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This is ooe of three papers read to the Industrial and Agricultural Sectiol
o{ the Roval Statisticai Societv, with discussion. The first paPer, by Dr.
lrwiD, de;:ribes crihcalty the'omcial methods of croP estimation in the
United Kinpdom, tbe UEited States and India aDd outliDes the early work oI
the croD-we-ather srheme of the AFricultural lleteorological Committee. In
the secdDd paper, by 1Ir. Cochran, tle use in crop forecasting of the colrelation
of vields witli w€a[her Iactors and with previous measurements on the croP
is iiscussed. A prediction Iormula is Presentd for wbeat based oD the
results of the l{haat samPling observations utrder the crop weatber scbeme.
This lormula is as vet u;satiafactory in lorecasting variations jn yield from
rear to vear. but mav be improved by the inclusioD of weatber effects sheD
iurficieni aata becorie avaiiable. Io general however, much res€arcb is

strll needed on the possibility o{ crop forecastin8 by tht5 method.
The ertimation oi crop yiilds at h;rvest by taking small samples Irom a

number of fields is considered and tbe results obtained from an exteDsioD
to commercial crops of the *heat samPling scbeme are Presented. The chief
dificulties herc aplpear to lie in the selection o[ 6elds to be sampled and in a
Dositive bia-s wbici persists in the sampling yields a-s compared \f,ith tbe
iaruested vields oI wiole fields. The usa o( a fixed panel of lorms for each
croD is rec6Emended as the most practicable method of o!8atrlslDt the work.

it e thira pap.r, by Dr. Wishart, sums uP several Poiols iD tbe first two
papers aDd de-sciibes the system oJ croP estimatiotr ia China.

THE SOIL
(Depaitmerts oI Chemistry, FermeDtatiotr, atrd Physics)

(a) CuLtrvAatoN

xrx. E. W. RussErL alrd B. A. KEEN. " Sludies itt Soil Cultiaatiott.
VII. Ttu Elfcct of Cultivation (m CroP yhd." Joumal oI
Agricultural Scietrce, 1938, Vol. XXVIII, pP. 212-254.

The vields of wheat, barley and manSolds were trot appreciably affected
wheiher'the seed beds were piePared by Ploughing alld harrowi-ng, by using
the grubber {or cultivator) and harrowing, or by usiog the Rototiller, Pro'

"iaee 
tut tle a.rubber a.Dd Rototiller *'ere used Ior oDe,'ear oaly. lf used

Ioi several vears-in succession deterioratiotr of yield sometimes s€ts iD, Possibly
due to the-increased weediness oI the troo_PlouShed Plots.

There was no advantage io ploughing deePer thal! 4 in. but it is advaB_
taceous to use the arubber or Rototiuer deeper.

" For spriag-sowi crops, cross'PlouShiog, subsoiling, ot beavy louitrg of
the seed'bed-were without effect otr the yield

SDritrs rolline aDd harrowiBg improved ttre yield of winbr wheat but had
little'ell;t otr t6e vield of straw. Ro[iDg alone produced a sliShtly increased
yield of grain. Tie straw yield was increased by rolliog but dePress€d by
harroq,ioe.

Thed *as strong evidence that itrteGive hoeitrg of sugar'beet or kale
is detrimeDtal to tha yield Two to tb.r€€ hoeiogs aPFar to be amPle'

xx. E. W. RussELL and N. P. trlElrr^. " Stadies in Soil Culliva'ion'
VIII. Thc Infludler ol thc Sced Bed ott C'oP Gto nh" Jonrnal
of AgricultuBi Science, 1938, vol. XXVlIl, PP. 272-2ga'

Crops germinate laster olr the looset s€ed M- pEpared by a- Rototill-er
than oi t[e more compact one.s prcpared by a PlouSh or a 8-rubber' Tbe
i"i"i r"mber ot otaats tiat eermirate is, however. the sarne for all treatmeots

"Jo" tt" Una is too foul with weeds, whetr hiSher germination is obtahed
otr the clea[er Plots-- i.i" l. t""d to riD€n a little sooner otr land that has be€n Plouthed tha[
oo latrd that has beei either rototilled or grubM'

The roots of maoRolds were loogest aod thintrest oD the deep_PlouShed
.r.t" -a *.re alwavi souatter oa tle shallow-tilled thatr on the deeP-tined
ii.t fn .*r" *6te t'ear.iest oa the deep-ploughed Plots and lightast otr
il;-;"iilled Dlots. Otr the rototilled and the gmbbed Plols the depth oI
iiu."" l"a n<i effect. The platrts oD the shaltow'8rubH Plots- seemed,
r'^-Iwer to have no reserve of streagth, for they could Dot mate b€tter

fio*tl ii gir";."'u room, uhile tlose 
-oo the deeP'gtubbed Plots could make
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TT: ]:: "od 
those on tbe ploughed or rototiUed ptots appreciable use ofextra space,

\\'eeds tend to accumulate oD the rototilled ald tbe q.rubbed Dlots sioce
D_either grubbers ,1or rota4 cultivators carrying tiles mor:ited ou.'t,.;r.rt"i
shaft can bury weeds atrd weed seeds in th; u,ay tbat the ploueh can. lf the
land rs-fauiy clean and io good heart tbis probably does noi ma"tter lor several
years, but jt prevents either implemetrt fro_m com;letely disDlaciosih; ;b;;

A.subsidEry result ttrat emerged from these-expeiiments is ihat iI a tiincrop rs gtveD a DrtrogeDous top dressing, tte fertiliser may beDefit the sreeds
more thaD the crop.

(b) pnysrcAL pRopERTrEs

xxr. R. K. SCHoFTELD and J. \'. BorELHo DA CosT^. .. Tfu fl.asurc_
n?nt oI pF ;n Soil ry Frc?ring poin!.,, lourr|al o( Acricuttural
:icjence, 1938, \ot. XX\-III, in the pressl

_ Two pro(edures are described lor ascertainiDg the rclatioDship between the
Ir. eeziDt poirt aDd moisture content oI a soit. " As ttre proc"!"ioi fi..rtn-i
dries the soil sample, it is trecessary to estimate how .uif, *"tui-fr^ U.i
IrozeD out o{t}e soil at the momeDt wheD the freeziog temperature is recorJJ.

- ODe- procedure embodies all $e precautiotrs "whi.L 
"D;;- 

-J;;;i;
when the Sreatest accuracy is requirea. The otner is simoiJ'ana ra-"ia 

^i.riyet accurate eDough for routine estimation oI the wilting'coemciend.

xxu J. \_. BorELBo DA Cosr^- ..,,, Cr;li@t Suft?e ot Inozsri?dr;d\
on the 'Wilting Cocfrti"lt , o/ Soirs., loumat irt e*i.irit"J
:icience, 1938. Vol. XXVjII, in the press-.

.. Th€ experiments..oJ Brjggr aDd Shantz led them to coDclude that tbe
-.wllrlng co€rDcreDr rs a sort ..cotrstaDt', wbjch is (a) indepeDdent of thekiDd. of .ptatrt used as isdicator ; (r) iDdepeDdeot .i ih; 6a;;;" ;;;;I,Drctr tne ptant l\.as growo and (.) direcfly related to several other soil

. Subsequent researcb as well as aa examination of their own results has
shown -that (r) is unttue, white (a) atrd tO) are suUsiiniiativ ;;;; l;;trygropbltes atrd mesopbl4es. Earlier l[,riteIs bave beeD led t-o *,rone con_
clusious regardroS (a) aDd (6) throusb assurniag (.) to be c;rr;i.;;l;?;;
drsregatdrDg the particular nature oI .. perrDaDeDt wiltiDg,, as defined ByBriSgs aEd Shantz.

The Jact that considerable variation is to be iourrd between the osDoticpressule iD differeDt plaDts, itr diffetetrt parts of tbe same Dlaot 
"ral. 

iil.gr,re,part uader dillerent conditioDs, is ;ot at \,?riaDce witir conclusions (aj
a-Dd (r) whetr properly uDderstood.

An importa-ot Iactor makint Ior tbe substatrtial coDstaDcv of the ,. wiltins
coettrcrent " ,or a giveE soil is the extrefie steepness of the curve connecti_ni
suction .pressure and soil moisture content, in coisequence of wbi"h diii;;;;:oI suction prcssure of unquestioDable sigailicanci from th. ;taDd;;i;;-;;
prant plysrology give rise to dilferences iD soil Eoisture content thai are toosnall to b€ detecaed.

xxrn. J. V. BorELHo DA Cosr^. ,, Thc lndirett Drtzrmifiat;d oI th,' WiUing Co.frdent'by the Fre.zinp pdint Method. and the Intiici)
ofthc Salts upol thc pF at that Oilicat Moisturc Co .nt.,, ioiltrrI,;loI ASricultural ScieDce, lgg8. Vol. XXVIII, io the pressi

Tte results obtaiDed itr the preliEiDarlr iDvestigation were ;Dtirelv con_
lrrmed, tbe p!' at the " wiltint coefficient,,, as m-easured bv tbe th;dified
treeang portr^t method, varyiDg IroIn 4.0 to .r.4 (round figlres), with ao
average ol 4,:1.

The variiation observed bears no relatiotr to the soil texture, neither caDit be expiained by uncertainties ia the lreezing poiDt deterilhatioDs *ti"t n""uproved to be-accuratety reproducibte. Frfoiing point -.""or"-"oG "fi"ireacnrng,- conductlvtty Eeasurehents aDd freezing point determinatioDs in
saturated_soil aDd at the Doisture equivaleut provei tiat part of the variation
)s due to the presence of soluble salls, the more salitre sold ha\.ins a hisher ',Fat the " wiltug co€6creot." Wlerr tbe salt cotrteDt does not ixced a#"1
50O p.p.m. the irfluence of the salts is hardly detectable, ancl the pF at the
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" wilting coeficietrt " lies betweell 4.0 alrd 4,3. Besides utravoidable erIors
in the wilting experiments. several other factors Eay acmunt for this
variatioD. They are all the tactors that have alry r6le in the " history " oI
the soil. Io view of tbese uacontrollable sources of error a variation oI O-3

PF uEits can be coDsidered very small.
It caD tberefore be coDfidently coDcluded that in ordinary agricultural

soils with a salt coDtent of less thatr about 5OO p.p.m. perDaoetrt wilting
occurs wbeD a critical ,F \.alue lyiag bet\eoell 4.0 aod 4.3 is reached.

This koowledge arfords a aew iDdirect ,nethod of determi.Eing the 'wiltitr8
coeficient " by fteezhg poiDt measulemeDts in soils having lesi than aboui
600 p.p.m. of soluble selts. Both procedures described in Paper XXI above,
are equally satislactory for this purpose. As tbe PF curve is practically
straight lu the neighbourhood of the " wiltiDg coe6cieot," two &eezini
poiDt measureEeDts (round about l-fC. freezing point depressioD) ar;
eDough Ior the indirect deteroitration of tie 'wiltiDg coefiicieDt."

The method is iDcobparably Iess laborious than tba dfuect determiration
by wilting experirhents and highly accurate.

xxlv. G. W. Scora BL.uR. " Com?ressiAilit'' Culocs ds a Ouaftiitatilre
Mczsur. of Soil TiUh." JourDal oI .Agricultural Scieuce, 1937,
Vol. XXVII, pp. 641-556.

A prelimiaary accouDt is givea of experimeDts on the complessibilitv
o, soils iD ,ield cooditioa, and two methods for obtaiDing comprqssibiltv
curves, one Ior tbe Iield and one ,or the laboratory. are iescribid. Th;
Iaboratory epparatus autoDatically draws a curve relatiDg delormatioD to
the square root of the load built up. Tbe tleoretic..l relalioEsbip betweeD
load and deforEatioD is discussed, ttre coEclusions reached beiDg aathis staqe
semi.quantitative. liboratory compressioD curves iDdicate th. iharacteri"U-cs
oI soils in various states of tilth, alrd the ellects oI drainage coadition, frost
actioD, etc. Such factors as size oI soil crueb, deptl o{ layer tcsted, aDd
moisture content of soil samples lor laboratory studies are coasidered.

Prelimi[ary field experim;Dts are described'iD which the elJects of sinrple
cultrvatioo processes on soil compressibility were me3surd.

xxv. G. W. ScoTr BLAIE a[d G. H. CAsnE\. Combressibilitl, Cr.mrs
as a Quanrilatiw Ycasurc oJ Soil Tilth. II." 'Joumal'ol 

-{gri-
cultural Scietrce, 1038, Vol. XXVIII, pp.387-318.

Tbe method described in an eadier paper lor measuriog the compressibility
of soils rn sl& bas tteen used to study tbe gr-adual coDsolidrtion of soil Iollowini
drgging Nitb a lork, aDd a Dew methd is described iD whicb t"be rate of floi
of leater through rubber tubes buried in the soil gives a measure of corD-
Pressron.

By meaDs oI this latter ,Dethod some measure ca[ be obtained oI the
cbaDges that take place in the soil after it bas been loaded atrd trampled.

The results of the experimeDts conJirm aDd ampli(y the earlier condlusioDs.
At presetrt it is hard to distitrguish quaatitatively the e{Iects oI moisture aEd
time ; but it appears tbat dilferetrces id moisture for the range of stress used
hardly affect the compressibility oI De{,ly dug soils, wbereas iD soils lr.hich
have rested lor some time sioce cultivitioa the coDrpressibility is mucb
itrcreased by atr incrase in moisture contelt.

xxvr. J. R. H. Courrs. 'Th, McasLremz4t of Soil Colouts." Soll
Res€arch, 1S37, Vol. v, pp. 205-307.

Four meaDs {'ere used to obtain quantitative mqrsures of the colours oI
a Sroup oJ Natal soils : (l) ttre Ostwald colour atlas ; (2) the Ridgrf,ay colour
attas; (3) the ]Iaxwell spitrniDg disc; and (4) the I-oviboDd titraometet.
The relative advantates of the dilferetrt methods are discussed. A direct
coEparisoE with the coloui atlases gave the least depetrdable results. The
Maxwell disc iD the lorm recommetrded bv the Soit Colour Committee of tle
AmericaD Soil Survey Association does Dot;Dable all soil colours to be matcbed.
The Lovibond tiDtomete! is convetrieDt, aDd Do failures to obtain a match
with it have beeD fouod. lt is sugtested tbat tbe suitability o, the tiDtoEeter
should receive further coDsideration-

'A iliEeMcc ol I D.r..Di. ooistufr coltelt corGooDds io. difi@rce of Ol ro 02
,F ooits iD lte !.istbouhood ol tle riltins @6.ie;t.'

G
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(c) AN r.Ysrs

xwrr. G. NAcELScE*tD'r. " X-Ra! Inoestigalions on Clats, Pa", IIL
Ttu Difle"cntialion ol Mices by X-Ray Pord.r Phowarhs."
Zeitschritt ftir Kristalographie, 1037, Vol. (A) XCVII, pp. 614-521.

ln usiDt the X-Iay powder method lor studlDg the miDerals in soil
fractioDs it is desirable to kDow the variability oI the powder diagrams oI
mioerals which vary iD cbemical compositioD but belong to oDe riifleral
family. Powder diagrams of eight micas oI differeDt chemical compositioo,
including two litliur! micas and sericite, are recorded. They all beloDg to
either of two types, muscovite and phlogopite-biotite. From powde.
diagrams it should be possible to recotnisc mica itr mixtures witb either
quartz or kaolin, and, iI the mica lorms half or more oI the mixture, to dis-
tiDguish beheen t}le two tFes of mica.

xxvrrr. L. A. DEAN. " l, Aflcrnllzd Fracriondlian ol lh. Soil Phos-
phorLs." lollrl,al of Agricultural Science, 1938, Vol. XXVUI,
Pp.231-241.

Soils were exkacted by sodium hydroxide aad coloriDetric Eethods
employed to estimate the ortadc aDd iDorganic phosphorus io ttre extract.
The amount of phosphorus soluble in sodium hydroxide solution is iDfluetrced
by the active so calcium and it is suggested that sodium-saturated soils
should be used when studyinS the alkali-soluble phosphonrs. ReLatively large
amounts oI orgeEic phosphorus werc found itr mo6t soils and Setrerally Iollowed
the carbon contetrts of the soils. The acid-soluble phosphorus remaitri.ng
after alkaline extr-actioD appears to be similar to apatit€s. Tbe largest
fraction oI the soil phospborus was Dot dissolv€d by tle sodium hydroxide
aDd acid extractions. This fraction l,as tlot itrIluetrced by the long-con-
titrued use oI phospbatic fertilisers at RothaEsted aad Wobum.

xxx. E. B. KrDsoli. ".Sora FatloTs I flu.ncing ,h. Cobab ConLn s
o/ Sdls." Joumal oJ the Society oI Cheoical Indushy, t938,
Vol. LVII, pp. 95-96.

EvideDce has bee! obtaiaed to show tlat ttre cotElt coDtelrt of a 1ride
variety of soils is in gene.al related to the magDesium coEteits of their parent
rocks: e.9., s€rpenthe, rich iD magtresium, gives soils with high iobalt
coatents al1d soils derived ,rom graaite have low cobalt conteats. Maaurial
trcatments Ior long periods otr the Rothamsted and Wobura coati[uous
*'heat and barley plots have negligible efrects orl the cobalt coBtents of the
soils. Soils from the Dartmoor area, oo which sheep sufier Irom " piDing "
disease, have Iow contents (3-4 p.p.m.) oI cobalt \yhereas healttry soils contaiq
I l-30 p.p.m. Thrs series ol soils ,orms aD iDteresting coDparison with soils
lrom \e$ Zealand on which bush sickness " occurs-

C. N. AcB RyA. ' D.t.rrninalion oI ,tz FurJund.hydc yieV of
Soils and oI Platt .llal$ials adnit.d uilh Soir." Biochemical
Joumal, 1937, Vol. XXXI, pp. t80Gt804.

A comparison is given of the bromiDe titration metiod of povrel &
$'hittaker and the Sravin)etiic phloroglucinol method for the estimatiol oI
the total furfuraldehyde yield oI soils and pla[t mate.ials admired with soil.
In the absence o, soil. the two methods were loulld to give concordaDt results.
ID presence of soil, however, Iow results were obt .ined 6y both methods. owiDs
to the presrDce of oxjdizint agents such as ferric atrd iranganese compound;
aDd nitmte to the soil, \r'hich appareotly oxidize a portiotr o, the furfuraldehvde
duriDg the course of distillation with 12 per c;nt, HCl. The additjon oI
stanDous chloride in reSulated aEounts rAuces the oxidizirg agents aDd
prevetrts their iDterfereEce.

It is coDcluded that ,or soils atrd plant materials mixed with soil estimatioE
oI the Iurfuraldehyde by precipitatioa with phlorosluciaol. IoUowed bv
extractioD oI the precipitate \lith boili[8 alcohol,-is preierable to the bromiDe
titratioo metiod of Powell & Whittake..

xxxt. S. G. HErsrzE- ' Readily Solubh Mangan sc of Soils and Marsh
Spot of P?as." Journal of Agficulhiral Scieace, t0j8, Vot.
XXvlII, pp. 175-186.
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Marsh Spot disee-se o, peas iE the Romtrey Marsh area is more closely
related to soil reaction ttralr to Eoil series or soil texture- lt r[?-s Dot loutrd
on any acid soil but oE most oI tie.tL.Iine ones in a rcprcsetrtative set oI
35 saDples. Most of the soils contaiEed appreciable amounts of free oxides
oI mangaDese and oI salt-soluble marg.urese. The soils with Marsb Spot
contahed less salt.soluble manSa.nese ttran the soils oD whicb peas were
healthy, but this relatiooship depeDded essetrtially on the cotrtrast tetween
acid and alkaliEe qoils. Peas grown io pot cultures in maoganese-deficietrt
soils atrd ia a satrd-bettonite mixture developed Marsh Spot. AdditioE of
maDganese sulphate increas€d tie manSanese conteDt of the seeds and con-
Eolled the disease.

Soils on which oats suffered froh Grey Speck disease and sugar beet Ironr
'Spcckted Yellow " contained little or no salt-soluble maDganese.

THE PLANT IN DISEASE: CONTROL OF DISEASE
(Departmelts oI Etrtoaology, Insecticides aDd Futrgicides aad Plaot

Pathology)
(4) INsEcrs aND TEIR CoNTRoL

xxxrr. C. B. Wrllraxi " Th. Migraliol oI Doy-fllrng Moths of thc
Gcn*t lJtaEia in Tro?ical Amz"ica." Ptc(4f,dings oI the Royal
EotomoloSical Society oJ I-ondon, 1937, Vol. XII, pp. l4l-147.

A numtler of trew records of Eiglatiou of Urania leilus and, Ura a Jdgets
is giveB, and it is showtr that the latter species is kno*'n in learly all tie clntral
Americao coutrkies IroE Mexico to Paaama, aDd also ilr Columbia, Ecuador
atrd Peru ilr western South America. There appear to be two flight seasoG,
atrd there is some evidence tnat tie flights ate more or less t the trorth io
Ma.ich aEd April aad more or less to the east or south-east i.D June to
September.

xxxrtr. K. J. Gi NT. " Sor€ R.c.nt Migralions oI th. Siker-Y. Moth."
Transactioas oI the South Eastem Udon of ScieDtific Societies,
r$7, pp. l-8.

An account is givea of the evrderrce available on the miSratioas of Pr6ia
ga ma iD lg32lo 1930. Itr lS36 therc was a rcmarkable ibmiSratioD aDd the
species was seetr as lar Dorth as the ShetlaDd Islands. Immi8raDt swarms
arrived in May ald June and extensive daeage was doDe to tbe su8ar beet
fields of NorfolL and LincolDshfue by tle resulting larvae. DuritrB August
and September migratioas oa a l,arte scale were noted to both soEth and west.

The erfect o{ wind on the flights is discussed aad also the evideDce that the
Silver-Y. moth anay sursive ttre Ehier.

xxxrv. I(. J. GR Nt. ",rz Eistt ical Study of th. Migrotion ol C-ebno
liDeata liDeata Fab. and Celetio liaeata livomica Esp. lL.pidop-lzra)." TraDsactioDs oI the Rolal Ento@ologicel Society of
Londor, 1937, vol. LXXXVI, pp. 345-357.

The distributioD and outtteaks oI the sub-species Cclcrio lincatd lirrcola
iD America ax.d Cclerio lineala tioolrlicd itr t]rc OId lvorld are described. It
is suggested that both sub-.sp€cies o.ighate in semi{es€rt areas, and this
idea is supported itr tle case of the Americatr sub-species by ttre fact that a
correlation exists between outbreaks of moths aDd a certaiD sequence of
direct IaiuIall.

The maitr occuE€nces end outbreaks of both races rn the past century are
listed, aDd it is shown that a correlatioa exists betweeE years of unusual
abundatrce aod unosual abs€nce in the two coDthents. Outbreaks tetrd to
occur siEulta[eously, atrd therefore their causes must be sought iD some
Iactor comDo[ to the two coDtueDts.

xxxv. C. B. l rLLrArs. " Th. Usc oJ LoganlhrrLs in th. Inlcrptcldion
oJ Ccnain Entomotogical Problcrns." Anrals oI Applied Biology,
1937, vol, XXIV, pp. 404-414.

It fu found that 1lrhele catches oI insects iD a light kap arc beiDg examircd
statistically more coEdsteDt results are obtai[ed iI tbe logaiitbm oI the catch
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