailed list of awards secured at national and local shows in
1933 and 1934 is given on p. ?1.

Imltema s

. We now have at our two farms a large collection of modern farmimplements which bave either been prixnted o, fo.n"d to-* Wmany of rhe leading implement manuiacturers. Tb;rl;;'; ;;ol grea,t lntelgsl to the many parties of practical laimers who visitus, ano detarted lnlormation concerning the qualitv of their workand their suitability to our land is Sivei when'ieq;ra. 't-rii 
r11ili

yh:, l"ye hetpe_d-us to make this collection and to whom we arernoeotm are as louows :

Allen & Simmonds, Ltd.
J. Allen & Sons.
BamIords, Ltd.
E. H. Bentau & co., Ltd.
Blackstone & Co., Ltd.
Cooch & Sons.
Cooper, McDougaU & Robertson,

Ltd.
Cooper, Pegler & Co., Ltd.
The Cooper-Stewart Engineering

The Dawewave Wheel Co.
Dur op Rubber Co., Ltd.
Ford Motor Co., Ltd.

otor hoe.
Motor scvthe.
Hay maihinery.
Cake breaker. 

-

Swattre turner.
Potato sorter.
Sheep dipper,

Spraying machinery.

Sheep shearing machine.
Tractor wheels.
Eubber wheels, paving bric&s.
lractor.

R. G. Garvie & Sons. Grass seed broadcaster.
General Electric Co. Electric motors.
Harison,_McGregor & Co., Ltd. Root pu.lper, manure distributor.
J. & F. Howard;Ltd. ploueLs,'poiato Opse. 

-----'-.'
Intemational Harvester Co., Ltd. Tract'or, dr l, -"n?" di"tributor.
A. Jack & Sons, Ltd. Root drill and hoe.
R.-A. Iister. & _Co., Ltd. O engrne, Sheep shearing machine
Miller Wheels, Ltd. Tractdr wiieels.'
G. Monro, Ltd. Simar rototiller and motor hoe.
Parmiter & Sons, Ltd. Rake & hanows.
Ransomes, Sims & Jefferies, Ltd- ploughs, cultivators, drills, grass

Ruston, Hornsby, Ltd. c-ifllYil,"i';la*.
Tran-sp.lanters, Ltd. Robot planter.
J. Yv4lace & Sons, Ltd. Manurci sower, potato Dlanter.
J. Witder. pitch-pole ha#ows- '
W. A. Wood & Co., Ltd. Mower, spring tine harows.
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METEOROLOGICAL OBSERVATIONS
Meteorological observations have been systematically made at

Rothamsted Ior many years; these records are being used in the
Statisticat Department in interpreting crop records. The Station has
cG.operated in the Agricultural Meteorological Scheme since its
inauguration by the Ministry oI Agricultue in 1926, and possesses all
the equipment required of a CropWeather Station.

The following observations under this scheme are taken daily, at
I a.m. G.M.T. :

Temberalures-maximum and minimum in screen, minimum
on grasd,4 inches and 8 inches under bare soil, dry and wet bulb
in screen i Roinfall---+incll gatge; S*nshine-4uration by
Campbell-Stokes iecorder ; W eathzr-Beautorl letters ; Wind-
direclion and force ; Visibility ; Sbta of Grourd.

These, together witl notes and observations of crop growth, are
used in draGng up the weekly statement {or the purPose oI the
Crop Weather Report of the Ministry of Agriculture.

The above observations are supplemented by the Iollowing
records, for the use of the Meteorological Office :

Buometel and attached Thermometer ; Solar marimum;
Temperafure-I loot under bare soil; Clocd-amouat, Jorm, and
direition ; Sunshine-hovly values of duration' With the
exception of the last, all these observations are also taken at
9 a.m. G.M.T.

The ioltowins additional obsen-ations are also made, to maintain
the continuity oj the Rothamsted meteorological records:

Ternberalure undet srass at 4 inches, 8 inches, and I foot,
taken ai g a.m. G.}t.T]; lTird--iirection and force at 3 P.m.
and I p.m., G.I\I.T., taken from chart of- recordin-g- anemo-
biagrapir; RainJall-*inch gauge taken at I a.m. G.M.T.

Radiatiat-A Callendar Radiation Recorder (on loan from
the Imoerial Colleee of Science) gives a continuous record of the
radiant'energy fatt"ing on a reieit er situated on the roof of the
laboratorv. fhe recoids are compared with those Ior South Ken-
sin6on, ind are also used in plant physiological studies in the
Station.

Rainfall and Drcinase.---The rain falling on one-thousandth
of an aire is collected in-tle big Sauge erected by Lawes i.u l87l'
Samples of the water are analysd in order to ascertaiu its nutrient
value.

Three drain gauges, each of one-ttrousandth of an acre in area,
orioinallv instalied tv I-awes in 1870, and fitted with contiauous
.dia".i in 1926. ei';e the draiuage tbough 20 incbes, 40 inches,

and 60 inches of uircropped and undisturbed soil' A continuousty
recording Ginch rain giu'e is used in conjunction with these'

Flaborutiott--The amount of water that evaPorates iD 24 hours

from a'porous porcelain candle dipping irto a bottle of-water is

-o.*eil dailv bv the loss in weigbt. This measur€rnent has b€en

f""ra t" g;" "good general in&cation of the " drying power "
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oI the atmosphere during rainless periods which, being controlled
by wind, radiation, and humidity, is difficult to compute from
standard data.

Atmosllwie Pol.httiol.-A. gauge for measuring ttre amount oI
solid matter deposited from the atmosphere has been in use for
some years in connection with the scheme of observations arranged
by the Atmospheric Pollution Research Committee of the Depart-
ment of Scientific and Industrial Research. In February, 1933, a
gaugg for measuring atmospheric sulphur dioxide was also s€t up.
The deposits of solid matter Irom the atmosphere at Rothamsted are
among the lowest in the country; for the year ending March, 1934,
they amounted to only 303 lb. per acre. No ot"her station obtained a
lower figure for the year.
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MEAN TEMPET^TURE (oF).

+

I

++1
I

ortllll
(v.}\r)NJ

tttltr

z
P

-l
E!

lr

n9
o

zo-

7

rl
r
3_

tt
:.

=-:

t_
Y

F
a
.ll:

tll rtt
:tto+++85ts868

Stnsme (Houns).

+
6

-_-----_:_\

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

