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SCIENTIFIC PAPERS
PLANT GROWTII, AND ACTION OF MANURES

(DepartmeDts o( Bota.ny, Chemistry, Iusecticides aad Fuagicides; Fleld
Exp€riE^enLs 

. S€ctiotr ; Wobum ExFrimetrtal Statiotr;-and Imperial
CoU%e Staff. )

(a) PrANT GRow-rsL E. J. Rus$LL and D. J. WArsoN. " Ttu Rothamskd Fietd Exb.i-
,n?nts on Barl4t 1852-1937. /. The Otdel Rothartstcd Etberi-
,nenls." 'f\e Empire Jouroal of Experimentat Agriculture, i938,
vol. VI, pp. 268-292.

rr. E. J. RussELL aIId D. J. WATsoN. " The Rotharnsteil FielA Erfcri-
mcnls o Barlcy l8s2-t932- Pr. II. Etfcets of phosbhati and
Polassic F.r7;lirirs: Detetiotariot uadz Cditinuous Crclbi g." Tbe
EEpire Joumal oI E4)eriEeotel Agriculture, lg3B; Vol. \rI,
pp.293-314.

A review aDd summary o[ rbe results of experimeDts oD barley caried
out at Rotbamsted, Wobum and other centres fn;m 1852 to 1937. '

Parts I and II deat nith factors which aflect yietd, and part III (in the
press) with the factors which determine tbe qualiiv of the srajtr.

Io Part I, it is shown that the retatior 6etwdn the yields oI gr"ain a.Ed
straiy is very close, so that the variatiotr in tbe ratio of gr;io to tota-i produce
is small. Further discussion is therefore confiDed to the yield of gr;iD. AD
account is given oI the effects of soil type, seasonal climatic fiitors and
nitr-ogenous fertilizers. Differcnt forss of'oikogenous t€rtilizer are coEpared,
aDd the effects of raiDiall and of time of sofing oo the response to ^added

aitrogetr are discussed.
Itr Part ll phosphatic and potassic fertilizeE are considered. It is sho*.n

that these are usually of less importance thatr nitiogeDous lertilizers. Other
factors discussed a-re:-tarm)ard batrure; soil reactioD ; Iallowitrg;
dete.ioratioD oI yield Eoder cotrtitruous cropping rith barley; mdersowing
l*ith €lover.

rar. D. J. WATsoN and E. C. D. BAprtsrE. " A Cor.fardh)e phgsio-
logical Srttdy oJ S gar-beet ald Maigou aith rcsleA b Gtouti a*'
Sugar Accu ula!;on. I. Caodh AnAbsis of lhc Crob it thc Fictd."
ADals oI Botatry, 1938, New Series,-Vol. if, pp. I3Z<AO.

A-study was made of the growth of sugar-beet aDd mangold sown on six
occasioos at iDtervals oI a IortDisht in 1934. Samoles were taken at {ortnishtlv
intervals to determine (l) dry Ne'Bbt of lamiDa,'petiole and root; (2) ;t;
cotrteDt of lamina, petiole and root; (3) !e.f area per pl"ant.
, ,-SDgaf-beet ultimately attaiDed a greater dry seiEht than manSotd, the
difference beiDS maialy io the leaves. The dry weighi ot tamina and petiole
contiDued to iD-crease lbr a loneer periqd in suiat-bJet than in mansotd-

I-ater sowing decreased tbetry weight of r;ot at all samptilg t;mes, but
itr tbe latcr stages o{ growth it caised a marked increase in la.iitr; aod petiole
dry weights.

Tbe water conteDt oI mangold was very much $eater i_o all parts oI the
plant than io sugar-b€et. liter sowiDg cailsed an increase of waier cotrtelt.

Tbe numtrer oI leaves per plant waJgreater itr sugar-beet tbao iD mangold
owing to a slightly higher rate of prcductioD and a-lower death rate. I;ter
sovring incleased the rate of production. Tbe rate oI le3'f p.oductioo was
correlated with mean temperature, Q- b€ltrS 3.1.

The variatioE oI leal area per plant was simiLir to that o{ lamiDa dry
seight. The elfect of soNiDg date on leaf area wa-s greater thaD otr leal weiRhi.

Tbe Relative Gro*4h Rate was sliehtlv sreater in susar-be€t thar- in
rnangold: it decreased throughort tb; 8ro;tb period, f;UiDg eveotualty
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I-at€r sorriig increased ttre Relative Growth Rate io tbe early stagB, duc
to an increase in the Leaf Weight Ratio; Unit LeaI Rate was rinaffeited by
date of sowiDg.

rv. D. J. WarsoN atrd I. W. SELurri. " A ComUa?atioc Physiological
Srud! of SugaT-beet and Mangold aith /csp.ci to c/ounh and S"gd,
Acturnulalio . II. Changes in Suga, Co ent." Annals of BotaDy,
1938, Nerv Series Vol. II, pp. 827-846.

.{o account is given oI the chatrgB durin8 gro$'th in the socrGe aod
reduciDg su8ar conteDt (expressed per I0O g. of d5r matter atrd per l0O t.ot water) ot the l.minr, petiole, and root of sugai-beet atrd matrgold sorr[
on six occasiols in 1934.

SuSar-b€et bad a higber coDtent of botb sucrose aod reduciDg sugaE tbatr
mangold, except that tie sucrose content oI the lamina was alm-ost ihe saEe
itr the two plants, aDd ill tbe root the reduciDg suga! coDtent was greater itr
matrBold. ln general, both the sucrose atrd redicin! sugar content oi aI parls
oI the plaDt increased steadily rvith time.

The sucrose conteDt iEcreased tbrough the plaat in the direction from
lanina to root. The reduciog sugar coatr-eat wa"i liglest itr th€ petiole, arld
was greater in the lamiDa tban in the root. lt is pointed out that this does trot
necessarily imply that tr_anslocation takes place against a gradieat of sugar
coDceofratio[, Ior giadieqls falliDg ia the ilirection of mov;meot may exist
in the coDdlcting tissues, which aie masled in the mass analyses of EmiDa,
petiole, and root. The data sive little direct evideDce otr the mechanism oI
tra.rslocatioD, but they serv6 to illustrate some fallacies itr the argumests ol
Davis, Daish, aDd Sa$-yer Ior the vieN tbat suGose in the leal is ao-immediate
product o, photoslmttr;sis and that carbohydrate is translocated as helose.

There is Do clear distinction in the root'bet\r.eetr a phase of gio\rth aod a
Phase oI sucrose storaSe, for the very youDg roots bavea high sucrose coateDt.
Growth aDd accumulation of sucroie'procied togetber.

On the mean oI all saEplitrg times,'a signitica;t itrcrease of suclose contetrt
was louDd iD the lea{ lamioa, betweeD t0 a.m. aod { p.m. Tbe correspoDdiEg
iDcrease in reducing sugar was smaller aod trot siiDilicatrt. 'Ihe average
chatrges during the day iD the sugaf contetrt of the petiole were alnost tEe
sa_me as thosa o{ the ieal lamina; but were Dot si8iificant. There was no
itrdication of aDy diurnal va atiotr h the,oot.
_ Ister sowinS caused atr iocrease i[ the redDcing sugar cotrteot and, to a
less exteot. io t.be sucrose content of the leaf lamina. itr tbe later stages of
Syowth. The reducing sugar coDtent of the I,etiole was similarly afiected, but
the sucrose coDteDt of petiole aod root was -always 

depressed bi later sowiDg,
Tte reducing sugar cootent of the root was al;o sliibtlv dec-rased. These
results suggdst tbat the effect of later sowiog, p.e"iousiy demoDstrated, in
increasiDg the size aDd weight oI the leaves, wis ciused bia restriction of the
rbovement of carbohydratdout ol the leaI, rather thao by an itrcrea-sed ability
of tbe leaf to utilize ;siEilate in sro*th.

Later sowitrg depressed tbe toial yield p€f acre oI sucrose itr tbe root.

v- F. J. RrcEARDs. " Phys;ological ShaAizs in Pldnl N ttililm. VIII.
The R?larion ol R.srirulion Rata ta the Cd"bohydtele and Nittog.$
l4etabotisn oJ thc Eaiey bal as Dclomiud-by Phosphonls ;nd
Potassiu,h Sippty." eo"nats dr notaoy, 1938, Niw Series, Vol II,
pp. 401-534.

- Barley Eas grown in satrd culture at three levels oI phosphorus nutrition.
In three other s€ries phosphorus aDd potassium were redlced proportioDately.
- \ery coDsiderable beatment diIlereD(es were obtained iD grosth rate.
final yield and weiSht of correspoDdiDg leaves; these being aliost enthely
due lo pbosphorus and nearly Independent of variation in potassium supply
at any oDe phosphonrs level.

\Yater content dilferences were comparatively slight.
_ Changes in respiration Iate undelgone during tf,e first JelP hours in the

dark are described atrd the results oJ GrcSory and Sen (lg3?) coolirmd.
Respiration rate $as greatly reduced b, ,hosphorus deticiency, thc change

witb supply being gyeatcst at'comparatrveiy hiah levels. \\'bei pb,,sphorus
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and p^tassium lvere simultaneously proportionally reduced, the fall in respir.-
tion was at first more sradual than when phosphorus aloDe was altered, but
at lower levels the resultant change was greate!.

Proqressive phosphorus deficiency led to proqressive reduction ia protein
coDtent aDd progressive and considerable iacrease in amiDo nitrogen.

Total sugars and suqose were in geDeral reduced by phosphoi$ deficienct
while reducing $rgar vras incleased.

Respiration w"as generally closely related to nitrogenous substances iE the
series $,ith high potassiud and phosphonB supply. As the level of phosphonrs
supply ralls the content oI reducing suBaf becomes of incre8ing importance
which is interpreted as evidence for heiose as substrate aod the importaoce
of phosphate lor it3 breakdolPE.

v]. W. E. BRaNcELEy- " Co pdrdlio. Effr.is of Cobdll, Nichcl aat
Cof?., on Plat! Gtotdh." AEnals of Applied Biology, 1038,
Vol. XXv, pp. 071-694.

A gmeral teview is gia'eD of the distributioo and the phFiological idpor-
talce of nickel aad cobalt, iD relation to plants and animals.

Expea'ments on barley and broad beans were carrr'ed out in water cultures
v.ith the sulphates and chlorides o, cobalt, trickel aEd copper. Itr every case
a range oI low concentrations did little or no damaqe, but toxic action occurred
abruptly above a coDcentration which varied with the species and with the
cornpoutrd. With barley, cdpper was the most poisoDous element ia either
compoutrd, but the difterences were not strikiDg. Irw concentrations oI the
mlphate wele inocuous, but parallel low strengths of the chloride caused
a slight siSniticant depressioD in gro$th. With broad beans, cobalt was much
Eore poisoEous than either nickel or copper, partr'cularly with the sulphate.
No slight depressioa with low coEceEtratiotrs o, the chlo de E-as noticeable
rittr this species.

The Erorpholodcal response to toricity }'aried with the element concerned.
Copper, in poisonous strengths, caused shortening and " bunching " oI barley
roots, whereas nickel aDd cobalt permitted the growth of elongated roots of a
very atteDuated nature. Tbe iDdividuality of plaDt respnnse to poison was
bequeotly sho*.n by the great variation in Rro\rth iE the borderline coE-
celtratioas just below those which ceused marked depressioD oI growth.

(t) AcrroN oF M^IIunEs

vlt. I{. H. MaxN. " ?r, W..a H.rbdpc ol d Sliqh, l Acit ArdL Soir."
Journal o, Ecology. 1039, Vol. XXVII, pp. 89-l13.

Tbe weed herbage w-as studied on a light sandv loam of sliEbtly acid
char.cter rrhich has beetr trnder continuous wheat or barley cropping for
over Iifty years. The several plots had various manurial treatments to 1926
and no manures si[ce that date. A fallow taken in 1034 and 1935 enabled
the general character oI the weeds to be determined duri.g the seasoa.

With most ol tle importaDt annual wds itr the soil, rouqbly hall the
year's growth of plants qerminated before the end of April. This does not
apply to iDdividual u,eeds as the dominant one ls?eafidd dmcns;s) germinates
at any time in the y€ar, while some ol the ot}rels, rrot^bly Poll/ponur. drricaddrc
(March to May), Grarhali tti.lieinosui. UttDe to Septemb€t) aid Ch.noqodiui
&u, Mey aDd June) were very seasonal.

A silglc yeat's fallow, even vhen acco panied by lreqoent cultivations,
is aot very eflective itr getting rid of the arinud weeds. Two years'tallo-
brings about, however, a la.irl]' Iarge reduction, except wil}l Sl.llarid rt dia
an<1 Poa dnnud, neither ofwhich appeared to be appreciably altered in amotrnt.

Acidityofthe soil itrdrced by previous manuringwitb sulphate of ammotia,
had a very rreat influeDce on the weed herbase, and when the pH valDe was
lowerthan 5.0, tbe annual plants consisted almost entirely o( Sp.rdr.la am.nsis,
Eittr a small altonnt oI Porlgoturr. dvid.rau aJrd Poa annro. Mdicada
;iodord, thonglr an acid loving weed, disappeared aldost entilely when the
pII !'alue was less thatr 5.4, bot was also reduced iE amount when the pll
valoe was greater than 6.8. Pol,rqontrrn dt ict dre and Pod annua aft W lar t}le
teast seDsitive to changes itr acidity ol all that were Iornd on the plots studied.

The eflect ol lotrg cotrtioued application of m ineral maaurcs rras very soall
@ tho ruober o, platrts pe, Enit a.r6s, olc€pt i.a the c4ec ot Vicia tirsdd,
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*hich appeared as a serious weed only iD the plots which had receil'ed mineral
malures or Iarmyard manure, and theD only when the pH value was over 5.6.
T-he annual addition of farmyard manure ,or ti{ty yaars left a le8acy of ao
iEcreased amount of most of the weeds-

The ellect oI lime on the weed herbage is almost efltirely govemed by the
chatrge itr &idity thereby iflduced. The litrre did Dot appear to have a specilic
ellect oo atry oI the atrtrual weeds examined.

Tbe perennial weeds which tended to take possessioD oI the plots were two
" twitchis," Demely Holcits mollis and. Agr;stis stalonileta, ihi"h beca-e
serious iD the more acid plots, while the more usual twitch (Agrofyum/c?crll
sas wbolly absent itr this sandy acid land. Ruri.r .urtoseqa was common oD
the more acid plots atrd could not be Bot rid ot even by a two years' Iallow.
Equis.tum dtuensc (rEc1jmed largely, th6ugh there *as u6 sig ol wetness atry-
where in the field, and seemed to be rather encouraged by the fallowing of
the le[d. Conull)ulus arucasis only occuffed ia plots which had bad Eineral
loallores o! farmyard matrure in the previous hall catrtury, but its a!!!ourt
.li'as hardly affected by eveD a two yeals' fallow.

raru. J. T. M^RTrN, H. I{. MANN and F. TATTERSFTELD. " Th. Maiuridl
R.quir.rncnls of Pyr.thrum (Chrysalthedum cinerariaelolium
Ttev.)." AEtrals of Applied Biology, 1939, Vol. XXVI, pp. l+24.

A small lield experiment upon the manurial rcquirehetrts of the itsecticidal
pyrethrum plaot, grown up.n sandy soil o/l lo\v fertility, is describ€d. Liae had
the effect of produciDg slight, but trot significant, iDcreases each year itr the
yield oI florrers aDd ttreir colteot oI the prethriEs, aad decteased the per-
ceatages of plant Iailures itr the fourth atrd Iifth years oI tbe experiment.
There wa-s a sigrificaDt depression in the yield of flowers itr the year alter tbe
single applicatjon oI double dressings of the maDures, but no elfect iD later
years. Ttle yearly applicatiotr of moderate dressiDgs oI manures gave sisni-
ficant incleases in the yield of flowels in the second and fifth years, aDd
sigEificant itrcreases in ihe pJ,.rethrin I coDteDt ol the llowerg ia ihe foudh
aDd Iilth yeats oI the experimetrt.

rx. H. Il. MANN. "In@srigariorrs on Ckocr Sichn ss." Joumal ol Agi-
cultura.l Science, 1938, Vol. XXVIU, pp. 437-456.

It a clover sick soil be defiDed as o[e on which a EormaI ar@ of cloeer
catrDot be Brown, but on which only small duarfed plants are produced. the
clover sickness caE be {ouDd in the absence oI the usual fungi to which it has
beea attributed, and also ill the absetrce of the eelwofln (Anglilh.lir.a di?sacil
which geDerally accompanies it.

In tbe particular soil examined, Do matrurinq with lime, potash, or Pbos-
pbates, o, rdth eas;ly available nitrogeB io the form ol pota-ssiuD oitrate had
any considerable ellect in eDabling good Bro*.th oI clover to be obtaiaed.
T\rio methods, ho1r,ever, were capable oI temporarily Siving good dops. l.he
,ilst wa-s the heating of the moist soil to a temperature of 60 to 70" C. {or I to 2
hours. The effect of this trcatment, however, passFd off io a {ew months aftet
one or two croDs of clover had beetr obtained. The secoEd method was the
applicatioD oI i very large dressiDg o, farmyard manure. This was at lirst
quite erfectiwe, but the qEatrtity needed *.as not such as caold be oscd ia
practice. Where Dearly t0 per ceat. of the weight ot the soil vas added ia tbe
lorm o, wet farmyard maouae, the e{Iect coDtinued even after tout successive
crops oI clover had been groq.n: where 3 per ceDt- o, tfle soil weiSht Ya-s
added, the betrelit very rapidly passed away aftcf, the sccoDd ctop.

x. E. M. Cnowrrr* aDd R. G. W^P:REN. " R.Porl or. Pot Crvwc,
Ldbordory lvoth arul Aha Inoestitations." AppeEdi: I to tbc
Fifteenth Report ol the Permanent Committee oE Basic Slag,
Miaistry of Agiiculture, 1937, pp. 4-11.

In pot colturcs foul types ot basic slag vere cornpaEd Iot perennial rye-
8rass aod tumips oo an acid Scottish soil and otr a neutral saDd-beotonite
Dixture with t*,o depths of incorporatio! of the basic slags. The tDrnips ia
.pita oI daEage b'y p€ts respolded to slags oo both soils. but tbe ryG.grass
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respoaded only on the artiJicial soil. The ,act that rye-8rrss Srew well otr a
sou otr which turnips had failed completely frcm Phoq)hate shortate in the
field iE the previous seasoD suggests that soEre oI ttre poor residual ellects
observ€d jtr lield experimeEts are due to the abitity of other crops to utilise
soil phospbates which are not available to swedes. Itr the pot exp€dmetrts irl
the soil but not in the sand tle turnips gave better results yrhen the slags were
coDcetrtrated iE a trarlo\D baod tbaD *hen they weredistributed more drffusely.

In coojutrction with the Forestry Commissioa two experimeDts were laid
down on young trees ia Scotland to test thlee ratrs of applicatioo of thlee
slags aud Bitreral phoq)hate.

xr. E. M. CRou.rEER aDd R. G. WARREN. " Relorl on Pot CtU ra, Lobola-
tory Worh and Oth€, Ino.stigations, 1937." Appendk I to tho
Sixteetrth Iaterim Report oI tbe PermatreDt Committec on Basic
Sla& Ministry oI Agiculture, 193S, pp. 4-9.

The pot experimetrts o[ the previous year were cotrtitrud with clover,
pereDniai rye-Bia^ss and timothy. in ttre said cultures, trcm which about tall
of the citric soluble phosphoric acid of tle slags had beetr removed iD the
prcvious year's crops, the clover failed atrd the two grasses did Dot Srow well.
In the soil a[ three crops grew well but the respooses to basic slag residues were
so sfiiall tbat it was not possible to dillereBtiate betweetr slags oI between tbe
reqroDsiveness of the different crop6.

Irboratory exhactioDs under controlled pH values brooght out thc
onexpected resBlt that the retative solubilities of trpo rnedium soluble sla88
were dirferetrt itr citiic acid and ill other acids at the saae pH value.

xfi. E. M. Cios/TtrER (with D. N. MCART,dEP.). " Repoi on FicA Erp./i-
,nenls ii 1938." Appendix II to Filtcenth Itrterim Report of the
Permanent C-ommittee otr Basic Slag, Mitristry of ASricultsre,
1s31, W. 12-22.

Four field experimeDts sere coDducted oD swedes to compare two rates
of applicatioo of three less soluble types of slag with (our rates oI applicatiotr
of a high-soluble slag. The yields lrom lhe less soluble slags were SeDerally
similar to those lrom high soluble slag supplyiog equal aEouDts of citric-
soluble phosphoric acid. The phosphoric acid conteDts of the dry swedes
were ilcreased considerably by tJle higber rates of application ot tbe more
soluble slags aDd this auowed comparisotrs oI the slags to be Eade over a
msch wider raDte thatr was possible Irom tle yields alone.

xIIt. E. M. CRoWTIIER (xrith D. N. McAirrltr.\. " Re?od on FiA E.?./;-
nuats in 103i." Appeudix U to the Sixteenth Iaterim RePort oI
the Permaaent ComBittee ol1 Basic Sag, Mitristry oI AFiculture,
1939, pp. 1G22.

Five ery€rimeDts similar to those of 1936 again gave very steep
curves to basic slag, otre-eighth oI the customary dressing of
dooblinS the yield of swedes. Such results emphasise the

stri}iDg thao i[ atry of the t5.ree precediDg years-

very steep response
: of high-soluble slag

the ifiportaoce of
the availabilities ofworkinS weD below the upper lioit of yield in comparing the availabilities of

dilfereDt slats. The results rvcre generally related to the amouats oI citticgenerally related to tbe amouDts of citric
;xceot lhat those from the rDore solublesoluble phosphoric acid supplied, except tl

oI the two medium-soluble slags were defitri
expected on this basis. This Iairue oI the

soluble phosphoric acid supplied, except lhat those from the Eore soluble
oI the t*o medium-soluble slags \rere defitritely better thaE would have beeD
expected otr thls basis. Thjs fairure of the citric acid method was lar more

STATISTICAL UETHODS AND RESIJLTS
(Dep6,rtmeot of Statistics; atrd Field Experimerb Scction)

(a) TIIEoREITCAL
xrv. F. YArEs. " An Arpatcnl lruon"rishr.t Aris;ig lrorn Tcds of

Sig$;Iicaaca Bas.d on Fiducial D;dibtliotts of Unhtoutt Pata-
,.&rr." Prcceeditrgs of t'he CaEbridge PhifGophical Society,
1030, Vol. XX)(V, Part IV.
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