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SCTENTIFIC PAPERS
(pubtished tgg7, and in the press)

PLANT GROWTH, AND ACTION OF MANURES.
(DepartmeDts of Botanv. Chemistrv cereral Microbiology, plaat pathology

aod Field Experim;trts Section):

(a) PL^NT cRowrEr. E..J. Russsrr. ..Za Starion E"p?rirncnlalc d. Rothamskd : SonOrEanisation ?t Ses Reru a!s.,, fraooctioni oi tti"Se;;;6 iri;;-DatioDat Cotrgress of Tropicat and Sub-.Tropicai A&;il;, i;",
1937.

Ir. E.^J. RussELL. ,.The R?sloration af Soil F.nilite.,, S!.mDosiumChartered Surveyo$, Institutiod C"ri"*"""'of id;;id;i
!!ep!-e_rs. loumai or tle cha*ered il;"],i,*; r,iiti,Eiii, Ts:ii.Yol. XVII, pp. 470-,t86.

IIr. E. J. RusstLL- .']Prrol oa lhe Vr'orh ol thc Imb*ial Ctuntit htAgrt.ulurct Resear.h in Spptyirrg Scieic. to CioO ptoduaii i)Jdia., pubtisbed by tle lidnigei or A;tii"^ti.r"1 o.ri,i]sli. "'
Iv. D.-J. Wrrsox. " The Eslimatioh oJ Leaf Arca in Fietd Crcbs.,

Joumat of Agriculturat Science, tsiz. vj- Xxt.ii, pi. iziiaS:
. ft is showD tbat the leaf area : Iea, weigbt ratio decreases with increasitrsI€J weiSht. The retatioa b€t$.een tbe IeI" area , l;J;;i;;.;;';;,1*j::i
1"",9-!i *:r.ll fitted by a riDear res,essi"n eq,aiion.- A -"&"a'"i'it]i-"il#u)e merD teat anea per lea{ or per plant of a Iield crop by rheans of thi;,e;;s:
:,_",, I".q":.Itsd Tbe meaD.w;ishi per rear ts aet Ji"& ily1 i&" #;.fi;,ano tDe reat area:teaf weight ratio and its regression on leaf- weiqht arlieestinated on a smalt subsidiary sampte. Altern;tive -.tl"a'" "f i.tili"titiI:I_r* T-1a1 tll.yeight and eitlei th",;*;;;;l; ;," tl;;ilil';;;rea :rrea : teal werSht ratio arc sho$a to give positively biaased ;timates oImean teaf area. It is emphasized that ttre"sma'tt *.;i;, ;;-;hi"h il;L;iarea : Ieaf BeiSht ratio a;d its regressioa on l."f *eig[;-;;l;;;t"";:;;;
be a strictty random setectioD tr5m tbe wboie popui.til. 

**'*** "'^"

v. K. 
_ 

l,l/ARrNGroN . " Obsearalions on thc Ellctt of Molybdenun onPtants aith Spcciot Rchtencc to p solaniii.,.'e""1( i? e"iri#Biology, t03i, Vot, XXII', pp.4ZS-493,

. ID yiew of the simila-rity betwee! certain cltological cha[qes iDduced bvvirus 
. 
disease aDd treahr;Dt witt motyMen'um, 'fri_ -ffi";t";;it";a

€xperimeDts were carried out to determi;e furtt.i ttie etfit.oi tliJ.i"-;";oD BEl g.9*tl Sodium motybdare was used throushout
. . -roxrc sy.rnptoms were produced $ittr the larger d"ressines of molvbdate.iniury.being_sho*n at much tower coDceDtratioDs'i_u ;l;;A;;"*;i,fi;;;in.barley. _The sboots oI tonato a\d Sotan am "":ain*"^'ii^"i*^'aifriyellow, and potato tubers a reddisb l.ellow ".d. ;h# tb;';h#;;?;;;
:itl q" rytq quaDtities of molySdate. Th""; .ol;;.;I;A;;J 8il;;ro oe.due.to tie pre.ieDce o, yeuow globules of , tarqi"-b"1";bde;u;;;;:pound uhich bad tormed wit-hia the'ti*suei. Bl;;;;r;,fi;;;ii.;;
occurred.in large lumt€rs in rDolyMeaurb_treated pr.it". rn"i, ai"t iiirii.iwes coDlitred to tissues ttrat 

"oot"irua "oito"yIi[" pts.-J;t,-;1fi;l;;com?ositioD was appareDfly oI aa anthocyanin-mblvb<teiu"m natu.e. 
- _-

, r ae rormaEob oI tDes€ corrpouDds doei aot appdar to be the caus€ oI theiniury.which results ftom the skonger doses oi ;'"ii&;;;,;;;;"?#:occur rn plaDts where no such com'pouods a*-f;;;. -a;;;;i;, 
il;;;;may be preseDt to a qr.rite considera'ble extetrt iD appareofly h*llily- pl";L.
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Molvbdenum, therelorc, evideDtly Plays a Part itr ttre cytologicd atrd morPho_
logia! beha\riour of the Platrt, although its Precise functioE retnai.Ds to be

deterEi&d.

vr. W. E. BRENCELEV and D. J. WATsoN. " The Influ"n.c of Boron o't
the Second Year's Glouti of SLga, B.et AIl.tt.d aith Hearl'Ro'"
A!trals o( Applied Biology, 1937, Vol. XXIV, PP. 494-503.

Heart-rot o{ sugar beet occurrd oD experimental Plols at Rothamsted
durinA 1935, the seierity oI the attack decreasiag steadily witb Iater so\rin8,
but t"be effects of spaciog oI the rows atrd of treatment with s'rlPhate oI
ammonia wtle not sfunifi&ot. Where the number of affected platrts Pet row
was hiph. a hieher DroDortion of alfected platrts showed severe syrnptoms'

Uniliectea-susar 6:ets and others sbowiDg sliSht and severe symPtoms
of heart_rot wele traDsDlanted to saDd cultures and treated with light atrd
beavy dressings oI borii acid or with Dotre In the abseDce of boric acid the
cbarjcteristic "signs of borotr deficieocy aPlNared in the shoots, the aFices
of the stems anii tbe flo*er buds blackeDiog aDd dfnt. This occurred even
whetr no svmDtoms were Dreseat be{ore tJ aDsplaDtitrg. Iu the Preseace ot
boric acid ;ll ;lants produ;ed healthy shoots, i.ith no deficieEcy symPtoms.
Wtrere heart-r'ot w"s^ origiDaly present and the maiD axis killed, a nuaber
oI healthv. lateral shoots was Droduced.

The iroportion oI ptants f;iling to survive traasPlaDting was treatest
with thd he;w dose oi boric acid,-with which one-hall o{ the platrts died
This suggests i possible toxic actioD oI the heavy dose wbich did trot come
into DI;; if the^ Dlants were constitutiooauv abie to withstaod the iaitial
ooisoiini and "tait ao,.v iDto rro*th. The later addition of borotr did oot
improve"tbe conditioa oithe rodts of afected Plaats, as iiremediable damage
had beea dotre before transplanting.

Frcm the poitrt of vieiv oI # production, small amoutrts of boroD
compounds mjy thus enable affected r;ots to Produce healthy shoots in the
s€cond year which vill set seed.

vrr. A. NowotN6wNA {NoworNY). 'An lrwstigalion of Nilroge't
Ublahe irt Mired Crcbs not Receiuins Nitrogenous Mdnur? '

JdurDal oI ASricultural Science, 1937, vol. Xxvll, PP. 603'510'

ExperimeDts on the aitroSen uptake oI Eixed croPs not receivitrg aitro_
geoous' matrure *ere carried -out at nUawy, Polaod, aad 1t - 

Rothalns!{'
i*itn rye grass. The total yield, the triko8;D Percentate aod the total leld
oI ni*oee-n wele much incieas€d r^herr peas, clover or serradella were trown
in assocLtron, peas giviDg th6 hithest;atrd serradella the lowest, amoutrt oI
assimilated nitrogen.

With barlev, -peas were the onlv crop which produced a beDeficial effect,
red clover aDd lu_ceme having no iDiuence. This was probably due to the
Iact tbat the Deriod o{ rbost viiorous lixatioa of tritrogen by clover atrd luceme
aodule bacteiia almost coiDciaed with the period o{ dp€oina of barley, and
at this stage of 8ro*th batley was unable to utilize the a}'ailable aiif,ogetrous
compoundi. Ats6, barley maie less use thatr rye grass oI the dtrogetr provided
bw Deas srown i[ association.' hn dtensive root ioterpeDetration itr tbe clove!-rye Srass pots E'as rotd'
There u,as little o! ao root ioterPenetratioa itr the other series of exPeriEents
with barley.

vrrr. T. C^LDWELL aEd [. tr[ErxLEJoBN. " Obscmaliotts on the Oryg.'t
' U ahc oJ t solated-Pldnt Tisst ?. I Ttu Elfed of Phosq\otc !n! o!

did.d C;tbohydralr." Annals of Botany, i93?' New s,eries, vol I,
pp.177-4a4.

The oxygetr uptake of thin slices oI tomato stem tissue v'as Eeasured in
garcrolt n-:soEom_eters. and lound to be 4aitrtained at a constant rate over
a sx-hour deriod. The biShest values lor oxySen uPtake were obs€rved- io
p.*.o"" otfulzO pot"""ium"dihydrogeD phosPhiie ; nieasurements in distilled
'*.te. g.u" 

"lilltiy 
lo*ur 

"aluei, 
and sti""gei solutioas of Phosphate produced

" matfea aef'res-i"o oI oxyten uptake. Tissue frotD very yount PlaDts' rn
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the-fif-ti leat stage, showed a lower level of oxygen uptate than tissue ftom
slightly older platrts, up to the twellti IeaI siise. i lorv level o, oxveetr
uptake \l'as also obs€rved in tjssue lroEl old plaDG tbat had flowered. '_

. Tlg sm-dl oxygeD upta.ke o( tissue {rom i'ery youDg ptaDts was markedty
raised by the addition oJ glucose or fructose, Uui a'o ."citrhse was observed oi
addrnS sxga_r to tissue fiom wry old plalts. lt is concluded tbat the oxvgea
uptake is liDited in old ptaDts by ibe activity oI tbe respiratory entme
system,_ aDo tn very youDg plaDts by the amount of available respiraaory
suhsfrat.

rx. J. CTLDWELL and J- METKLEJoHN. .'Obs?rualiors ot tha Ozvsen
Uptah? ol lsolakd plant Tissue. II. The Effcct of llhibit;"s..
Annals oI Botany, l9B?, Nevr Series, Vot. I, pi. 48?:408.

Substances known to intribit eDzyme actioa u,ere added to slices ot tomato
stem-tissue, and tbeL efrect oD the dxygen uptake oI the tissue *.as Eeasured-All tle substances shoned an iDhibiiiDg a;tioD which increased witb tleir
coDcentration. Cotrcenhatioos lo*nr tLan those rhich itrhibited oxvpen
uptake \ere IouDd to bave oo stimulatitrt effect. Cyanide (Mi300) prodiried
a reversible inhibitjoD ot about 85 Der ient- of tde total oivse;r'uolake:
no Breater inhibition was prduced bi M/AO cvaride than bv Miioo. d"di";
Iluorjde and iodoacetic acid had an irreversibti iDbibitiDs aitio;, and sodium
azide a reversible one stronger in acid than in atkaline"solution. Maiachite
Sreen \ as effective in very smali doses. but the urethanes only in high ones.AmyI alcobol \ras iuellective at l/g,OOO, but produced al;ost c;mptete
iDhibitioD at I/3O

(r) AfiroN oF MaNURrs

x- H. L. RrcBARDso\. " The ];itrogen Cyclz in Gtasslaad Soils : utithEsP€.d n{ercnec to the Roihamsicd parh C,^es Erb imen!.,,
Joumal oI Agficutturat ScieDce, lgg8, Vot. XXVIII, pp.73-121.

A three yeals' examitratiotr of Paik Grass soils and shorter studies of other
Erassland soils showed that fresh soil always contaiDed more ammonia thannitrate. Both levels \r.ere low and sufficientliv coDstaDt to suesest eouilil;"-
coDditions in the Ditrogen cycte. .,Miner;tizabte,, nitroeii. DroAuced bv
rncubalinS the Iresh soils uDder standard conditioDs, sirosed a seasooai
rhl.thm.the opposite oI the annual temperature rhlthm. This was reiatea io
the addition and decay oI oreanic residies in the s6it. _q." ."t..-.i; ;i.t .;it
produ(ed as rrluch miDeralizable nitrogeD oE iacubatioD as mo;e norDal
plots. .Soils.*.ith pH yatues betow 6.0 iroduced chiefly ammooia wbile thl
less acid soils produced chieoy Ditrate o;n iDcubation. -

.. NitrogeD added in tbe field a-s sulphate of ammoda or nitnte of soda
disappeared rapidly, oEe-half bein8 remloved iu a lew davs in late sorins or in
a week or two in wi_Eter or early sprirg. The rapid disapiearance oI'am;ooia,
ev€tr on plots in which dtrificaaion was poof or lactiihg, suggested that i[
was taken up directjy by tbe herbage. WheD the ter"luse";as removed.
added ammoDia remaitred in the soil Ior several weeks

UDder Rotha&sted soils laid down to giass &om arable, about tweDty_five
years are required lor the total oitrogea conteDt to reacb hatf that ofvery
old grasslaDd.

-fhe Dumber o{ worm casts Eas g.eatest oD plots with orgaDic miulures,
aDd limed plots usually bad more t-haa uDIiEed'- Woros we-re absent from
tbe exkemely acid matted plot aod the formatioD oI rDat aDDeared to deD€n.t
otr tbe elfect oI. acidity oD the worms rather than oo tii microbiololicat
decoDpositioD oI the or8anic matte!.

xr. W. E. BRINCIrLEy. " Coftelotion of Men"tirre anil Botanicdl Corrl_
?osilion oI Conti^uotas Hay Crcpi." Repori o{ the Fourth IEter_
DatioEal crasslatrd Coogr;ss, A-beryste.yt-b, tgt7, pp. 441-145.

.. Tte botanical compositiotr oI berbage varies widely i! different s€asons.
Moreover, s€asonal aDd matrurial el(ecG ae€d cafefu, discriEitration.

Repeated treatDeat with the s,aoe fertiljzer affects tte totaaical com-position and the relative proportions of species present, the latter eIfeci oft.n
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beitrs the more strikiog. On heavy clay loam at-Rothamsted' although the

ouali"tative compositioo is trot seriously alter€<l Dy -mlner,al manures' .some
i*i"" "r" -"ch encouraeed and others are consideraoly reduceo, tae relarrve
i,rJ-.ii." Gir* l"nr"o.""d bv ".""o',. 

Tbe addition o{ o-itroten eliminates
;;;;;G. ;.d ;th beali dressings a lew Srasses develop strorglv at the
ame'nsi oI the rest. Nitrate o( soda atrd ammotrium sulPlrate do not encourage

if,5 .1-" .:,i*iitii oi species "n 
account oI the drfference in soil rcactioD

iii.;"Lii;;E;; uv Lea'ry aoses of ammooium sulphate much favours
;;;,;;'i;;A;: ;i th-e addiiion of lrme brioss Atopccurus .Paatenis.and
A, rh.n alh.rum aoenaez tafi into predom inance, Ie8umrnous and .other plants
b€ins dra-sticalv reduced. With tbe treutral reactlon rnduceo Dy so<rtum

#iit )t"i"i"i iii din""one,"n nourish witbout lime shade being here

-"*-"ri"lii"" tl"" timins iD cbaqing the Proportion oJ species'

With orsatric Iertilizeis the yield may be reduced by trealT-dressrDgs or

lime r.rithou; verv marked alterations i, herbage comPosthoa . l.he lPPgol:
to lime is raDid. as the species affected usuauy show a vanatlo-tr,In taelr
retative oroobrtioo at the first cutting, altbouSh ID some condrtroDs toe

clanee aY be detaYed.--?3i+.i" i"*l* -"itoia ."-" indication of soil atrd manurial conditions'
T";;;;-i;i;;; is prolitic on well maoured soils witb a tetrdencv to
ii;T;6; -ii""tii'i 

"i"r""i" flourisbes where Pota-sh is.deficietrt aDd Do

flitrosen'is eo,li"d; Rum?, arr,osa is possibly assocEteq-:ntl serrcrry or
rtr.sJhate od 

_soil 
which is others'ise well maDured; whlle lrgum rosae

i_""r-tr..-- 
" 

ttita .f ihe herbaee where Dinerals without niko8en are giveo'

STATISTICAL MET}IODS AND RESULTS
(DePartBeat of Statistics)

(a) DESTGN oF EXPERTMINTS

xr.. F. YAtEs. "Ttp Gcia in Ef i?ncy R'suU;ng J'om.lhe U:e of
"" " gi;d Desrgzs." Supplehent ao the Journal oI the Royal

Statisticat Societv, 1038, vol v, PP ?0-74'

The comDar.tive emcieocy oI a balaDced desiSD which was actually

"i ii i 
",It"t." 

t experinient otr human beints, aod, other alternative
atrd simoler designs. is a-asessed. lt is shoutu that tbe ttala[ced deslSo rs

consideriblv mo6 emcieDt tbatr the others'

xru. W. G. CocrrR N. " Not oi J' B' S Haldant's ?apcl'Thc E'act
Valuc ol the J'to,//.z1/,ts of thc Disttibttlion o]r Xt' bromemca'
1938. v6l. xxtx, P 4o7

A discreDatrcv noted by Haldatre betweetr his atrd the sriter's Yalues fot
fl'.--.." "ia viria"ce "ixt 

in a 2 x n-{old contitrSency table with krowD
irpectations is shoEn to be eotirely due to a diflerence itr the debnrhon
ol x'." (6) AN^LYSIS oF DAT^

xrv. F. Y^rEs atral'*. G. Co.st^t. "Thc A^alysis ol,Q19"l2-o1
irf"n-""j"." Joumal of Agricultural Science, lg38' Vol'
XXVIII, iD the Press

WheD a set of expedmeDts involvin8 tbe same or similer tfeatmeDts,js
carried out at a llum&r of places, or iu a Dumber of years, the results. usuauy
."."G ""*"i"t"t.i"" "*.ilio"tio" 

aud summary. ID Seneral, each set of
.olrtt" -u"d t" coDsidered oD its merits, aDd it is Dot Possible to lay dowD
rufe oI orocedure that will be applicable in all cases, but there ate certartr
;;lt-;;JG;" itr the aDalvsis';hich can be dealt with iE gencral terms
il;;;;46'*.d ia the prisent paper atrd iDustrated by actual examples'
It is Dointed out that the-ordiDary aDalysis of variaDce procedure surtaDle

lor d;litrs with the results of a slogle exPeriEent lt]ay requfe modEcatroD'
owing to Eck oI equality in the errors oI the diIJercDt exP€nmeats' and owrDg

;;;'":;";"d;it; ihe comlrotrents of the interactido of treatments with
places atrd times.

xv. W. C. CocBR^s. " So t Difrdlrics i" ttu Stalis'nal Anausk
of R.bt;cafed Erb$i,nents " -Empire Journal oI ExPerimental
,ig'i.jltu.", 1938; vol. vl, PP. 151-175.
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