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PUBLICATIONS
Physlcs Department

I. ErrrERsoN, W. W- & GRrtNDy, G. M. F. (1954), The efiect oI rate of
wettitrg otr water uplake atrd cohesioD of soil crudbs. J. agric. Sci.,
&.

Short columns of air{ry soil crumbs were wetted at difierent rates and, after
drairriDg to a standard suctiotr, the amouDt of watet taken up by each colulIra
determined- It wa^s tound that this iDcreased continuously with rate o{ q,ater
applicatioa. The corresponding progressive decrease in the cohesio[ of the
wCtted crumbs has been measured by their resistance to break down uoder the
iEpact oI {altitrg s'ater drops. By developiDg this iDto a rapid alrd sensitive
method, it has been Iould that the lo6s of cohesiotr is due almost entirely to
enkapped air, llotr-utrilorm swelling of the clay beitrg a negligible factor in
weaLening cruEbs.

The aggregates investigated werc taken from adjacent 6elds difierirg only
iD tbeir croppitrg treatmeDt : otre being utrder coDtiDuous arable and tbe other
utrder continuous gr-ass. The extrapolated value oI the cohesiofl of the
grasslatrd crumbs at zero rate of wettiDg was twice that o, the arable, iadicatiag
aD additiotral cohesive force in the gra.ssland crumbs. The cohesion of the
arable soil fell nruch more rapidly with indeased rate of vetting thatr that of
the gra-qsland, probably because the roots in the grassland crumbs provide
easy escape passages {or the air.

The incfease, with Iate of wetting, of the aEroutrt oI water held by e soil
sample agaiDst a givetr suction is important, at least up to 200 cm- oI water.
This dependence oI the pF curve on rate of wetting is oI particular sigtrifcance
for laboratory studies of water movement in soils.

2. HrRsr, J. M., LoNG, I. F. & PENMAN, H. L. Micro-meteorolog-y iu
the potato crop. Proc.Torotulo Mel. Coz./. 1953. (Iathepress. To
be pubtisbed by Royal Met. Soc., Irndon. For summaDr see 99.)

3. PENMAN, H. L. (1952). Water and plaDt growtll. Agric. Progress,
27, 147 .

h this su ey o{ the causes oI the need of plaEts for water a number of
principl€s emerge, some based on reasooable certaitrty, others a little laqs
certain and yet othe6 are fraokly qreculative. Tv,/o statemeDts are made
and accepted as alEost axiomatic. They are :

1['hen water supply is tron-limitiDg tbe plant's r6le in traDspiratioo
is the pa-ssive one oJ providillg a conductiEg chauEel between the soil
and the atmosphere.

IIa-yillum taDspiration is a necessary coDdition Ior maxiEum
gro\r.th. It may not be a suficient co[dition.

The basic pri[ciples ale :

When \rater supply is Don-limiting the traNpir-ation rate is deter-
mined by prevailing weather.

-{part Irom hinor efiects, this rate, Lnowrr as the potential transpira-
tion rate, is the same for all short crops of about the s:rrne colour atrd
completely shading the ground.

The potential tBnspiratioD rate ls leas than the evaporatiotr Iate
from aa open lvater surlace exposed to the same weather. The operl-
water evaporation rate can be estimated from weather data.

Principles still i! evolution iDclude :

Potentiial trarNpiration is less thatr opetr-water evaporation beceuse :
(i) the stomata impede the flow of vapour ; (ii) transpiration opportuaity
is largely restricted to daylight, aod so varies *ith s€3soD and latitude.
As a dder : alr empirical cotrvelsion lactor has proved widely useful il] a
i.ariety of applications, including the contrcl of irigatio[ ol]erations.

A modifed treatBent is needed for crops where vetrtilation betweetr
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plants is pc6ible. The most iroportatrt case is an extreEe, namely
in an op€tr orchard. A trrst attack on this probleB has 6et with
soccess.

The JollowiDg are somewhat oore speculative :

Each type of crop has a toot cotrsta[t, which is the aEoutrt of wat6
that catr be trempired at the poteotial rate.

This constaDt is lartely indeperldent of tie type oI soil, but wiU depend
on the staSe o, biological developmeat of the plant, and may be modified
by the *eather cycle or crop lranagerDetrt.

4. ScHoFtELD, R. K. & S^MsoN, H. R. (1953). The deflocculatioD oI
kaolinite suspensions and ttre accolqpaoying chauge-over Irom
positive to negative chloride adsorption. Clay Min. Butl.,2, 46.

Pure kaolirito washed 6rst rrith lM-NaCl cotrtainiog o.oOlM-HCl and
theE with distiUed water remai.s fiIlrly flocculated when salt free. Itr this
state the kaolinite retains excha[geable Na, $hich shoEs that the crystals
are negatively charged.

WIen rcdispersed io o.fi)5.ll1-Nacl, tbe crystals positively adsorb chloride,
u.hich prcves that parts of their surfecB (presumably the edge Iaces) are
positively charSed. The attraction of the positive charges otr tbe edge faces
for tbe oe8ative charSes iD the body of the crystals is regarded as the cause
of the flocculatioa whicb occurs in tf,e absence 5f salt.

Deflocculatioa of the salt-free sus?ension occurs oD the additioa oJ a small
but suficieDt amount oI NaOH. When kaolinite so keated and then air-
dried is re-dispersed in 0.005M-NaCl, the crystals negatively adsorb chloride,
showin8 that the edte faces are Do longet positively charyed.

Deflocculatioo call also be brought about by addiDA sEall aEoutrts o{
sodium oxalate, sodiuE p,.rophosphate, sodiuE pol).metaphospbate, sodiDm
slgi-oate aad sodiuro beDtoDite. Regardless oI tbe agent used, wben tbe
taolinite is deioc.ulated in the abs€trce of free salt, the crystals rcpel chloride
ioDs whea pl,eced in dilute NaCl.

An expl,aDatiotr of the variation of tho charge otr edge Iaces with pH is pot
Iorward bas€d on the crystal structure of leolinite, coupted with theldea that
a small degtee of isoEorphous replacerrent Bives ris€ to a pe nanent negative
charge.

Chemistry Department
GENERAL PAPERS

5. CooxE, G. W. (f9$). Fertilizer placement for threshed peas.
British Frnr., February, p- 3.

6. CooKE, G. W. & CHAL!{ERS, G. R, (1953). Placement drills are
costly-but they pay. Frnr. & Slh,-Brced.,24th February, p. 65.

7. CooxE, G. W. (t953). Are compound lertilizers worthwhile ?

Gaouer, Sg, ll2), 583.

8. CRowrEER, E. M. (1952)- The evaluation of soil fertility. Iraas.
Joint Meeling of Comntissions II and IV,Inlat - Soc. Soil Sci.Dublin,
2. 14.

C'eEeral lecture given at the Opening Sessiotr of a joint meetiD8 oI the
CommiqsioDs for SoiI ChemisEy aod Soil Fertility and PlaDt NutritioD,
reviewing some of the obstacles to applyint what is known and to obtaitriDS
trew knovl/ledRe.

RESEARCH PaPERs

9. BREMNER, J. M. (1954). A review oI recent work on soil organic
loatter. Part Il. J. Soil Sci. (In tbe press.)

A review of rcceDt work on tbe extractiotr aDd fractioDation of soil orgadc
Eatter, the interaction of organic atrd inorgaDic soil colloids, tbe huBic
etrd fulwic fractiotrs and the ligdnlike complexes of soil organic matter.
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10. BREUNER, J. M. (1053). Identificatiotr of hydroxylamine atrd
hydrazine by paper chromatograpby. A flalysl.. (lD the press.)

-{ method for the separation atrd identifcation of micmgram quaDtities
oI hy&ox!'lamine and hydrazine is described. It involves palrcr chloBato-
graphy wrth acidic solveots and identiEcatioa by R, values and by the colours
produced with picryl chloride and other detectrnt reatents.

ll, BREITNER, J. M. & SHAW, K. (1953). Studies on tie estimatio!
and decomposition of amino sugars in soil. J. agic. Sri. (In the
press.)

The amouflts oJ amioo sugar-N presetrt iB acid hydrolysates of six soils
with tritrogen cotrtents rangiot ftom 0.17 to 2.82 per cetrt have beeo estimated
by colorimetric and alkalitre decoEpositiotr methods. Recovery of amino
sugar-N after hydrol,-sis of chitin o! glucosamiDe \I?s found to be uEafiected by
the presence of soil during hydrolysis. Substances knorn to inte ere Ir ith the
methods of amiDo sugar analysis employed were not detectable in the soil
hydrolysates. From the amounts of amino sugar-N liberated by acid hydrolysis
it is deduced that 5-10 per cent of the total nitrogea oI the soils examitred
l*?s ilr the Iorm of amino sugarc. The decomposition of amino suga$ in
soils has beetr studied by comparing the rates of decomposition oI chitin,
glucosamine. casein and yeast nucleic acid when incubated with soil uDder
conditions fouDd to produce rapid nitritrcation of ammonium sulphate.
Glucosamine and chititr are readily decomposed by soil micrGorgeBisms, but
not so rapidly as casein or ]'east nucleic acid.

12. CE.{}raERS, W. E, (1963). Nutrietrt composition ofthe produce of
the Broadbalk continuous wheat experiment. Part I. Changes
over seveoty years. J. ag/ic, Sci,,8,473,

A rapid exhactiotr procedure of dried grouod plant material was us€d in
coniutrction vrith the Lund€8Ardh flame method of spectrographic analysis
aDd its accuracy sborro to be comparable with that for ashiDg with 8ravi-
metric analvses. Tbe eflects of fertilizer heatments on feld and nutTient
compositio; oI the crops and their cbea8es with time'were summarized.
The recovery o, pota-asium was estimated, aDd it *.as shown that the exhaus-
tion or accumulation o{ soil potassiuE $ras related to the exchaogeeble potas-
sium contents oI the soils, but that the Det gains or losses oi potassiuE
were many times greater than those lound io the exchangeable or readily
soluble potassium of tbe surface soits. Sodium or magtresiud sulphates
increased crop yields by increasiDg the supply ofpotassiud from DoD-exch4nge-
able lorms.

13. CLAMBERS, W. E. (1953). Nutrient composition of the produce of
the Broadbalk coDtiDuous lvheat exlrriment. Part II. ChaEges
occurring durilg oEe season's gyowth. J. aglic. Sci., +8,479.

Throughout a seasotr the total uptake of nutrients increased to a daximuB
atrd then decreased. The losses oI potassium and BagnesiuE IroB the stems
and leaves were particularly large due to t6Dslocation to the eals, but there
s'ere also net losses of potassium and calcium from the platrt. The changes
were siEilar {or all fertilizer treatments. Tbe compositioD of the crop et
harvest ref,ected its composition throughout the seasoD.

14. CooKE, G. lV. (1953). The correlatioq of easily-soluble phosphorus
in soil with responses of crops to dressiDgs of phosphate fertilizers.
J- Sci. Fd-.4gr.ic., No. 8, p. 353.

Wherl suficieIlt numbem of soils are examined empirical determinations
of €asily-soluble soil phosphate cafl be used to forecast crop req)oBses to fer-
tilizer drqasinSs. Crrrelations between soil aDalyses aDd crop behaviour
fail for individual soils, and the caus€s have be€tr examined.

Dilute acids dissolwe relatively lerge quantities ol phosphate Irom some
soils where crops respond to phospbate fertilirers o*ing to: (l) dissolutioD
of iroD and aluminium phospbates; (2) use ot too much solvetrt ; (3) use oI atr
umuitable solvent; and (4) dissolutioa oI phosphate lrom the interior of
particles of calcium carbonate in calcareous soils.

Other soils contain very little phospbal.e soluble in dilute acid, but, never.
theless, crops grorvn on thent do not respond to phosphate fertitizers. In
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such cases crop growth may be liErited by some other factor, such as drought.
Phcphate dissolved by dilute acids is iEmediately reprecipitated by soEe
soils; the exteot oI such reactioDs may be estimatcd by repeated extractiotrs
iII the preseace of added phosphete. trlost Eioeral soils ia eastertr England
fx very little phosphate durinS acid extractioD, but Ie! soils and ferruginous
soils may fix considerable arrouDts.

Changes itr the amounts of soil phoE)hate that are soluble in dilute acid
may occur when air-diied soils ate stored. Such chatrSes are accentuated
by iocubating moist soils lrith or without calcium hydroxide. Incubation
erperimeDts may be used to forecast iDcreases io dilute-acid-soluble phosPhate
that occur during the SrowiDg period oI crops aDd chaDges which occur it1
easity-soluble phosphate \r'hen acid soils are limed. Incubation &'ith liEe
was used to measure reserves of soil PhosPhorus that were easily converted
into forms soluble in dilute acids; such measurements were more satisfactory
thaD simple extraction with dilute acid in telatinS crop respons€s aDd soil.
pbosphorus status itr ooe Sroup of Reld experrmeDts.

15. CooxE, G. w. (1951). Designs oI fertilzer distributors and their
mechanisms. J. Insl. Bril. Agtic. Engrrg. (Itr tbe press.)

The t)'pes of Eechal1is6s used in comrEercial distributoB are described
and classifed as: (l) Sravity feed (unassisted); {2) assisted Erai'ity leed;
(3) metered gravity feed; (4) top-delivery feed.

The following {actors cause irreBularities in delivery rates: (l) "head '

oI Iertilizer; (9) inclination of the mechatrism; (3) incor.ect sP€ed; (4)
itrcorrect delivery port openings; (5) iDherent periodicity itr delivery from some
mechanisms; (6) compacting oI fertilize!; (7) the hygroscoPic and other
physical properties of fertilizers.

Feed aysttms wbich meter and remove fertilizer ftoE hopPers horizontally
are superior to assisted Sravity teeds, *here fertilize! flows vertically. Top-
deliveiy mechaDisms are generally superior to aU tx)es oI gravity feed.

Possible luture developEetrts in Iertilizer distribution (including bulk
spreading, aerial distribution, and tbe use of lrquid rertrlizers) are discussed.
Distribulo6 should be desiEoed to deal specifcally with fertilizers haviD8
defnite physical properties. Different Eecbanisms may be needed to dis-
peose Eaterials sucb as free-flowiog gra.Dules, dry Powders and hygroscoPic
powdered tertrlizers. Co-operative work is needed to standardize physicel
abaEcteristics of fertilizers, so that in future distributors desiSn ma) have a
scietrtific basis.

16. CooKE, G. W. {& Deoo, C. V.) t1953). Fertilizer placemetrt
exlrriments on thleshed peas. Agticullure, Lond-, @,34.

Expenmeots were carried out by the National Agricultural -{.dvisory
Service to exteDd comparisoos of pla.c€d aDd broadcast phosphate-Potasb
fertilizer lor threshed peas to more distatrt areas oI the Eastem Counties.

The results of earlier Rotbamsted Experiments atrd of tbe -\.A.A.S.
experiEeDts were coDsistent. The gain fro6 PlacemeDt (over broadcastiD8)
o[the average of seventeen RotharDsted exPeriments was l9 c*'|../acre of
p€as, and the correq)oflding gain ia the N.A.A.S. exPeriments was 2.Ocwt./acre
oI peas.

The gains io yield lrom diillint PK lertilizer at the side oI the seed \r'ete
greater thaD Irom broedcasting twice as much fertilizer. Relatively small
quaotities of placed fertilizer are su6cieDt Ior maximum yields and on soils
;here threshed peas respond to phosphate and potash {ertilizers it will pa!
{armers to use placeEent drills to apply dressings b€side the s€ed.

17. CooxE, G. W., JAcrsoN, M. \.. & WrDDowsoN, F. v. (1954).
Placement of fertilizers for potatoes planted by ma.hineg, J.
agric. Sci.,,l4, (In the press.)

A two-row hand-dropping potato planter vras modiied by adding Iertilizer
equipEetrt and was used in thirty-three experimeDts in l05l and lg52 to
planl potatoes from flat land, and coapare broadcast dressitrts of granulated
compound fertilizer $ith dressings Placed near to the seed.

Fertilizer ptaced either in one batrd at the side and below the level of the
seed or in contect with the seed gave cotrsiderably hiSher yields than broadcast
dressings. Broadcast {ertilizer Save yields similar to thos€ given by only
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otre-halI to two-thirds as druch pldced fertilizer, Otr the average oI all the
exP€lieeDts Placing lertilizet Savc abut I totr/acre more potato€s thaD
broadcastirS. The advaotages oI placeEent $'ere treatest whetr low rates of
dlessi[g were used.

Broadcast fertilizer was cultivated deeply into the s€edbed itr aineteen
experimetrts in 1952, and gave slithtly lower averaSe yields than late dressings
broadcast oa the seedbed.

Fertilizer placed in batrds otr the soil sullace immcdirately in ftoDt oI the
seed-shoes gave yields siEilar to those given by drcssings btoadcast over the
seedbeds in fourte€n expedmetrts in 1951. Itr average planting conditions
Iertilizer broadcast on the seedbeds or pliaced ia ,ront oI the seed-shoes was
throwl to the middle of the ridges aDd coaceatrated abowe the s€ed.

Fertilizer placed in contact witb tbe s€€d Save higher averige yields than
dressin8s in a sideband at both rates oI EatruriDg in the 106l experiEreots.
Itr 1952 contact placement 1ras slightly suFrior to sidebaDd placeoent at
lovr rates of fertilizer and slightly inlerior at high rates. Ia Do6t experiments
ia each year emergence \r'as delayed by teo to Iourteen days when the heavy
dr€ssing $as placed in contact with the s€ed. Early tro&th was poor, but
at most centres the crops recovered later itr the seasoD and gave good yields.
There is most risk oI damage from contact placement oD light soil, on badb
prepared seedbeds and in dle ]'ears. Dressings oI 10-12 cwt./acre o{ ordinary-
strentth compound Iertilizers are likely to be quite sar€ when applied in
contact with the s€ed. If heavie! alressings are to be used, part should be
applied itr contact rdth the seed atrd palt broadcast; such split applicatioas
were satislactory in experiments in 1951.

Far'meis ptanting even moderate acrcages oI potatoes by dachiDes will
betrefit by usiog a suitable Iertilizer attachme[t. Equipment is needed to
place lertilizer at the side of the seed so that heavy dressin8s cetr be used to
secure maximum yields without dsk.

18. CooKE, G. \v. & WrDDowsoN, F. V. (1953). Placement of
fertilizers lor ro\r' crops. J - @gria. Sri., 'til, 348.

In e4)€riments on peas, beans, carrots, kale, beetioot and spfuach eppro-
priate dressings of fertilizers pLaced in one band 3 itrches below the soil sur-face
aod 2 inches to the side of the seed did trot danDage germiDatioa. Peas aDd
beans are likely to be injured when eveo sEall dressiags oI soluble lertilizeE
are drilled itr cotrtact with or below the s€ed.

In sixteen experime[ts otr peas atrd tritreteeD experiments on beeDs in
1949-51 broadc.-st fertilizer Save sD"a'll increases in yield of beatrs aDd peas
iD dry years and larSer increases in wet years. In about one-quarter of all
the expenEents Iertilize! broadcast early and either ploushed or cultivated
deeply into the soils gave sigDifcantly higher yields thaa late dressings
worked into the se€dbeds. Itr roDghly one-thiral oI all the experimetrts oE each
crop there were sigaifcant i[creases ir! yield from placiDs as coDpared with
broadcasting fertilizer. The average extra yields produced by placing {er-
tilizer vrere 1.8 c*t./acre o{ threshed peas, 9.3 crvt./acre of greetr peas, l.O
6rt-/acre oI winter beans atrd 1.3 cwt./acre of spring beans. For spritrg-
sown clolrs extra ]'ields frcm placement were greater than the increases from
broadcasting lertilizer. There was little advantage from splitting the lertilizer
dressing, broadcasting hau and placiDg the rcmainder beside the seed.

In most experiments oo peas and beans, yields given by a sintle dressing
of placad fertilizer *ere equal to, or greater thaD, the !'ields gilen by double
dressings of broadcast fertilizer. \\'hen placed in the correct position quite
sDall quaDtities of fertilizer are sufEcient tor maximum yields of such crops.
There \{'as no advantaSe Irom placing lertilizer at the side of the seed for
cairots, kale or beet. Placed Iertilizer gate a higher yield of spiDach than
broadcast fertilizer.

Placitrg fertilizer at the side and belov. the lewel o, the seed is likely to give
better yields than broadcast Iertilizer Jor crops having short growing seasoDs
or poorly developed roots and when broadcast ,rutrients are immobilized
in the surJace soil by drought.

19. CooKE, G. W. & WrDDowsoN, F. V. (1953). Methods of applying
Iertilizer lor herbaBe crops. Jf. ag/ic. Sci., 8,358.

Pbosphate-potash fertilizer was drilled itr bands 20 inches apart aDd
3 in(hes below the soil surface and compared sith similar dressitrgs broadcast
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otr the surface for established crops oI sainloin. On utrmanu.ed plots yields
were not reduced by cutting Srooves Ior the fertilizer batrds. Broadca-stitrg
Iertilizer on the sudace produced coDsistently more sainloin hay than dresitrts
pl,aced iD bands. In similar experiments on permanent grass broadcast
Iertilizer also Save cotrsistently more hay thaD bands oI fertilizer placed l0
inches apart. In the absence ot Jertilizer small decreas€s in yields of grass
were c:rusd by cutting tlooves. The advantages of an equal supply oI
nutrients to all the plants iD atl establish€d sward, obtained by broadca-'ting
fertilizers, outweighs any disadvantage Irom confining the application to the
soil surface.

Two expe ments on Iucerne io 1950-51 tave similar resulb tor broadcast
aDd placed ,ertilizer in the se€dbed.

Itr a luceme experiment laid down itr spriDg 1952, a " starter-dose " of
superphosphate drilled directly beneath the seed tave much better early grolltb
and higher yields of lucerne than ary o{ the dressings oI broadcast phosphatc
atrd potash.

There is no cas€ for introducitrg special equipaent to plac€ fertilizer itr
batrds below tbe surlace of established swards. For establishitrg lucerne and
otber ley crops, where IertilizeE may be applied at or b€Iore sowinS, there are
no advantages from usiog special drills to place the full dressiot of fertilizer
at a sale distance to the side of the seed. \Yhere coBbine-&ills are used lor
sowing herbage crops they should be Bodiied to place a small quantity oI
superphosphate directly beneath the seed, and the reEainder of the fertilizer
should be broadcast belore sowinS.

20. CRowrHER, E. trI. & BENZTAN, B. (f953). Nutrition problems in
forest nurseries. Summary report on 196l experiments. Foi.
Comm. Rep- on For. Res., l95l -62, 94.

Antrual report on inr'estigations revie$'ed in the Rothamsted Report for
1951, p. 41.

21. CRowrrER, E. M., WARREN, R. G. & CooxE, G. \v. (f063). The
agricultural value of alternative phosphate fertilizers (other tlau
silicophosphate) Part II. Field experinents. Minisrry oI &alPty,
Pelrnanenl Records of Res.a/ch and Deoclo?rnent. Mofiogrd?h ll,
109.

The work described was initiated in 1940 by the Cotrkoller ol CheBical
R€search aBd Developeetrt, Irtinistry oI Supply, as a getreral iovestigation
oI phosphate fertilizerc made *ithout the us€ ot sulphuric acid.

A la€e variety ol phosphate Iertilizem were tested against standard
materials i! trcenhouse pot experiments, atrd the Bote proBisilt new ,naterials
were compared in feld experifients on arable crops and oD grass with eitber
superphosphate or with Bessemer basic slag.

Of several mineral phosphates Gafsa was the most successful for all crops i

Florida mineral phosphate was of little value for aDy crop. The better
mineral phosphates wheu applied Ior sFedes were equivalent to superphosphate
supplying from one.half to threequarte$ as much pbospborus. The experi-
h€nts demonstrated that mineral phosphates are satislactory oDly oD vert
acid soils (below pH 5.5); theit use should be testticted generally to areas
itr the Dorth atrd uest, 'where swedes, turdps aDd Srass are important crops.
MiDeral phosphates a.re of little value for potatoes.

Mixtures of supe4)bosphate with mineral phosphate gave disappoiDting
results, and were geDerally o, very little Eore value than the dinelal phos-
phates Irom which they were made.

Other expedments sbowed that it may not be aecessary to grind mioeral
phosphates as 6De as is custodary,

Mixtur6 oI superphosphates with low-grade basic sla8, with liBe aod $.ith
seq)entine generally gave lower yields thaD equivalent superphosphate.
Theie l,as no evidence to justify the additional cost oI preparitrt such basic
superphosphates.

Experiments on svedes and grass with diferent types of basic slag coo-
firmed that the 2 per cent citric acid test difierentiates satis{actorily b€tweeE
ihe more-active and less-active basic slags.

B€ssemer tasic slag Bave ils best results for establishing res€eded grass otr
lery acid soils. For swedes and potatoes it was less e6cieDt than suller.
phosphate. Triple sup€rpbosphate and ordinarv superpbosphate SaYe

N
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siBilar yields oI $redes and potatoes. Yields o{ swedes Siven by calciud
Eetaph6sphate were equal to tbos€ ftoE superPho*hate suPPlying half the
quatrtity o, Phospborus.- wtrere arable e4)erimeats were cotrtinud Ior Dore thao one year the
efiects oI aU fertilizers itr the s€cond year wtre small, aDd there yere tro cleel
difiereaces Mween the tesidual values of sulrcrphosphate and oI tbe otic(
,ertilizers tested. The difieretrces itr growth oI grass prcduced by difi€rent
plroq)hate Iertilize6 became sdaller whea the observations were cotrtinued
ovet 6everal s€asons,

22. RrcKsoN, l. B. (1953). Surface properties oI some calcium
phosphates. Proc. O*fotd I solo,es T.chnique Conl., 196l,L,4ll.

A! accoutrt of prcliEiDary experimeats otr isotopic exchange with PrePara-
tions of calciuD phoq)hates, distitrsuishiDg raPid aad slow rcactioDs.

Pedology Department

23. BLooMFTELD, C. (1953-64). A study of podzotization.
(a) Part l. The mobilizatioD of irotr and alumiduE byScots

pi.De needles. l. So;l Sci.,l, 5.
ftf Parr 2. The mobilizatior oI iron aud aluEirdum by the' 'leaves aod bark oI Agathis aBhalis (Ka,nril J. Soil Sci.,4,

l7'
(c) Part 3. The mobilizatioE of iron atrd alumitium by the' leaves and bark ol Daclydiuri cupressizzz (fumu). ;1. Soil

Soi.,6,39.
An account of tbe ability oI sterile aqueous exhacts of the IeaI aDd bark

material to dissolve hydrous ferric aDd aluminium orides. Ferric'iroo is
reduced to the ferrous state, aDd although the extetrt oI solotion_reductiotr
is de$eased by raisitrS the pH aDd by aeratioD, the reaction still proceeds
uDder lully aeiobic conditions at pH 7.5. EvideDce is Siven ror the comPlex
nature of ihe lerrous and alumiDium reactioD Products.

24. BLooMFTBLD, C. (f954). Part 4. The mobilization of iron and
a.lumirium by picked and fallen larch needles. ,/. SoiI Sci., 6, 46.

A comparison oI the properties oI its Picked atrd fallen treedles. ODIy
quatrtitati\'e differeDc€s were lound. Tbe falleD Deedles aPpear to be Eore
active in dissoh.iDg tbe hydrous oxides.

25. BLooMFTELD, C. (1963). Part 5. The mobilization of iron and
aluminium by ash and aspen leaves. J. Soil Sci.,6,60.

The ability of water extracts of IalleD aspen leaves to dissolve the hydrous
sesquioxides is only slisbtly decrea^sed by rtising the PH Irom., 6 to over 7.

Thi; is in agreematrt with the frequently obs€rved alkaliDe reaction of the
podzolic Rrey-wooded soits, which are forEed uoder a predoEitranuy asP€n
tover. Extiacts oI ash leaves have a smatlet but appr€ciable solution efiect,
deElite the lact ttrat the ash is rrot howtr to possess any Podzolizint ProPerties
in the field,

26. BLooMFIELD, C. (1963). Sesquioxide immobilization- and clal'
movemeot irtr podzblized soils. 'Nature, Lond., 1953, 172, 958.

The rerous and alumioium reactioo Products of the solution of {erric
and aluaidum oxides are skongly sorb€d oD soil colloids. It is suggested
that this piocess is responsible ,oithe formation of the B hoiizon oI Podzotized
soils.

I-eaI leachates have beetr {ound to deiocculate clay susPensiotrs, both
kaoliBite and EotrtmorilloEite.

2?. BRowN, G. (1953). The occurreDce of lepidocrocite ia sorae
British soils. I - Soil Sci., 4,220.

kpidocrocite oI pedological origin in Sleyed soits ol North-\a est En8land and
North Wales appears to be resPonsible for tbe orange mottling $'hich is often
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IouEd in the€€ soils. Peroxidatio! of surface soils is shown to give qlcium
oxalate trihydrate. A Eethod of diEeretrtiatiDg lepidocrocite, boebsite and
c4lciuo oxalate trihydrate, all or'$hicb give a stroDg refectioD at 6.2 A, is
given.

28. BRowx, G. (1053t. A semi-micro Detlod for tbe DreDaratior o,
soil clays Ior'X-ray diftaction studies. l - Soil S.i-: 4,i25.

A Eethod whereby the clay froE small amounts of soil caa be quicllv
prepared Ior study by X-raydifiraction methods by using Perspex cenirifuge
tubes to make orieDted aggregates. lt is poiDted out that ior ao -understandiig
ol aoil proc€ss€s tbe soil must b€ studied in greater detail thaD the usuat bulI
horizon saEples.

29. ERowN, G. (1053). The dioctahedral analogue oI vermiculite.
Clay Mit. 8ll,11.,2, 64.

For suemarJr see report.

30. BRowN, G. (1964). Soil rnorpbology and mineralogy. A quali-
t_ahle +udy of some gleyed soils from North-west Etrgtand.
,J. Soi, S6i., 6, I45.

For suEmayy s6e report.

31. BRowN, G, & SMrrusoN, F. (1953), Distribution of dickite iD
soEe British sandstones. N a,urc, Lond., 172, 317.

A well-crystaUized mineral of the kaolin group bas beetr foutrd in soae
British sandstoDes, aDd s€lected samples weresho-wn to be dickite by X-rav
difiraction. Tbe saodstones where dickite has beetr louDd are I-orier Car-
boliferous, CaemarvoDshire, Millstone Grit, Anglesey aad Yortshie and
Middle Jurassic, YorLshire. Where well-Iorm6d ci-lstals are oba€rved
Eicroscopically there is usually evidence oI alteratiotr of;ther lninerals.

32. BurLER, J. R. (1963). The geochemistry and mineralogv of rock
weatheriag. (l) The Lizard- area, Corni{dl. GeochimlLt cosmo-
chin - Acaa, 4. 167 .

The Comish rocks: (i) adamellite; (ii) graoodiorite-sneiss: (iii) sabbro-
and (iv) tremolite-se4)entiDe are described, together with their'wa:a-theriDe
products- Illite aDd kaolin are preseot in all the clays derived lrom thi
rocks by reatberiDg, but cblorite atrd vemiculite are less widespread. and
talc and EoDtmorillonoid occur in oDe clay oDly. Both mineraloiicauy aDd
chemically lhe cl,ays resemble each other Eore thaD do the rocks.- Thl r6te
of the minor elemeDts in the rocks, mioerals atrd clays is discussed.

33. BurLER, J. R. (1954). Trace eleEent distributioB ir soEe
Larcashile soils. J. Sor, Sd., 6, f 66.

Variations in tbe conceDtratioa of tb€ elelneDls B. Be. Co. Cr. Cu. Fe. ca
Ge, I-a, Li, Mn, Mo, Ni, Pb, Rb, SD, Sr, V, Yt aDd Zr-io proites,if lt.aa<i* oi
Cley soils atrd a Broso Earth are discuss€d. IrIn varies +raticallv. Sn and pb
inclas€d markedly {rom the base to the surlaEe of tbe profile and aU tbe
other eleEetrts itrcrease \r ith depth.

34. BurLER, J. R. (1953). Geochemical amEities of some coals lrom
Svalbard. Nozsi PoJarirr-tl. Sh/-, 96.

An attempt is Eade to decide whether or not elemetrt dishibutiotr on ash
or coal basis in a particular coal seaB is suficiently distinctive to elable it to
b€ correlated in difierent localities and distinguished from atrother aeaE.

The boron contenb of the coals studied iere similar; in ash-poo! coals
boror r€ached I per ceot in the ash.

35. GoLDscHMrDr, V. M. (lgef). ffuik:) Gcothcaisrlr. edited bv
A. MurR (Oxford: Claretrdon Press).
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36. GREENE-KELLY, R. (1953). Idertiflcation of montmodllonoids
in clays. Jf. Soi, Sri., {, 253.

The dificulties wbich occur wheo ideDtifying the members of the rDont-
morillonoid gioup in clays are discussed. Tbe Iithium saturation and heating
test is showr to distintuish betweetr the dioctehedral members oI the 8rouP,
atrd its use is illustrated by several examples.

37. GREENE-KELLY, R. (1953). Irreversible dehydration itr mont-
morillonite. Par1. 2. Clay Mitt- Bnll.,2, 52.

The efiect of preheatiog to 200' C. on the montmorillo[oids de4onstrated
that dontmorillolrite alone showed anoaalous loss oI interlaEellar expaosion
to glycerol after beating. This loss of expanding Po*er oacDrred orly when
montmorillotrite was saturated with small cations, Ior example lithium and
Dagnesium. These observations are discuss€d with reference to the idea of
catioo mi8ratio[ iato the vacant octahedral positions oI the silicate sheet.

38. GREEND-KELLY, R. (1953). IDterpretation oI D,T.A. diagiams:
the low temperatule peak- Clay Min. Bull-,2, i9.

The low-temperature endotbermic Peak obtained dudng the D-T.A. oI
moDtmorilloDoida oftetr shows t\r.o maxima if the excbange cations are lithium
or are divaleDt. ln contrast, if the catioDs are sodium or potassium the peak
appears to be simple. Expedmental $'ork is desclibed which suSSesJs that
this diference is a ratural mnselluence of the Iact that montmorillonoids
possess aa expandiflg lattice.

39. ltrurR, A. (1953). ViDeyard Soils in England. lln : Vineyards it
Etglaat. EdiLed by E, Hyams. l-oodon: Faber & Faber Lld.i

A discussion of the distribution oI mediaeval vircyards in Elgland in
relatioD to soil t]'pe with comparisons of cootitreatal vinegto\ving areas.

40. STEpHEN, I. (f953). A petrogaphic study o{ a tropical black
earth aDd grey earth lrom the Gold Coast. J. Soil Sci.,4,2ll.

A comparative study oI tso proEles derived from ,eldspar-quartz-schist
atrd hornbilende-garDet-gneiss of the Archaean ComPIex near Accra, Gold
Coast, has shown the influence oI the Parent rock itr determidng the character
of tbe derived soil. The basic gneiss vreathers to Sive a ssDdy clay soil
characterized mineraloSically by quartz-8artret saDd and montmorillonitic
clay. Tbe acid scbist !i"es"a {uaitr"se sandy soil with smaller amounts of
clay comprising both kaolin and montmorilloDite.

Soil Mlcrobioloty Department

41. BRouFIELD, S. M. (1953). SulPhate reductioD itr Partially
sterilized soil exposed to air. J. gen. Microbiol.,8, 318.

H.S sas evolved f.om soil treated witb CCl. when EoisteDed witb sucros.
and (:\H,).So. solution and iEcubated aerobically HrS {ormation took place
wfrei ttrd $it moisture was less thaD freld capacity, and over a range ol PH
values from 5 to 8. Tbe orSanism respoDsible \aas isolated aod identified as
Bacillus ,flllat./iurrr. Several strains of this organisE reduced sulPhate in
*ell-aerated-sterilized soil aDd liquid media, but not ia soil or liquid incubated
aaaerobically.

The acti6n of CCl, in fresh soil is lo cbeck or destroy certain fungi and bac-
teria which Dormelliinhibit sulphate reduction by B. fi?Eotcrittrn. me ol
g5*. 6rqan15m5 weri isolated and sbown to be s€Dsitive to CCl. aDd to )nhrbit
sutDhat; reduction by B. m"earerium in sterilized soil. Tbe isolates did not
exf,,ibit atrtrbiotic actioD when Srown ifl certaiD defined media.

42. KrEczKowsKI, I., & KLEczRowsKr. A. (1953). The behaviour of
Rhizobium baateriopbages during and after exposure to ultra-
violet radiation. J. g?rr- Miclofiol.8, 135.

AIter inactivation by ultfa-violet radiation, particles ol l\''to Rhirobilrrrt
bacterioDhap€ itrterferdd temporarily witb the multiplicatioD ot active
particle! oflhe homoloSons Phage, itr liquid cultures of their resPective host
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bacteria. Itractivated particles did not afiect the number of plaques p.d.uced
by active particles in bicterial cultures otr agar.

No evidelce was {ouDd that particles that were itractive singly became
active whetr two or roore oI them itrfected the same bactedal cell. - '

The rate of iDactivatioD apFoxiaated closely to that of a irst-order
reaction. ExposiDg inlected bacteria to visible light increas€d the residual
activiti€s o, iradiated phage preparatioEs by aBouDts equivaleDt to decreas-
ing tbe doses of ultra-violet irradiation by a constant factor. Exposing
either tbe irradiated phage preparatiotrs or the bacterial cultures sepa}ateli
to visible ligbt had no eflect.- -

Those ultra-violet-iradiated phage particles which remained active rllere
so altered that they became rclatively unstable.

43. KLEczKowsKr, J. & KLEczRowsKr, A. (1952). Efiect of specifc
polysaccharides lrom tbe bost bacteria ahd of ribonuclease 6n tbe
multiplication ot rhizobium phages- J- ger.. Microbiol.,7, 34O.

Tso serolosically unrelated straiDs of Dodule bacteria produced t$.o difler-
eot polysaccharides, only one oI whicb precipitated with antis€rum to its
paretrt bacteriund. Both polysaccharides iDterfered irith the multrplicatioa
ol two bacteriophages iE llquid cultures of tbe two bacterial straiDs, each of
whicb vas susceptible to otrly one o{ the two bacteriopbages. ODe poiv-
saccha de was sli8htly more efiective than the otber rD inttr6ins with mulii-
plicatioD of both bacteriophages; one phage was much more susclptible tbaD
the other to the interfering action of both polysaccharldes. Crystallized
patrcreatic dbonuclease interfered with Euttiplication of bacteiiopbages
much more strongly tbatr did the polysaccharides. Neitber the polysac-
charides nor ribonuclease destroyed the phage particles.

44, KlEcz(owsKr, J. & KLEczKowsKr, A. (195{). A study of the
mechanism of inhibition of bacteriophage multiplication by
chymotrypsin. J. gen. TIiclobiol.,10. lln the press.l

Wlen 0.01 per cent chymotr]?sin is added to mixturcs of Rhizob;utn
bacteriophage and bacteii,a in liquid cultures, the multiplication of phage is
prevented, aDd the phage Sradually tecofires iDactiwe. The tate anil eitent
to which phage and bacteria combine are unafiected by the chymotr]?sin,
wbos€ efiect saems directed against an early stage in tld interaction beliveeo
the two. This stage peEists, on an average, foi less than I minute Irom the
mornent of combinatioD. A pbage particle coBbined with a bacterium trecomes
inactive, and the bacteriuE is thus protected agaitrst lysis and remains able
to multiply- Chyootrypsia do€s ,lot inted€re with combiDatioo betneetr
pbage and bacteria killed by ultra-violet radiation; the coEbiDatiotr leads
to loss oI phage activity, irrespective of the preseDce of chymotl]?siD. The
multiplication oI the phage is uDaffected by previous incubation of either
the phage or of the host bacteria separately wilh 0 01 per cent chymotr,?sin.

Chymotr)?sin has no efiect otr phage-host interactlon in an alar medium.

45. METKLEJoHN, J. (1953). Microbiological aspects of soil nitri.6ca-
tion, with special refereDce to the KawaDdt Nitrate Experiment.
E. Alt. agric. J.,19,54.

In the nitrate accurrulatioD experiment at Ka*.anda, Uganda, it has been
observed that more nitrate accuaulated in fauow soil exposed to the sull
tban in Iallou. soil shaded lrom the sutr or covered with a grass mulch. Cultures
of autotrophic nitrifying bacteria *.ere obtained ,rom the surface soil of Iallo\t
plots treated irl all three ways; but, contrary to expectation, the teast-
vigorous cultures were obtained Irom the e4)osed soil, vrhere the rDost nitrate
had accumulated. The nihilyiDg bacteria obteircd from the exposed fallow
were not thermophilic; and all the nitrifying culturcs grenr bette;in a neutral
Bedium than in an acid oDe, although the pH o{ the suitac€ soil was 4.6-5.0.

46. IIETKLEJoHN, J. (1953). The eftect of bush burning on tbe
microflora of soae Kenya soils. 6th Inf. Congr. Micrcbi;t.,Romc,
Sept.

The burning o, shrubs, utrdergro$4h aDd gi"a-cs, in order to clear the tand
for plartiog, is a very widespread iarmiDt praciice in tbe tropics, but s.ientific-
ally it has been very little studied. In the pres€nt work thi microflora o{ the
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sur{ace soil froE tbree sites at trIuguga, Kenya, u'as studied before and after
bu.ning. Two of the soils had carried Black Wattle \Acacia dc rrensl
atrd a light undergro\rth o{ sEall shrubs; the third x.as a! abaodoDcd A{ricitr
cultivatioo site, wbich had carried rough grass for tlr'o yea6.

ID all three sites bumitrt caused atr immediate reduction in the trumb€ls
in the top inch oI soil of microfungi, actinomycetes and bacteria. The.e
was also evidence that Ditrifyint bacteria, and both aerobic and unaerobic
{ree-livint nitrogen-6xers, were killed by burning the grass and shrubs above
the soil.

47. lIErKLEroEN, l. (1953). LiIe in the Soil. Ptoc- Nai/obi sci. and
Philos. Soc.

.18. RE.{D, }l. P. (1953). The establisbment of s€rologically identi-
6able strairs of 1?iizobium lrifolii in field soils in competition \rilh
the native microflora. J.ge;. Microbiol.,9, l.

Field tlials II€re made at thirteen centres in varied localities to test whether
a stain oI clover Rri?oDirz used as a seed inoculum in the freld could establish
itsel{ in the crop in coEpetition '\r'ith the Eative straitrs already preseflt in the
soil. Each experimeDt comprised four s€ts of quadruplicate plots, oDe un-
inocuLeted and the other three each so\r'n $ ith seed inoculated n_ith a difleretrt
si:ain ol RhizolriunL.

The dimculty itr ideatifying a strain re-isolated from a nodule \Ias Eet by
using as inocula strains whos€ antigenic compositiotr made them readily
idetrtifiable by a8BlutiDation tests. FroE each plot twenty-fve nodul€s
*ere selected, aod isolates from these tested against selected antisera. Tbis
method oI identincatioD eBabled 1be percetrtaSe of nodules produced by each
inoculant straiD to be ascertained. Strains difiered in their ability ro estab-.
lish thedselves in the ield ; a suitable stl-eio tave ris€ to 50 per cent o. more
oI the nodules. In satrd culture coElletition betw€en pairs oI inoculant
straitrs was not lelated to their ability to establish themselves in the field,
but each straitr whose establishmeDt sas superior also sho*ed coEpetitive
dominance on at least one date of saEpliog.

49. SKINNER, F. A. (f953). Inhibition of Fusariurn culrnor*m by
Slle?tornyccs albidofaous- Nalu/e, Lonrt., 172, llSl.

Slr.Utofiyccs alhdofattus arredted the growth of Frsarirr, ctlfioflrn by
antibiotic seqetions ia agar Dedia contaiDiDs I0 8. glucose per litre. On
media with lower glucos€ contents the {ungus coDtinued to grow towards the
actinoEycete, but there was er.idence that traces of antibiotic Baterial B'ere
formed by the latter. Both organisms Srew on a variety of natural organic
materials supported oD bufiered agar, but fun8al gro\*{b $'as arrested at a dis-
tance from the actitromycete oDly wben dried grass was used as source of Dutri-
etrts. Filtrates of liquid cultures of the actinomycete contained a substance
irhibitory to Biowth oi F. culrnorun, b\t this could b€ inactiyated by additions
of beDtonite, other clays, whole soils aad organic matter. In sand moisteDed
vith tiquid EediuE containing 8luco6€ the actinomycete limited $o*th of the
fuDgus by antibiotic action, by a direct attacL on the fungal Eycelium and
by cobpetitioo for the available Dutrients. Tbe efiectiretress of all these
antagonistic mechanisms $as reduced *heD the glucos€ concentration raas
los'ered. Antibiolic and direct-attack phenomena could not be detected shen
bentonite \sas added to the cultures. Neither antibiotic attack nor direct
attack on the fuDgus could be derlotrstrated in sterile soil, tbough there
lxas evideoce of coDpetition bet\r'een the organisms Ior trutrients or space.

50. THoR} roN, H. G. & S(INNER, F. A. (1953). The interaction oI
actinomycetes with other micro-organisms in soil. 6r, 1rr-
Congr. Microbiol. Symposium tn Adiiomyelales, 174.

The antagonisB displayed by many soil actitromycetes aSainst other
micro-organisms, particularly bacteria and Iun8i, in artifcial culture and in
soil, is discussed in this review paper. Particular attention is paid to the
complexity of tbe itrteractioos betseetr these micro-organisms io soil atrd to
the possible importance of antibiolic production, competition for nutrietrts
atrd the presence of s.il colloids.
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51. WALI<ER, N, (f 954). Preliminary obsqvatioDs on the decod-
position ot chloropheDols in soil. Plan €, Soil,6. (ID the press.)

It has been showtr that o-chlorophenol i5 Euch less persistelt in soil thaa
,thlorophenol or 2 : 4-dichlorophenol and that the decompositioa of o-
chlorophenol in soil is a biologicat Focess. There is evideoce tbat r-chloro.
pheBoxyacetic acid is subject to bioloSical decompositiot in soil.

62. WALXER, N. & WrLrsBrRE, G. H. (1953). The decomposition of
naphthalene and c-chloro- and c-bromo-naphthalenes by soil
bacteria. 6r, Inl- Congr. Microbiol., Riassutrti delle CommuDica-
ziotri, 1, 175.

A straitr of a raphthalene-utilizing bacterium will Srow with either a-
chlolonaphthalene or o-broEonaphthalene as carbon source. 3-Choro-
salicylic acid aad a chloronapbthaleDe diol have been isolated froE cultures
Srown otr a-chloroEapbthalene. Simiterly, in bromoDaphthalene cultures, a
diol ha-s beeD detected, aDd an acid which is probably a bromosalicylic acid has
been islated .

Botany Department
53. HuMpsRrEs, E. C. (1954). Mineral compotrents and ash analysis.

lModztn melhod.s oJ Planl analysis. Fiited by K. Paech and M. V.
Tracey. Section III. Heidelberg: Springer-Verlag. (ln the
press.)

54. TIToRNE, G. N. (1964). Absorption of nitlogen, phosphorus and
potassium from nutrient sprays by leaves. J. exP. Bot.,6. (ln
the press.)

Barley, Brussels-sprout, Frcnch-beatr, tomato aad su8ar-beet plants grown
in soil in pots and sprayed, usually daily, tor several weeks, with nutrient
solutions cotrtailiDg DitrogeD, phospborus, potassium and a q)reeder, with pre-
cautions to prevent the q)rey solutioD falling oD the soil, had higher nutrie[t
coDtetrts and dry weights than control plants sprayed with water and qlreader
only. Increas€ io trutdeDt c,otrtent occurr€d with higb o! low levels of nutrient
supply to the roots, atrd \i'as approximately proportional to the concetrtration
of spray and to the ,rcquency oI sp.aying.

The qitrogetr content oI suSar-beet plaots 1,as increased equally by spray-
in8 witlt solutioDs supplyiDg aDEoniuD sulphate, calcium nitrate or urea
io equivalent coacerh-atioDs.

Nutrient uptake lrom solutions sprayed otr leav6 influenced Dptake by
the roots, so that the additional amounts olrutdent contained itr sprayed
plants eay be treater or smaller than the aDount absolM {rom the spray by
thc leaves.

55. THURsroN, J. M. (1954). The biological approach to the problem
of wild oats control. Proc. Blil. Wccd Control ConJ-, 1953. (In
the press.)

Present knowledge o{ the biology ol wild oats, based oo experiments atrd
obscrvations in Great BritaiD aEd abroad, is suEmarized, and its relation to
control measures is discuss€d.

58. 'WARTNGToN, K. (1950). Work on trace elements in England,
Scotland and lreland. Proc- Soir. Ser. Soc. Fr., 10, l8l.

A review of inv€stigations carried out in Great Britain from 1896 to 1950,
contributed to a s]rDposiuB oD txace ele&etlts.

;7. WARTNGToN, K. (f954). The influence of iron supply oa toxic
efiects of mangatrese, molybdeDum and vanadium on soybean,
peas and flax. Ann. aPPl. Biol.,4l, l-

Reduction of tbe standard iron sulDly itr the autrient solEtion accentuated
the toxicity ol 2.6 or 6 p.p.rrl. vatradiur! to soybean aDd flax, but injory ,roB
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high manganese (10 p.p.6.), molyMetruE (ao p.p.m.) or vanadiuE (9.5
p.p.E.) vras counteracted by i[creasing the ircn to 20 or 30 p.p.m. Fe. The
range o, conceDtrations tested varied with the cioP, the lowest levels beinS
1.25,2.5 or 5-0 p.p.m. Fe for peas, soybean and 6ax rcspectively. Ferric
citrate $'as the source of iron. Veryint the iron supply had little ef€ct on
Srowth when the concentration of the three elemetrts was low. lvhere in-
qeased iron had reduced the chlorcsis caus€d by high Daflganese or vanadium,
it also reduced the amount o{ these elements itr the shoot, but the molybdeDum
conteDt $as lowered by hiSh irofl oDly when given in tron-toxic concentration
(0.1 p.p.m. trlo) combiDed'lrith excess Erantanese.

The iroE cotrtent of the shoot rras scarcely afiecterl by variation in the
amount oI irotr supplied, but was geaera.lly reduced by hi8h concefilrdtio i of
manganese, molyHenum or vanadium.

58. w-{TsoN, D. J. (1953). Reseaxch on virus diseases of sugar beet.
Blir. Sug. Beet Reu., 8, 27.

59. WArsoN, D. J. (1954). Measurement oI photosynthesis in field
conditions, atd The physiological limitations of crop yield and the
possibilities of increasiu8 it. Lardbouwh. T ij d,schr.,'s-Grat., 66.
(In the press.)

Text oI two lectures on tbe results o, growth-analysis studied on feld crcps
given il a cou$e on photosynthesis at the University oI waSeningen.

Biochemistry Department

GENERAL PAPERS

60. hRrE, N. 
.w. (1962). I-arge scale production of edible protein lrom

Iresh leaves. Rzp- Roth4rrrsted erp. Sr4., 1052, 173.

61. PrRrE, N. W. (f953). The emcient use of sunlight for food pro-
drction, Ch.rn. 6 Ind.., 443.

02. hRrE, N. W. (f 953). Research for PleDty. No. 8, New foods Ior a
crowded world. Aglicullule, Lond.,8{r, 116; and reprint by Bles.

63. PrRrE, N. W. (1953). Ideas and assumptions about the origir of
Life. Discovely, L4, 238 ; and in the lirerary Gr.idc, Jannary 1954.

64. PtRrE, N. 1\'. (1953). Cellulase as a subject for q)ecuLation atrd
commercial eDterprise. Biocfum. Soc. Syrnt., ll, 51.

66. PrRrE, N. W. (f953). Some host compoDetrts that affect yiruses
during isolation. In symlrcsium " Ilteractior! of virltsqs and cells,"
Rome, 1953.

66. TRAcEy, M, V. (f953). Cellulases. Biochem. Soc, Syrr.P.,D,,49.
A survey of the present state of ktrovledge of cellulases. Emph&sis is laid

on the importance of the iBsoluble rature of cellulos€ in interpretiDg the
action and hyd.rory{ic properties oI the enzymes. Relerence is also Eade to
similar prolrrties oI cbitinas€s.

Rrseltcu Pepprs
G7. HoLDEN, M. (1953). A comparisou of tbe applicability to plant

esracts of three methods of deterrDining deoxFibotrucleic acid.
Analyst,7E, 642.

The diphenylaErine Eethod (Dische, 1930) and a aodifcation of the
tr]'ptophan-perchloric acid method oi Cohen (1944) have been Joutrd to be
satislactory for detelBir ng deox)'ribonucleic acid io extiacts lrom plant
tissues. The cysteiae-sulphuric acid tnethod (StuEpf, 1947) has given
erratic results. A number of substaaces, some ot which are litely to be
presetrt in plant extracts, have been tested under the coDditions oI the three
Eethods.
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68. KENTEN, R. H. (f953). The oxidation of phenylacetaldehyde by
plant saps. Biochent, 1., $, 150.

l. Many plant saps oxidize phenylacetaldehyde. The system iu pea-
seedliDg sap consists of a therEolabile factor which appears to be a peroxidase
and a thermostable factor which can be parlialy replaced by Danganous iorls.
A system pith similar properties to that itr the pea-seedling 6ap can Lre con-
structed usilg horseradish peroxidase preparatiotrs and manganous ions.

2. The oxidatiotr wheo catalys€d by either pea-seedlitrg sap or hors€radish
p€roxidas€ and DaDganous ions procds with the ,ormation of ben?-aldehyde
and formic acid.

69. KENaEN, R. H. & IIe^-x, P. J. G. (1953). The oxidation ot certai[
dicarboxylic acids by peroxidase systems in the presence of
mangaDese. Biochetu- J.,8, 4ga-

l. The oxidation oI oxalate, oxaloacetate, ketomalonate and dihydroxy-
tartrate by oxygen is catalysed by peroxidase s,'stems in the presence oI Mtr2'.

2. It is suggested that these oxidatiols and that of dihy&oxymaleate in
pres€nce oI peroxidase systeds atrd Mtr2+ involves the oxidation oI Itlnt+.

?0. hRrE, N, 
,w. (1954). The fission of tobacco mosaic virus and some

other nucleoproteins by strontium nittate. Biochen- J., 60, 83.
Tobacco aosaic virus is q)lit at rooB teEp€taturc irlto deDaturcd prctein

and lree trucleic acid by solutioDs of stroDtiuro Iritrate more cotrcentrated than
lM.

Other nucleoproteins are less asily q)lit in this way, and other related salts
are not so eficient as strontium tritrate.

Nucleic acid is decoDpos€d by more i[tease treatDent.

71. SMTTHIES, W. R. (1953), The lysing action of etrzymes on a
sample oI mycelium oI Penicilliurn gtiseofubum Dierckx. Bio-
chem. t.,6,346.

l. Air-dried mycelium o, Penicilliurt griseojulu*m wa-s subjected to
autolysis. Tbe suspeaded Datter in the 6nal product contained 16 per ceot of
the odginal protein, 6 per ceDt oI the carbohydrate and 60 per cetrt of the
chitiD, The solution contaiDed dispers€d proteitr and carbohydlate, but no
a-amino acids or reducitrg sugar.

2. Airi ed mycalium alter two to three years'storage wasautolysed. The
suspended material contained 39 pei cent of the original protein, 7 per ceot of
the carbohydrate aDd 70 per ce[t of the chitia. The solution contaiDed amino
acids reducinS sugar aDd N-acetylgluco6amine.

3. Th€ proteas€ oI tbe myceliud is stable to storaSe. lluch polysaccharide-
splittinS and chitinase activity is lost otr drying, but so6e oI the rc.idual
activity remains a{ter three yeers. Such stored mycelium contaiNa very weak
glucose oxidase, but oo d-amiDo-acid oxidase, whicb was presumably veryactive
io the Iresh dry mycelium.

4. Little change t!,kes place itr the compositiotr of the oyceliuB o! storage,
except for a sligbt bydrclysis or protein.

5. 10-15 per cent of the mycelium proteiD resists digestion with ploteases ;
10-25 per ceDt of tbe carbohydrate and about l0 per cent ol the chitiD resists
digestioD with juice from the alimentary lract of snails.

72. WALRER, N. & WrLrsErRE, H. (f953). The decooposition of
naphthalene and .!-chloro- a[d a-bromo-Daphthalenes by soil
bacteria. Prcc. 6,h Inl. Congr. Microbiol.,l, 176.

For sudEarjr se€ No. 62.

73. WrLrsr.rRE, G. H. (1953). The optical form of glutamic acid in
tumouls. B/il. Jf. Can er,?,l!7.

Oae [ormal tissue and four tuDouls $ere analysed Ior isomers of glutanic
acid by methods applied to purified proteids. The percentage of D-glutamic
acid toutrd was in aU cases very small, aDd not more tban lllould be formed by
the inve$io[ of tb€ L-isoae! during hydrolysis.
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74. 'WrLrsErRE, G. H. (1953). The estimation oI D- and L-glutamic
a.id itr proteins. Biotheu. J -, &, 46-

Total glutamic acid 1ras estimated by amitro-Ditro8en analysis after
separation lrctn other aErino acids on buffered iotr-exchange coluftDs. The
carbon dioxide lelea-sed by etrzyEic de(arboxylation of tbe L-isomer was
measured manometrically. Five per cent oI L-isomer $as produced trom L-
tlutadic acid under the cotrditioss o{ acid hy&olysis and subsequent analysis.

D-Glutamic acid in excess oI that estiuated to be formed by iuversiotr w.Ls
found ia hydrol)'sates o, proteiN which had be€n treated with dilute alkali, aod
in the cells ol Lactobacillrs .assi, but not in ,our purified plaDt and animal
proteins or in tobacco mosaic virus protein.

75. WILrssrRE, G. H. (f953). The oxidatiotr ot tryptophatr in pea-
seedling tissues and extraqts. Biocherr.. 

"I., 55, 408.
The oxidatioo ol lryptophao in tissue slices and extracts ftom pea seedlings

was accelerated by addition of certain aEines, which are concurrently oxidized
Ivith productio[ oI hydrogel peroxide. In the extract a compound having
some oI the properties of 3-hydroxykyDulenitre was formed. The reaction of
one molecule of tiFtophatr witb two molecules of hydrogen peroxide l.as
catalysed by peroxidase, both ia pu ied extracts aDd in model systeos
employitlg peloxide-donating enzymes and purifed peroxidases.

76. (BoyLAND, E.) & .wrl.rsrnRr, G. H. (f953). Iletabolism of
polycyclic compoutrds. The melabolism o[ naphthaleDe, l-
naphthol aqd I : 2-dihydroxy-l : l-dihydroaaphthaleDe by animals.
Biochem. J., 58, 638-

Repeated dos€s oI traphthalene to dale rats resulted in atr iDcreased prc-
portion excreted as naphthalene diol and a decreas€d proportioo excreted as
Slucuronide.

Plant Patbology Department
GENERA! PAPERS

BAWDEN, F. C. (1963). The coEtrol of ptant diseases. lD. R.scarch
lor Plenty- I-ondon: Geofirey Bles. p.35.

BAII'DEN, F. C. (1963). The idtiatiou and development oI virus
i[fectiori. S]rrrosiurn, Islituta SuPeliore di Sdnila, Rornc,6li Int.
Congr. Microfiol.

BRoaDBENT, L. (f962). The epidemiology of aphid-bone virus
diseases. fiazs. glh In. ConCr- Ent-1,6lS-
BRoADBENT, L. (1953)- Aphid control to combat lettuce Dosaic-
Grouer, q, 774.

BRoADBENT, L. (1953). Aphids ald vilus diseases in potato crops.
Biol. Re!.,8,35o.
GLYNNE, MARY D. (f953). \\rheat yield atrd soil-borDe dis€ases.
Art. afpl. Biol-, fi,221.
CLYNNE, MARY D. (1953). Lower seed rates to save lodging.
Tirn s agric. Ra?., Autumn 1953.

GREGoRY, P. H. (1953). The fungi of Hertlordshire : SuppleDeDt
l. Ttars. Hctls. Nat. Hist. Soc., U,. 38-

HULL, R. (1953). Assessmetrt ol diseas€ incidence iD the sugar-
b€et crop. Ann. a?pl. Biot.,40, 603.

HULL, R. (1053). Ass€ssaents of losses iD sugar beet due to Virus
Yellows in Great Britaitr 1942-52. Planl Pathology,2,39.

77.

79.

80.

8t.

8r.

83.

8{.

8ri.
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87. SALr, G. A. (1953). A freld experimeDt on vheat inlected uith
eyespot. ,{ r,s. appl. Biol., 40, 224.

RESEARCE PAPERS

88. BAWDEN, F. C., Hlulvx, BRENDA I!I. G. & Wersox, MARIoN A.
(1954). The distribution oI viruses in difiereut leaf tissues and its
influe'oce oo virus-transmission by aphids. Atn. appl. Biol.,4L.

Exposin8 both surfaces oI leaves systemically ialected with cabbage
black litrg spot virus (CBRSV) or with henbane Eo6aic virus to ultra-violet
radiatioD direas€s the itrfectivity o[ expressed sap to about one-fifth. As
irradiaticn probably iDactivates virus only in tbe epidermis, which occuPies
about oDe-quarter the \'olume of the leaves, tbese viruses seem to occur at
much highe; coDcentrations in sap from the epidermis than in sap rroE otber
cetls. By conhast, tobacco mosaic virus seems ,lot to occur predoEinantly
in the eDidermis-

CBITSV aDd heDbane mosaic virus are Dormally tansmitted most fre_
queDtly by previously ,asted aphids that feed lor only short periods on in-
fected leaves, but aphids treated like this transmit rarely from leaves that have
b€etr erposed to ultra-violet. Irradiation has relatively little efiect on the
proportiotr of aphids that transmit after loDg inrection feedings. Fasting
seems to increa-se transEission by increasing the probability that aPhids
will imbibe sap fro6 the epidermis of leaves they nellIy colooize. \ 'ith loD8er
periods oD inG(ted leaves, tbe ability of fasted aPbids to transEit probably
aecreas€s, because th€y then feed from deeper cells and tbeir stylets contain
saD Eith less virus. Only vi.rus contaioed in the stylets s€ems to be trans_
mirted. Dot virus taken into the stomach. About balf the transmissions of
henbane mo6aic virus by aphids that have colonized tobacco leaves for houE
may be caused by iosects that temPorarily cease feeding on the Phloem atrd
ne\ilv Detretrate the eDidermis.

IHdiatins inlecta leaves afiected the traDsmission of sutar_beet mosaic
virus irl the saEe wav as that oI henbaDe Bosaic virus, but had little efiect on
the transmission of Seet yellows virus, $'hose vecto6 become morc likely to
tralsrDit the longer they Ieed on infected plants.

89. BAE'DEN, F. C. & Kesserrs, B. (fS54). Some efiects of thiouracil
on virus-iD{ected plants. J. gen. Microbiol.,10, 16O.

SubEerging leal'es in vater soon after they are itroculated $ith vimses
can prevenl iDfection, atrd for studying Iactors that aflect the rate of vins
multiplication leaves should not be Placed in solutions until a day after
noculation.

The rate at which viruses multiPly in tcbacco leaves is decreased by sPray_
inR with solutioDs of tbiouacil, but less so than by floatin8 leaves in the
soiutions. The physiological state of floated leaves afiects the extent to which
thiouracil impedes virus Eultiplication ; least viius is produced in the presetrce
oI thiouracil when the condition oI leaves otherwis€ most favours virus
formatiotr. Multiplication of virus can be checH at any time by thiouracil,
but is most aflectea when leales contaiD little vins; multiPlication is resumed
$'hen thiouracil is removed. Thiouracil imPedes the multiplication in tobacco
oI all viruses tested, but not of a tobacco necrosis virus in Frcnch b€an or
broad-teatr mottle virus ia Vieia faba.

Whe[ mixed with inocula, thiouracil can prevent infection lrom occurriag,
both in tobacco and French b€an. It also afiects the srorr'th and aPPearance
of both plants- Tbese efiects, unlike the iEP€daoce ot vi,:us multiplication
in tobacao. are trot counteracted by an excess oI uracil. Tobacco leaves in
\*'hich tobacco mosaic virus is multiPl],ing develoP recrotic spots atrd rings
whetr treated with thiouracil, aDd local lesions can t,e made evideDt by sPray'
ing iDoculated leaves. Necrotic lesions also occtt on V. faba infected with
broad-beatr mottle virus atrd treated with thiouracil.

90. BRoADBENT, L, (IS54). The differeut distribution of t\-o brassica
viruses in the plant and its influeEce otr sPread in the field. Ain.
appl. Biol., Sl.

Previous klrowledge did llot expl,ain the Sreater PrevaleDce oI cauliflower
fiosaic than of cabbage black ring sPot virus. Both viruses are spread by
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Mlzus P.?sicae end. Btetiortia brass;ca., a d both are transmitted equally
readily from itrIected seedtitrgs. Cabbage black rin8 spot virus has the wider
host range.

Part ol the difieretrce betweetr the rate at which the two viruses spread
can b€ accounted {or by the difierent matrtrer itr which they are distributed
itr old in{ected pl,atrts. Cauliflower mosaic virus occurs in high coocetrtratioo
iD young leaves of old plaats, whereas cabbage blacl ring spot virus occurs in
quatrtity oDly in the older leaves, where it is localized in parts that show
s]'mptoms. Alter flyin8, Bost aphids alight on the upper parts oI plaDts,
where they are less likely to acquire cabhage black riog spot virus tban cauli-
flower mosaic virus. Io cabbage the otd leaves are more lavourably placed
to catch alighting aphids than in cauliflower, and cabbage crops are olten
ertensivel-v in{ected with cabbate black ring spot virus.

91. BRoADBENT, L. & TrNsLEy, T. W. (1953). Symptoms of cauli-
flower mosaic aDd cabbage black ring spot iu caulifower. Pr4r,
Pathology,2, 88,

The succession o{ symptoms itr plants itrfected with cauliflorr.er mosaic
alld cabbage black ring spot viruses is described, together with 1'ariations
caused by chaDges oI terDperature, light intensity and maDuri[9.

92. (BRoDrE, IIARoLD J.) & Gnrconv, P. H. (f953). The action of
wind !. the dispersal ol spores lrom cup-shatrd plaut structures.
Caiad. J. Bot.,8,.,402.

When sEoke flowed over cotrical Slass fuDoels itr a wind tunnel, two eddv
systems u'ere observed. The 6.st took th€ form of twiD vortices, oDe on eitbei
sid€ oI the median line in the funnel. Each vortex n as srDallest at the narrow-
est part oI the {unnel and widened up$?rds. The secoDd system ln'as a single
permaneDt elliptical eddy near the Iunnel Erouth, The uppe. side of this
eddy moved with the uiDd, the lower against it.

Obs€n'atiotr ot Lyco?odibn spores itr glass vessels oI various sizes and
shapes subjected to winds lan8iDg from 0.6 to 7.1 Detres per second, shorsed
that spores arc blowtr lrom funDel- or e8g-shaped vessels more readily than
froE rectangular ves,s€ls or horizontal glass slides. Lycopodiurn spras werc
not visibly dispersed froE a fuanel with douth 4 cm. diameter at wind speeds
below 3 metres /second.

Sorcdia of the licheo Clulonia \rcre blowtr out of their lunnel-shaped
podetia by wiDds of 1.5-2 metres/second i3.3 .5 3 m.p.h.) although no sore?ia
were blosn from a borizoDtal glass slide at the same wird speeds.

Tbe two eddy systeEs created by wiDd blowlng over finnel-shaped plant
structures are thought to Irc adequate to remove sporeal and bodies of cosr-
parable size. The t\r'in lortices suck spores frcm the bottom ot the lunnel,
and the lotation of the upper elliptical eddy raises the sporcs along the upwind
wall o{ the fDDnel ald ejects theo into the wind above.

This kind of dispelsal could occur in a variety of plants, itrcluding Dis-
comycetes and witrd-pollinated plants.

93. (CRoXALL, H. E., GwyNNE, D. C.) & BRoADBENT, L. (1953).
Turnip Yellow Mosaic in broccoti. PlaN Pathology,2, 122.

Turnip yellow mosaic virus infected EaDy winter cauliflower aDd other
brassica crops in a saall area on tbe coast of North-east Enf,laDd dunDE
1952-53. This outbreak, the irst to te recorded itr broccoli in Britain, s'as
probably caused by virus spread by fle3-b€etles, which were exceptionally
numerous itr tbese ye4rs. PtaEts inrected in aurumE $ere either liilled b;
frost or {ailed to produce nrarketable curds.

94. {GENDRoN, YvEs) & KAssANrs, B. (1954). The impor-tance of the
host species in determining the action of virus-in6ibitors. ,{rrz.
appl. Biol.,41.

Tbe saps oI some platrt species ftom vhich virus€s are dificult to katrs-
mit to other sp€cies by sap-iDoculation coDtaiE substances that iDhibit infec-
tioo. The extent to wbicb they inhibit infection depeDds on the species of
plants inoculated and Dot o! tb; idetrtity of tbe virus. The iDbibito; do not
prewent illfection of species that contain the6.

Iafectiotr of cucu8ber was l6s affected tbatr any of the other species by aU
the inhibitors tested.
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95. GREGoRY, P. H., HrRsr, J. M, & LAsr, F, T. (f953). Coocentla-
tions of basidiospores oI the drjr rot fu[gus (Melulits loafyrnans)
itr the air of buildings. Aata allelg-, Kbh.,9,168-

The spore contenl of the air iD two buildiots agected by M?rttlius lotty
rrars \,va:s estiEated during autuEtr 1952, usir:g Power_opemted suction
traps. ID a bomMamaged house in Irrrdon coDceDtrations raaSed from
?9,-500 spoles/cu. Eetre iD a cellar silh active fruit_Mies to I6,0OO/cu
metre on a frst-floor room without fruil bodies, ID a couDtry house concen-
trations raDged frcm 360,000 spores/cu. metre in a cellar to 1,630 sPores/cu.
metre iD a frst-floor corridor, both with active lruit-bodies. The undisturbed
air in an old uoafiected cottate io Harpenden contained no spores ol Mcrqlils
,acrymars and less thaD l0 sporcs/cu. metre oI ally kind.

96. GREcoRy, P. H. & STEDMAN, O. J. (1953). DePositioD oI air-
lyrrne Lycoiodiurt spores otr pLaDe surfees- Ann. aPPl. Biol.,40,
651.

The depositioD of Lycoqodiurn sPores on sticky surface traps, including
vertical ana horizootal EicroscoPe slides and Petri dishes as used in routiEe
aerobiological survey, was studia io a small wilal tunoel at liind speeds froE
aDDroximatelv 0-5-9.5 Eehes/secoDd."Depositio; r€sults ftom seieral processes acting singly or in combinatiotr.
The pittern oI deposit on a micloscope slide onentated at aagles varyiot ftoo
0 to 

_90" 
to the wind, with gravity eit[e! positive, neutral or tregative, indicates

that, except on a surlace parallel to the wind at the lou'e.st wind sPeed,
sedimentation under gravity plays a Einor part itr depositioD on PlaDe surlaces
As the wind sp€ed ii incr;ased the deposit is decleased because ot " edge
shadow ". At_the highest s,ind speed the dePcsit is as lar8e oD the lower as
oo the uDDer surface oD the borizontal slide, which suSSests deposition by
turbuleoiti Deposition by impactioo against a vertical strip itrcrcases with
witrd sDeed and ;Eciencies observed are lower than Ior cylitrders of the saBe
dia.metiT. The deposit oD slides ioclined at angles of 45' or less to the wind
dircctiou is increaied by impaction of arr " edge drilt ". The interaction of
these vaiious depositioi proiesses on mean dePositiotr at difierent angles and
wind sDeeds eives a series o{ curves with a maximuB at 90' atrd g'5 metres/
second and "with miDiEa at 0", 90" atrd 180' at wind sPeeds lower than
9.5 metres/second. At these lower wind sPeeds there arc two maxima ill the
raDse 20-70' and 135"-150o respectively.

beposits on Petri dishes sboiv rim efects difiering at dlffereDt wind sPeeds.
These iatr be eliminated bv sinking the disb below a 6at surface.

BloFoff lrom notr-sticky surfaces is least at about 45', and greatest at
0'.

SDore concetrtration io air is dificult to estiEate from the defosits otr
plani-surface traps, because horizontal tlaps under'record at-medium wiDd
speeds, and because vertical traPs are very seDsltl\ie to ch:ur8es ln wlnd sPeet.
Powerloperated suctron traPs are to be preterred lvhen data oD sPore conceD-
trations are requiied.

97. HAvLyN, Btrxoe M. G. (1953). Quantitative studies on the
transmission of cabbage black ring sPot virus by Myzus pcrsica.
lSulz;1. Antt. o?Pl- B;o1., qO,393.

Factors affecttls the hansmission ol cabbage black riDg sPot \'irus b]
Mtzts b?rsicac (Su'iz-) uere studied quantrtatively usrng the local lesions
nmduceh on tobicco leaves. Aphids pretented lrom feediog for 15 minutes
br more. before leeding for a few minutes on an infecled Plant, caused more
irfections than uafast& apbids. Fasted aPhids acquired f_irus from infected
Dlants ia leediDs tises ai short as l0 seconds, atrd infected healthy PlaDts io
iest-I€editrs tiEa of 6 seconds. IncreasiDg test_reeditr8 times to 30 minutes
increased {he Dumb€rs of inrectioDs. Increasing iDfection-feeding times
Jrom ten secoods to 5 minutes had little efiect, but increasiDg to more than
thatr 5 minutes $eetlv reduced the numt er o( traflsmissions- This reduction
*?s Dartlv ofi6t if ihe aphids were prevented froE Ieading continuously
wrrild on ihe inlected Dlairts. With undistutbed infectiotr-{e€ding Periods
oI 15 oinutes or longer, previously fasted aphids caus€d no more inlections
tha[ unfasted aphids.
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Inlective aphids lost their abitity to produce lesions Eore rapidly whetr Ieed-
ing than when ,asting.

Winged and wingless apbids were equally efficietrt vectors.

98. HrRsr, J. I!I. (1953), Cbanges in atmospheric spore conteDt:
Diurnal periodicity and the effects of wertb.et- Trans. Bit. r.ycol.
Soa., 88, 375.

T'he use oI a por^er-operated suction trap, ir $hich spores are impacted
on the sticky surface of a slowly moving slide, made it possible to estiEate
accurately the concentration of diferent kinds oI spole in the air at aDy
givetr time. The catches often consisted predominantly of small hyaline
spores, tnes rarely caught by other Linds oI trap. ChaDges in the t)'pe.s oI
spore caught at difierent times of day showed tbat some species have a well-
d;fitred diurnal periodicity; the catclies also refiect chang(i in weatber.

In dry weather, pollen grains and spores of such longi as Cladosporhtm,
E^siPhc, A cr atia, smuts and rusts, are the main componeirts of tbe air
spora: they are mo6t abundaot iD the eftemoon and least in lhe early mominA.
Phyto?ithora itfestats aD,d. Polythrii.iu rnfohi also occur, but are earlier
and reach their maiimum concentratiou before trootr. Prolonged rain remot'es
most oI tLese spores, and ror a time there are few in the air. Withitr a rew
hours of the start ofrain, the t)?ical dry-air q)oIa is replaced by hyaline E)ores;
lew o[ thes€ can be identited. but they include splash-dispersed types;asco-
spores and basidiospores. Except after rain, this damp-air spora occurs in
quaotity only at Dight wheD dew is formed, and the greatest coDcentration
is reached betwe+n Eidnigbt aEd dawn.

Basidiospores were at times the dominant t,'pe of spore. Hyaline forEs,
ofteD Dainly S?orobolorlyc.s sp., rapidly reached largttrudbets in tbe earl-y
hours of the Boming, partimlarly when there l,as hea\,.y dew, aad tbeB dij-
appeared ahdost coEpletely. Coloured besidiospores rrraiDly froD the
.{garicales werc also commooest at night, but their occunence depend€d less
on weather than the hyalitre fonDs, an-d their diumal periodicity w:as less pro-
nouacd.

99. HrRsr, J. M., LoNc, I. F. & PENMAN, H. L. (t 964). Micro-meteor-
ology in the potato cfop. Quart. J. R. nel. Soc.

Ts_o main causes of redoced potato yields are virus dis€ases and blight.
Some of the virus diseas€s are apbid-transmitted. MeasureEents of teDpera-
ture, humidity and *ind itr potato crops showed tbat weatber amoD, the
plants oltetr favoured aphid flight u,hen weather outside did not.

During the summers of 1952 atrd 1953 wet- and dry-bulb temp€raturcs
were contiDuously recorded at six heights ia and above a potato arop (10-
320 cm.). For pirt of the period a de; balaDce atso recoraid ttre claie* in
weight of a potato shoot as dew condensed aDd later re-evaporated. these
changes were in phase witb vapour-pressure gradietrts iD thi air, $bich was
saturated, or very nearly so, at all levels up to I60 cE. during the period the
leaves wele rr'et.

100. KAssANrs, B. (1953). Some efiects of sucrose and phosphorus in
increa^sing the multipl.ication oI tobacco mosaic virris inietacbed
tobacco leaves. J. get- Mictobiol.,0, 467.

Tobacco mosaic virus rcached higher cotrcentratioos whefl inoculated
tobacco_ leaves were placed itr a solution containitrg l0 g./1. sucrose and 0.2
g./1. calcium phosphate than when in water. DetacheA leaves itr water
usually produced more virus thatr leaves left oo tbe plants. Other suqars
aod phospbates also iDcreased viius production. Sugar;Dd ca'lciuE phosp6ate
sometimes s€parately iDcreeses tbe aoDceotratiotr o, ihe virus, but thl resioose
ll?-s usually greetest to both togetber. The increase varied witb the ;utri
tional state o, the ptaDts from ;bich ttre leaves caee aDd vrith soDe other
etrviro[mental conditioDs. Virus concentration, atrd the efiect of sucrose
and calcium phosphate ia increasing it, was greater wheD leaves r{ere in tbe tisbt
tbaD iD the dark. Conditions which incre-sed virus concentra.tion a'lsr)
iocreased the total carboh].drates of the leaves.
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l0l. KAssANIs, B. (1954). Tobacco oecrosis virus€s afiecting tulip6.
Pla Pathology. (In the press.)

Difierent aethods of iDoculatioD were tried, but all failed to reproduce
the lethal necrotic symptoms usually s€en wbeD {orced tulips are naturally
infected- The only result was soEe necrotic spottiDg of the leaves, varyiDg
in severity with difiereDt varieties of tulips. Observations made io natural
outbreaks of the disease in forced tulips suSSest that the infectioa occurred the
year before.

102. KlEczxorvsKt, A. (1954). Stability of chymotrypsi! and
lobacco mosaic virus decreased by ultra-violet radiation. Bio-
chen. J.,56,345.

W'beD proteins with speci6c activities are expos€d to ultra-violet radiat;on,
the specifc activity is not necessarily lost by the 6rst alteration produced.
Ch)'motrypsiD molecules caD be altered by the radiation so that their stability
at tempertturcs around 37'at pll 7 is decrea-sed, although they are still Pro-
teobtically active. The iDcreased rate at rrhich tobacco mosaic virus is
detratured otr heating after irradiatioD results froD a s€ries of chatrSes succed-
ing thos€ associated wilh the loss of iafectivity.

lO3. (NurvAN, F. J.) & RoBERrs, F. M. (1953). Two new species of
{utrgi oo clove trees itr the Zatrzibar Protectorate. Tlats. Bit.
,nycol- Soc.,88, 229.

Two species ol rungi pathogenic to clove (E48c ia Lrcrnatico) are des[tiM..
Valsalugctiat sp. nov. always occurs io clove-trees which bave died ot tbe

suddeD-deatb disease. and it also causes die-back.
Cry?tosaot.lld eug.ltia, Nutda! & Rober6 is a severe \rouad parasite that

attacks clove-Eees oI all ages and often kills young trees.

104. TrNsLEy, T. W. (1953). The efiects of varying the water suPPly
of plants on their susceptibility to ilfection with viruses. ,4trr.
a?pl. BioL, q, 750.

IacreasiDg the aEount of water supplied to Plants before they were inocu-
lated with vinses Sreatly iflcreased their sus.ePtibility to iDlection; Plants
that received udimited 1,ate! produced ten or more tirues a-s many local
Iesions as plants that received oDly enough to Prel.ent wiltinS. Susceptibility
was increased throughout the yar, but the full tespo$e occurred ia two weels
in winter and {our ,€€ks in summer. Plants that received unlilBited water for
the ts'o u,eeks iEDediately precediog itroculatiotr were no more suscePtible
than those that received it duriog the previous two weeks, although the
external appearatrce of the plants difierEd at the time of inoculation. Vary-
itrg water iupply arter inoculatioo did not affect the truobers of lesions.-The diffdr;nces in susceptibility to infectiotr produced by difieretrtial
watering $,ere decrcas€d, but aot abolished, by 8ro*'itr8 Plants ulder shade or
by incorporating a diatomaceous ea h in the inoculum.

Iocreasing water produced plaDts Eith larger and more succulent leaves i
the cuticular" layer ias thinnei, and the Palisade tissue lvas less regularly
arraDg€d than in the plants kept dry. The increased sus.eptibility caused
by abundant water may be partly due to these structural difie.ences, \rhich
ailow tbe lea, to be damased more easily \r'hen inoculated.

I05. WArsoN, MARIoN A. & NIxoN. H. L. (1953). Studies on the
Ieeditrg of Myzus pelsica. (Strlz.) on radioactive Planis. Ann.
appl. Biol., 4O, 537 .

Adult apterae ol tasted Myztts Peni.ca. lsnlz.) rvere fed on leaves con-
tainiEg radioactive phosphorus. The ueiSht of saP idblbed by the apbids
after various feeding tiEes was estioated by relating the,r radimcti\ it]- to the
activit!'per unit se.-i8ht of the leaf oD which they fed- The cal.ulatlons E'erc
made on the assumption that llP is uDirormly distributed in the leaf.

The mean ratei of uptake were about lb pg. of saP for the first hour ot
feeding; 40 r8./hour betiveen I and 4 hourc feeding, and l7 Fg./hour betwe€tr
I and 24 houis feeding. The decrease iD apparent rate of uptal.e with the
IoDger feediDg times is attributed to loss oI ttP in nymphs bortr duriDg tbe
feeding Period.
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Wheo aphids vrere ld on seedlints raised in waterrulture solution coD-
taining .!P, no activity was detected atter 5 minutes' Ieeding aad oDly a t ace
after 15 ainutes, but when the isotope was introduced by immersing the leaves
,or seveBl days in the culture solution, aphids fed lor 5 minDtes were detect-
ably active.

Tbe increasc in rate of uptake after I hour oI leeding indicates that aphids
do not start to feed norrnally until they reach the phloem, but the activity
alter sbort ,e€diDg times suggests that previously fasted aphids do feed on
other tissues, possibly the epidermis.

Nematology Department
GENERAL PAPEBS

106. PErERs, B. G. (1063). Control of plant nematodes. R.l. Progl,
o?pl. Cheir.,87, 278.

107. PErERs, B. G. (1S53). The golden treDatode in Britain, ,4,rar.
Potato J., 80, 228-

RESEARCII PAPERS

108. BRowN, E- B. & FRAN(LrN, M. T. (f063). ExperiDents ou
coutrol oI eel$rorm in black currants. Plant Palhology,2, l0l.

SprayiD8 sith 0.025 per cent parathioD in early summer reduced the Dum-
bers oI live eelworEs in the buds o{ blackrurrant bushes, as did also severe
pruning. A later spraying appeared to be $'ithout efiect. The treated
bushes showed less damate thatr the untreated in the Iollowiog year. Appre-
ciable DuEbers of bracL-cufl-ant eelworms sere ,ound in the weeds surrouadiDg
i ested bushes.

109. DoNcAsrER, C. C. (1953). A study oI host-parasite reLatiouships.
The potato-root eelworrm, Helarofuta rostochiensis in black dght-
shade, Solanurn nigruri and tomato. J. Helmialh., tl, l.

It is recorded that larvae of tbe potato-root eelworm peEekate the roots
oI black nightshade, but usually lail to develop. Mary degenei'ate and die,
aDd iafected roots usually become necrosed. ToEato roots ate more readily
iDvaded than roots of blick nightsbade, atrd whereas necrosis is less evideni,
heavily iDfected loots tend to become swollen.

I l0- FENwIcx, D. W., PEaDRs, B. G. & LrBBEy, R. P. (f 9$). Efiects
of reFated field itrjections oI D-D Dixture agai[st potato-root
eelworm. lza. ap?I. Biol.,4O, 2OA.

.q.utumn injectiors oI D-D mixture have been annually repeated for tbree
years on a silt soil at Itloulton (Holtand, Lincolnsbire) and a blact fen soit at
PrickwiUow (Ely, Cembrid8eshLe), with difieretrt rrsults. At Moulton ther€
*as an incl€as€d yield of tubers each time D-D !r'as used, \trith no sigDitrcant
residual efiects after the 6rst year, aDd Do EArked lotrg-term efiect oo the
eel$orm population. At kicirsillow D-D gave an incleased yield in the
6rst season only, with no positive residual efiects on yield, and D apparent
stioulatirg effect oa the eelworm population. At trloulton in l9{8 atrd 1950
(but ro, itr l9{0) the cost of the D-D tf,eatment was hea\.ily out$.eighed by the
value of tbe resDltant incr€ase io crop. However, on the orgtDic soil at
PrickFillo$ D-D treatEent was ioeffe{tive in 1949 and 1050, aod the eelworB
polulation, initially hi8h6 than at Moulto!, reEained at a level irlducing
,ailure of the potato crop.

lll. FENwtcK, D. W. & REID, E. (f053). Population studies or the
potalo-r,oot @lworm (Hetrrodzla loslochie^sis Woll.\. J. Hcl-
mi h., t2, ll9.

This paper describes a series of pot experiments on populatiotr fluctuations
of the potato-root eelworm, Data are preseoted oD the degre€ of cvst empty-
iat which occurs in the vicinity o{ a potato plart atrd oa the build-up folowitrg
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irvasion. Rate of build-up foUowing difierent itritial levels oI ilfestation is
discussed; there is a netative correlatioa betveetr the rluDber of oe* cysts
produced aDd their larval cotrtetrt.
ll2. PErERs, B. G. (fgfi). Trial oI ammoniacal gas liquor agaiDst

poiato-root eelworst. Planl Pathology,2, 86.
Ammonilcal gas liquor used iD a Irot test at about 1,800 gal./acre had

tregligible efiect, botb on tbe eelworms aod otr subsequetrtly Byox,.tr potatoes.
At 9,000 Bal./acre it kiUed 35 per cetrt of thc eelworEs ard led to a greatly
itrcreased giowth of tubers and roots; the latter supported a large eelworm
population, qhich was inally 3.5 times that in the uDtteated contrcls.
l13. PErERs, B. G. (f053). Vertical migatioD ol potato root eel$'orm.

J. Helninlh., n, lO7.
A siEple appamtus is described itr whicb qlas deasured the vertical

mi8ratior oI Ectcroilcra toslo.hi.nsis larvae itr soil, itr the preseace of the
host platrt. The miSratioos upwards alld do*nwards are coEparabl€ and
limited to aboirt 8 inches; they can be iDhibited by s€ter-logSed soil and
greatly reduced if the cysts (when Dear the surface) are exposed to insolation
utrder glass.

ll4. PETERS, B. G. (f953), Changes in potato-root eelworm popula-
tioD witb time and depth.. J. Hclirinrh.,27, ll3-

By growiog potatoes in infested soil in sectioaal nlooden boxes, chanSes
in tbe population of potato-root eehaorD have beetr observed at 5, I, 13 and
l9 ri'eeks after planting, and at ive 2.itrch levels itr the soil. Results sho\.
that rnost oI the idcrease itr population occurted during tbe last six
weeks ot the experiEent and that the normal populatioo changes procecd
Dqre slowly in the toprnost level, leading to a lo*'er 6Dal populatiotr thcre
tban at deepe. levels.

Insecticides ard Fungicldes Departmeat
GENEaAL PAPERS

ll5. PorrER, C. (1953). The cottrol of crop pests. Blil. ,tc.l. J.,
no.4819, l6th May 1S53, p. 1093.

116. PoI.rER, C. (Part author), (f952). Rothamsted experiEeEts otr
field beans. Part 2. J- Roy- aglic. Sor., 118, 70.

ll7. PoraER, C. (1953). Filty years oI research at I-oag Ashtotr
Res€arch Station. Cten. & Ind-, ll6a-

ll8. (FuRroNG, J. F.) & PorrER, C. The pyretlrum industry of
Kenya aDd Tauganyika witb referetrce to research atrd analytical
coDtrol. Colo al Products Advisory Bureau. l6th January
1963.

REsEARcs PAPERS

ll9. CoNNELL, J. U. & GrvNre Jorves, G. D. (1953). Observations
on the entry of dusts iDto the respfuatory system oI tbe adult
worker honey b@, A?is mtlliJeru L. Bull. ent. Res.,44, pt, 2,
291.

A de.scriptiotr is given of the hair structDres associated {.ith the spiraclcs
oI the adult worLer honeyt€tr,, A?is mclliJ.?a L.

The surface hairs aroutrd the spirecular oriices vary in siza, deDsity aod
arraogemeDt and crith the exceptioD of those of the third, 6fth atrd sixth
abdoEinal q)iracles appear to be capable of holdiDg back particles greater than
30 Eicrons.

W}leo living bees wele exposed to dust clouds oI charcoal aDd cuprous
cyadde, Iro particles were foutrd io aDy intemal part of the respiratory systeh
b€yond the spiracles, except in the ca.se oI the trachea of the 6.st thoracic
spiracle, v.hich coDtaiDed charcoal particles less than 6 microns,

Thc Dechads8 oI tra.heal veEtilation was considercd, aad evidcncc
accuaulated to suggest that all spiracles could ha\/e aD inspiiatory fuEctioD.

o
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120. LoRD, K. A. & PorrER, C. (1053). Hydrolysis of estels by
extracts of insects. Noltttc, Lottd.,lz, Do. 4380, 679.

Extracts of most of the insect species exaEined bydrolyse phenyl acetate
Duch dore rapidly than acetyl cholitre. ID soEe species it isdiEicult to detect
the hydrolysis of acetyl choline owinB to eudogeoous acid production. Some
evideDce is also available that this enz)r6e is ishibited itr whole extracts of
soDe species,

12l. MURERJEA, T. D. (1953). Ttre relationship between the staee of
development and iruscdptibifity to DDT'aod tbe p1'retbriis oI
Diatar@zia oblacea L., Ten brio ,tolilot L., and'Peiblanzra
amcticdno L. Bull. cnr. R s., 414, pt. l, I2l.

A review oI tbe literature is givetr which shows that cbaDges iD the sus-
ceptibility of insects to iDsecticides occur duritrg developoaDt when the
poison is applied a-s a fuaigaEt. &s a stoEAch poisoD aod as; coDtact poisoD.

The basis of assessment of toxicity Eay be the coDceatratioo reqr.rired to
kill a given DuEtber of iDdividuals, or tho aEount oI poisotr requira to kill
utrit weight of iDsect baterial. A matbeoatical Bethod is giv;D ,or tlans-
foraing the results obtained iB terEs of conceDtration to kill i giveD Durnb€f,
of iDdividuals iDto weights of poisotr to kill u!.it wcight of iDs€ct Eaterial.
Rearing Eethods are outlitred which eDable batches of various staqes of
Dialarazia okra.?a (L.) (tomato E.otbl, T.n brio ,iolitof L. (',l,eal worm-) aod
Pniplan la amcricata (L.) (AEericaD cockroech) to be obtained at a klowD
age and stage of development.

On the basis of the concetrtration ol itrs€cticide requircd to ,.ill a givea
percenbge of individuals, it is shown that great difiereocas caa occur ii tbe
resistaDce of difereEt itrsters of one species. and coDsiderable difierences mav
occur withio the itrstar. If tbe data'for the larval and n!'mpbal instars are
cotrsidered on the basis oI the weight oI poisoD required toklfl unit weiRbt o,
itrs€ct material, ditrer_eDces still exist, but are Ducfreduced.

The 6gnr€3 show that the range of variatioo of rBistance duriEs develoD-
Eent may be very lar8e, over 260 ti6es iE tbe cas€ oI DDT and i, olcrcce',t.
where the pupa is resistant. The rnaximuB varietio! that was found withiD.
an instar \rras 16.0 times, qrhe.e the resistaoce to pyretbrins of the otre-dav-old
pupa oI T. ,lorir, Eas comparcd n ith tbat oI tie four-day-old DuDa. The
data shoE' that the aEount ot va ation in resistance that cau &cirr vades
with the test species aDd 1|lith the iDsecticide, furthermore, that the order of
resistaDce of the developroeDtal stages of atry giveD sDecies will difier with the
insecticidq aDd that with any givein insecticiie the;!der wiu vary with tbe
q)ecres.

- .It may be inferred Jron these data that any coEparison between idsec-
ticides ol1 one stage of developmeEt of one instaiof oa6 species will Dot treces-
sarily hold true of any otber stage of devetopment of tf,at species or of atry
otber species.

Using data SiveD in the liteBture aDd froE some preliEinarv exDeriloents
on respiratioD rates, it was possible to deduce some co'rrelatioo &tw;en meta-
bolic rate and susceptibility, and cbaDges ia the permeebility oI the coticle aDd
chorioD aDd susceptibility, but the evidetrce is uosatisfactorv aDd the causes
of the changes in susceptibility a\ ait further detailed iDvestiaatioo.

122. SALKELD, E. H. & PorrER, C. (1963). The efiect oI tie age aad
stage of developoent of ins€ct eggs on their resistai'ce to
insecticides, Btll- cnt. Rcs., A, pt. t b27.

Iiboratory spraying experiments were c:rrried out with DDT. allethriD
lhe triethanol,amine salt od S : Oainihocresol (TDNOC) a"a geip 

"-r";Jegss of difierent ales ol Dietararia olctatza ll.jpidopterAt ,"a *itn.rrEiUii,
I{ETP and TDNOC against eggs oI difier€Dt ases of Enh;sr;a hiahnic a iaDi-
doptera) and Dysdcr s fasciatus (Hefiliptera) uDder i:ontrolted tempeiatrire
and humidity coDditions.

The shape of the resistance-age curves obtaircd vaded \.ith :
(l) tbe iDcubation teEpcrature;
(2) the Bp€cies of egg;
(3) tbe insecticide.

ln e9gs oI Diatara-ria ol?ra..a vetry s,l..A,ll difierences in susceDtibilitv with
age were found with any of the insecticides at 25. F. and 6d-ZO pe'r celt
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relative humidily, but defnite resistance-age curves \rere obtained with
allethrin aad TDNOC rvhen the eggs tested had been iDcubated at 57'F.
In this case the youtrgest (one-day) and the oldest eggs (Jourteen-day) tested
*ere the least resistant. DDT atrd HETP were tested only against the eggs
ol D. oleracea irc.o.bated at 75' F.; only small difierences r,t€re lound at this
temperature. There were iDdications that tbe one-day-old e8gs $ere the
most resistaDt to tbese insecticides, but the results were barely signifcant.

The shape oI the resistance--age curves {or the two species of I-epidoptera
tested under similar experimeDtal conditions vaded slightly but had a general
similaiity, but those for the Hemiptaran eggs were very difiereDt. This is
ascribed to difleretces itr choriotr structure atrd process oI development
bet$een thes€ two species oI eggs.

With any ore species oI egg, the shape oI the resistance--a.ge curve difiered
,rom one insecticide to another. Usually, however, the shapes of the curves
obtained {or alletbrio aDd TDNOC \arre much the sase. The different t}.I)e
of curve with HETP is ascdbed to its ease oI hydrolysis.

Details are giveD ol the efiect oI the poison on embryonic de1'elopment.
The appearaDce oI eggs killed at atr early stage itr their developmetrt

was characteristic Ior each insecticide. When developoent is inhibited
by ?DNOC the eggs turn brcsrn atrd several sBall brown circles, \{hich
appear to be composed of yolk Eaterial, b€come closely applied to the chorion ;
rvith allethrin the yolk contents become dark in colour and quite liquid; vith
HETP the yolk contents are colourless atrd the choriotr opaque.

From a study of the structure and compositio[ of the protective enveloPes
in difierent ages o{ eggs oI a. oleTacea lt has b@n fouEd that oerDbratres are
formed by the ol.um during developEeDt which may hinder tbe petretration
o{ insecticides to the embryo. Maxiaal development of these membranes
occurs near the Eiddle of the itrcubation period. It y,as possible at this
time to remove the erabryo enclosed withiD these membratres from the cho on
without apparetrt iDjury to the embryo itsell. Details are given oI the struc-
ture and developmeDt of the e8g-shell of D. orptar.a.

The results of dippiDs atrd wasbing experimetrts \'rith e8gs of D. ol?ra.?4
indicated that the resistaDce aSe relatiotrships foutrd.iras due to a differetrce
in the ability of the ins€cticide to penetrate the shell laye6 alrd membranes
rather than to difieretrces in the inheretrt susceptibility of the embryos of
difieretrt eggs.

The speed of penetntion oI TDNOC into eggs of D. olefa.ea as delermi0ed
itr respiration erperimetrts was very Bpid, irrespective oJ the a8e o{ the eg8-
The poisoned eggs showed a marked initial dse in oxygen consumptioD, the
extent of which depended upon the age of the eg8, a Sreater iDcrease being
noticed in the otre- to tr'o- and flve-day eggs thafl in the three- and four-day
eggs. Although the metabolism oI these eggs 'vras afiected, the embr)'os
continued their developEent apparently normally until reaching oIre o, the
two critical stages. It is suggested that the nuEber oI embryos that succeed
in passing the clitical stages and in hatching depetrds upon the exteot oI the
initial loetabolic disturbaDce caused by the poison, rvhicb in turn depends
upon the aDouDt o[ poisotr reaching the embryonic material. The extent
of the Eetabolic disturbance is an index of the amouDt of poisoD eDtering the
egg-shell, and thercfore of ultiBate toxicity. The shape oI the respiration
curves indicates that the Eajority o{ the poisotr reaches thc embryo either sooD
ajter application or towards the end of the incubation period, when the
serosal Dembrane atrd fluids are resorbed. Thus difiercnces in resistance
that occur in the eggs of diferent ages are due to chal8es in the permeability
oI the egg-sheU \rhich allortr morc or less poison to reach the embryo.

A close correlation appears to exist between the age oI eggs which shorvs
maximum resistance to the ins€cticide and the age oI eggs ir r.hich the em-
bryodc membratres are present at their maximum stage of deyelopmetrt.

123, TATaERSFIELD, F., KERRTDGE, J. R, & TAyLoR, J. (f953). The
eftect of repeated spraying of insects in incleasing their resistance
to insecticides. I. Development of resistance to DDT in a
s&air ol Drasophila ,nelanogaster Meig- A k. aPpl. Biol,, 40,
no. 3, 498.

Successive spraying li'ith DDT suspensions of the adults of a raild colony
ol Droso?hila melanogast?/ and the progetry o{ survivors enhanced the resistatrce
oI that insecticide.

o2
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The rate at which rcsistance ircreased ilepeDded on: (l) the relative
proportion of resistant to susceptible itrdividuals; or (2) the intensity oI
selectioD as measured by the concentration oI DDT and the prcportion kiUed;
or on both. The resistance oI the populations oI the iNects fluctuated
considerably whether subjected to successive sprayings or Eot, atrd irl otre
sprayed series there *'as some indication oI a rhythB, with peaks oI susceP-
tibility occurring at regular intervals.

Enhanced resistance may show a change oI slope in the probit log concen-
tration regression litre, Ieading to difierent relative values at difierert levels
oI mortality, or by a paraUel shift of the re8ression line. The Iormer aplrars
to be a prelimitrary stage of selection, atrd indicates a chaDge in the Irequency
distribution vithi a population.

Iacreasitrg the co[certration of DDT, slowly or rapidly, may have
etrharced resistance at an iDcreased rate, but the series sprayed rrith the
loEer initial concentratiotr reached finally the same etrd point, as judged by
the walues oI log L.C. 50.

During the course of these expedments the insects developed seNitivity
to carbon dioxide (used in anaesthesis). Its bearing on our work is cotrsidered
in Part II

124. T-c.rrERsFrELD, F. & KERRTDGE, J. R. (1953). The efiect of
repeated spraying oI insects in increasing their resistaDce to
insecticides. lL The eEect oI carbon-dioxide sensitivity oo the
toxicity of bnf *tnil1 a strain oI Drosophila uclahogaster.
Ann. ap?l. Biol., 40, no. 2, 523.

During the selection of a slock ol Drosophilo ,nelafiogastel lot tesisl,jl.ce lo
DDT, in which carboD dioxide Eas used for purposes oI aBaesthesis, a sensi-
tivity to this gas developed. The phenomena closely paralleled those shos'n
by the Co,-sensitive ebony stock isolated by L'Hdritier aDd his co-workers.
An expe mental atralysis of its eftect upon DDT sensitivity was made. It
was found that a stock selected for CO, resistance gave the saDe probit
regressio[ line as the original stock. A Cor-s€nsitive stock, 'whether anaes-
thetized with tritrogetr or carbon dioxide, gave the same regression lirle at
a temperature of 25'C. at wbich CO, sensitivity disappeared, or at l5o C.
if adiuslment to the proportion of deatbs in lhe control \{?s Eade. The
efiect of CO, was there{ore to limit the population lrom which selection is
made lor DDT resistance, rather thaD to alter the distributiotr oI DDT
resistatrce within the stock.

I25. TURNER, N. & Blrss, C. I. (1953). Tests oI synergism between
nicotine and the pyrethi$s. Ann. aPPl- Biol-,40, no- 1,79.

Synergism behreen nicotitre and plrethrum applied by injectioD to adult
Onco'elrus fdsciaras Dal. has been reported by Turner (f95f).

\Vhe[ these insecticides rrere applied alone add as a mixture to adult
Tibolhtn casla$e rn Hbst., usiDg a dipping technique, the data iadicated
that independetrt ioint action occurred. Similar actioD could be eliminated
because the two insecticides had varying retative potency.

Since the efiect of the p,.retbrins has beetr short-lived itr soEe irNects,
it was postulated that the absence of synergism might be caused by lailure
of the nicotine to reach a site of actiol n hile the pyrethriDs {,ere still actiDS.

ApplicatioD of ricotitre, Jollowed later by treatment with plretbrins,
gave evidetrce of s,,nergism. A test itr which the interval betsreen treatments
ri'as va ed from t to 6 hours showed that toxicity was greatest with the
shortest interval betweea applications, and evidence oI synergism had prac-
tically disappeared after 6 hours. The Baximum amount of syDergism
observed was about twofold.

126. WARD, J. (1953). Separatiofl of the " B/retbrins " by displace-
ment chromatogr:aphy. Chcrn. C" Ind., tro.24,586 5a7,

The technique oI displacement chromatogtaphy has beetr used to isolate
plretbitr I, pyrethrin II, cinerin I atrd cinerin II Irom a purified extract oI
p]'rethrum flor,i'ers. Adsorbent alurnina rr.as contained in a glass column
which gadually tapered to a small bore at the botto6. The extract, dis-
solved in r-hexane, rras allowed to percolate iflto the top oI the column, and
the adsorbed " p,'rethrirs " were then eluted with a solution of stearic acid in
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r-hexaae. The p,'rethrin conteat ot the eluate \rvas Iollowed by measuriog
its ultra-violet absorptioB. The matcrials eoerged in the order: cioerio I,
pyrethritr I, cinerin II, p]'rethritr II. The dolecular extinction co€ficietrts
and the biological activities of the coNtituents were measured.

EntomoloEy Departmelt
127, BARNES, H. F. (f963). Outlhes of irsect phenology. Trazs.

9th Inl. Congt. Enlon ,, U, 163.
DefrEition oI " phetroloty "; tatrdmarls itr the oritin aDd developoent oI

the science; and phenology as exeEpliied iD the Cecidomyidae or gall mid8es.

128, BARNES, H, F. (f 953). The Wheat BlossoE l!i[id.ges. Neu Biol.,
L4, 82.

Aa esey based oE twenty-flve years' invBtigation oI these gall oidSes
as they occur oa Broadbalk.

129. BARNES, H. F. (1953). The absence of slugs in a gardetr and aD
experiment iD re-stockitg. Proc- zool. Soc. Lond-,1,8, 49.

Tbe intoduction aDd subs€quent otservation oI 1,000 Grey Field slugs in
a garden whele they were absent has showtr that most probably this species
had died out during some previous dry spell owing to the failure of the almost
humus-tree soil to retain moigture.

130. BARNES, H. F. (f953). The biological approach to the species
problem in gall midges (Dipt., Cecidomyidae). An t. ent. Ien t.,
Lg, 2.

An accouot of the use that has beetr Eade of the bioloSical approach
duiing the past quartcr oI a ceDtury and an indication of some immediate
needs.

l3l. BARNES, H. F. (1953). De-scription of the [ew gall midge found
by M. R. Pussard on Irvender, together with notes on the damage
caus€d by some other species. Bull. Soc- ent. Fr.,8, 125.

132. BARNES, H, F. (f953). The Sha^sta Daisy Midge aDd other iDsects
in flo\f,ers of Crrrsanlhernurl sEecies. Plant Pathology,2,52.

Preliminary i ormatioD on the bioloSy, the range of oviposition on
Chrysdn hcmurn sp€r'ies and the distributiotr ill the British Isles oI tbe Sbasta
Daisy Midte (C(mtarin;o chrlsantherni), together with notes on the distribu-
tiotr of two othe! primary gau Eidge sFcies, as well as other gau midges,
fies, wee\.ils, moths aDd hyEetroptera.

133. BARNES, H. F. & (PALMER, RAy) (1953). Bedfordshire plaot
gaus. Preliminary list. Part l. Diptera. Bedlordshire Nat r-
alist,7, 2l-

134. (BuxroN, P. A.) & BARNES, II. F. (1953). British Diptera
a-asociated rrith futrgi. l. Gall midges (Cecidoayidae) reared
from the larger Iungi. Ploc. R. crlr. Soc. Lotrd., B,D lllll2),195-

Iocludes the description of a relr speci€s reared ftor[ Alti.ulaia u.icato-
juda..

134a. JorrNsoN, C. G. (19t2). The role of population level, flight perio-
dicity and climate in the dispersal of aphids. Trans. qlh lal.
Coai. Enlorn.l, 429.

136. JoENsoN, B. (f953). Flight muscle autolysis and reproduction
in aphids. Nature, Lond,.,l79, 8l?.
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1354. JoriNsoN, B. (f063). The iujurious efiects ol tle hooked ePider-
hal hairs oI French lJ€a;ns lPhaseolus tulgaris L.) oD. Alrhis cfac-
ciura Koci. Bu . enl. Rcs. 44,779-

136. JodNsoN, C. G. (f954). Aphid migtatioD in relation to weather.
Biol. Reu.,8, l.

137. (TAvLoR, C. E.) & JosNsoN, C. G. (1954). witrd directioo aod
the idestatioo of beao, frelds by A phis laba. Scop, (In the Press.)

137a. LoNc, D. B. (f953). Effects of population deDsity oD larvae oI
Lehida,kra. Ttans. R. cnl- Soc. Lond.,L04,643.

A study has beetr made io sooe detail oI efiects ou the Eorlrhology, physi-
ology atrd_behaviour oI larva. Itr some speciB crowded cultu-r€ rYere ilatker
iL Colour than their solitary controls and the factors itrvolved have been con-
sidered. Crowding increased the lat€ ol developmeEt atrd decreased the
trumber of instas. This r-as accompaaied by a more simultatreous develoP-
meDt Ehich ia a mu lti-voltitre species could utrder favourable conditions lead to
a populatiotr build-up. In Beneral th€ efiects were 3howtr to b€ comParable
with the " phases " of locusts.

138. SourHwooD, T. R. E. (1053). The morphology and taxonomy
of the genus Ottholylus Fieber (Hem., Miridac), with special
relerence to the British species, f7ars. R. cnl. Soc. Lond.,
104,416.

An accoutrt of the getreral Eorpbology oI the Senus alrd a re3ssessraelt of
the taxonomic valoe of various characteE. The structure o{ the 8enus,
which is divided into four sub-getrera, two oI shich are new, is discuss€d. .q.

key is given to the eiShteen British spe.i6,
I39. SourHwooD, T. R. E. (1963). Iute.speciic copulation between

Nabis fctus (L.) atrd rv. rugosrs (L.) (Hem,, Nabidae). En.,non.
Mag., &, 294.

A briel accoutrt of an obs€rvation *hich suggests the eristence of a
Decbanical barrier to pairing itr these two sympatric species.

140. SroKEs, B. M. (f053). The host plaDt ralge of the Swede MidBe
(Coilarinia iaslullii Kiefrer) with special reference to typ$ of
ptatrt damage. Tijdschr. PlZieh., 60, a2-

I4l. SroxEs, B. M. (f963). Biolo8ical ilvestigations into the validity
oI Contarinia specie-s living o! the Cruciferae, with special
reference to the SwedeMidge, Cortarinia naslurlii lKiefret\. Arrn.
appl. Biol., tl(, (4), 726.

142. WrLLrAMs, C. B. (1953). Cooment on a query about a missing
value in an insec't bait trap experiment. Biomthics,0 (3), 425.

Shorring that the workiog out oI a Eissios r'alue in a ttapPing exPeriBetrt
on iDsects may give ulreliable results if the catches are used on ao aritbaetic
scale. The use o[ a geomeEic (loSaritbrtric) scale is believed to give more
rcliable rcsults.

143. WrLLrAMs, C, B. (1954). The statistical outlook in relation to
ecology. J. Ecol.,42 (l), l.

Pr6ide[tial address tothe British Frological Society dealiog with the effect
of tb€ EatheEatical aDd statistical ouuooL otr various ecological problems.
itrcluding the layout and interprctatio! of experiments, atrd particularly studies
made at Rothamsted on the relative abuldatrce of species; on the numbers oI
species in different geoera ; on the measureEent of diversity; aad on intra-
generic competition in animals aod pla s.

Bee D€partment
Booxs

144. BuaLER, C. G. (195q. The uord of fie horeybee- (New Naturalist
Series). Irndon : C,ollins.

145. RTBBANDS, C. R. (f953). Ttu behaoiotr atd social lif. of honeybccs-
Irndon: Bee Res€arch Associatiou Ltd.
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146. Burr-ER, C. G. (1053). The present status oI beekeephg i!
Ceylon aud po$sibilities for its luture develoPmetrt. Bnl- ag"ic.
BzII., 0 (no. 26), 125.

147. BurLER, C. G. (f953). A report oE tbe rqsults of atr irvestigatiou
irto the po$sibilities of beekeepiog ia Ceylo!, together witb soEe
suggestions for the futuie developmeDt of beekeeping itr the
lsJclo.d. Sessior.al Pdler, Goot. ol C.ylon.

RESBARCH PAPERS

148. BArLEr,, L. (1053). The efiect of Iumagillin upon Noscmo Llis
(Z^nder). Natu/., Lond., l7l,212.

Tie curative etrect of tumagillin uPon aD established infectioa s'itbiD
iadividual be€s is descriH. The drug acts uPon the develoPil8 intracellular
stage oI the para-site, but relapses occur evetr a{ter coDtinuous treatdent for
s€venteen da,'s.

149. BArLEv, L. (1053). The treatmetrt of Nosema disease with
fumagill.in. B?e WorA, U, l3B.

Tbe r€sults oI autuEn treatmetrt ol iDf€cted coloEies u,itb lufiagillin are
given. The preveotive efiect of this treatEent upon the resurSetrce of tbe
aisez-se during tbe followin8 spring was sh_ikiD8. However, a low level of
i[fection becaBe appalent in heated colonies in late spring. It is considered
to have arisen from the old coEb, which still cotrtained viable spores from the
preyious yea!.

150. BArLEy, L. (1963), The traosmissiou oI Nosema disease. Bea
lvotld, *, 171.

The carrying over of the disease from one year to the next by q)ores uPoo
coob has b€en dedotrstmted. The traDsference oI colonies Ircm old coEbs
to new comb foutrdation during early summer has been sho$'n to be effective
in breaking the cycle of infection, as the transmission of this dis€ase froEt
infected to healthy bees virtually ceases duriDg the flying season.

l5l. RTBBANDS, C. R, & SpErRs, NANcy (1953). The adaptability oI
the homecoming horeybee. Brit. J. anim, Behao.,l,59.

Groups of foraSing bees olloown ages were matked individually and intro-
duced to a colony of be€s. ODe to 6ve days later the breedcbadber housing
this colony was turned throu8h 90" and chaEged in heiSht. Two days later
it was tumed throu8h a further 90' and its height was changed agaitr. The
marked be€s reorie[tated quickly and completely in these expenEeots, aDd
their a8e bad no efiect upotr their adaptability. ColoEy odour Iacilitated
reorientation-

152. RYLE, M. (f954). The influence of nitrate, phosphate
potash on the secretion oi nectar. Part I. J. agric. Sci.
the pre$s.)

and
(I"

153. RYLE, M. (1954). The influence of trate, phosphate aud potash
on the secretion of nectar. Part II. -1. agtic- Sci. (In thepress.)

These two papers describe the r€sults ol rrork oD the efiect of fettilizer
lreatment oo nectar secretion in mustard. buckwbeat. apple and red clover.
It has been sbowD tbat in the case of apple-kees tbe me;; quaDtity of sugar
produced per do*er can be sign ificantly increased by extra potash. In experi-
oents with the other plants meotioned it was found that any t.eatdert
shicb checked grol^th at flowering time, apait from a shortage oI potash,
increas€d the yield of nectar.
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154. WyKEs, GWENYTE, R, (1953). The sugar conteot oI trectars.
Bioch.rn. J., 8, 294.

The srtars pres€nt in trectar s€creted by tx'elwe specie oI platrts were
separated otr pap€r chroEatograDs, and quantitative determhitions were
made of tle glucose and fructose present. It was louDd that the proportions
of glucose atrd ftuctose varied ge;tly io necter from the difierent s'pecies, but,
for atry one species, the proportions of these sugars appeared 

- to reEain
relatively coostant.

Statistlcs Department
BooKs

155. YATES, F. (1953). Samplirg mclhotls lot census.s arrd sutu.ys.
2od Edition. London : Gri6L

T\ro nelr chapters have been added. These amplify certain asp€cts aot
fully dealt with in the 6rst edition and contain adouirts oI varioius recent
dev;lopmeots. So6e space is also devoted to ploblems arising in the analysis
oI rnvestrRatronal surveys.

- (TraDslations oI th; lst Edition into French (195r) afld Japanese (f953)
have also be€n published.)

156. FrsHER, R. A. & YAaES, F. (1953). Srarisri.al tables fol bological,
agricullural and medical resealch. 4tt. Edition. - Edinburgh:
Oliver & Bovd.

New material included ia the lourth Editio[ fu: a table providing a test ,or
the existence of a periodic component; a table of se8meDial functions which
s€rve to specily the frcquencies of non-recombinaot and recombinant gaEete3
irl terms of the rDetrical positioos oI the cetrtrodere, a series ot markers and
the terminus of the chromo6oEe arm; random permutations of ten and
twenty numbers lor use in the coostructioa oI expe mental arrangements;
an additional table of the normal integral with the dtviation Irom the lneao of
the distribution as argumetrt. The section of the iDtroduction oD dosate
mortauty fests involviDg a tratural deatb.rate has also beeo re-r rttten.

RESEARCH PAPERs

157. BoyD, D. A. & LEssELLs, W. J. (f954). The efiect of seeil-rate
on the yield of potatoes- J. aglic. Sri. (In the press.)

This paper examines the relation between seed-rate atrd yield oI Daillcrop
potato€s, using data Irom experimeots reported itr the literature. OptiEum
seed-rates are pres€nted for a rante of prices oI s€ed alld produce, and these
are compared with estimates, derived ftom the Survey of Nlaincrop Potatoet
aDd the Suri?y of Fertilizer Practice, o{ the actual amoutrts planted by Etox.ers
in difierent parts oI the couotly.

Provided the optimuE seed-rate is attained, the precise combi[ation
oI seed size aod spacitrg distaoce appears to b€ of minor importance. The
optimum Iate of plaating oI certited seed is estimated to b€ l&-17 cwt. /acre
in the main potato-8rorr'iDg areas oI the country, \$hile the noroal planting
rate in these districts is over I ton/acre. The failure to pla[t at the optimum
seed-rate results in atr estimated loss of 2c-25s./acre. For oDce-grori.n seed
the optimum seed late is at least I totr/acre, whilst the average weight of seed
planted is only about l7 cwt./ac!e, rcsulting in a lo6s per acre oI l0-15s.

The expla[ation of the discrepaocy between experiment and pnctice
appeers to b€ that a Srower usually maitrtains the saDe spaciDg betwee[
s€ts regardless oI their sira; certiied se€d tends to be larger itr size than does
once-trow! s€ed.

168. Bol.D, D. A. & LESSELLS, w. J. (1954). Influence oI fertility
levels on glassland output. l. Review of fertilizer exlrriments
oD grassland in relation to current fertilizer usage. B/ir. J.
Grassl- Soc. (IE the p.ess.)

The paper sets out to summadze very briedy tle results of experidcnt-9
carried out on the efiect of Iertilizers applied to Sraa3land. The yield o{ stdch
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equivaleot from oitroten appli€d to dried 8rass, silage and hay varies betwe€tr
l0 and 15 pel cwt. N &cording to the quality of the product. ResPons€s
of hay to phospbate aEd potash ale also quoted. For grezed land, wbjch
aEouits to over two-thirds of t}le total grasslatrd acreage ea.h year, very little
experimeotal data on Iertilizer respoDses is availabl€; what there is suSSests
that moderate quantities can be applied without unduly afiectitrg the IeSuEes
in the s*'ard, when they give as good a leturn as in the experiments on coD_
served grzrss, but that the successlul use oI larger quantities demands a high
staadard oI grazing managemetrt.

Results froE the Survey oI Fertilizer Plactice show that wbilst the amount
of niEogeD used i! pr&tice rose considerably ftom t}le very loB level durin8
and berore the wa!, it has remaitred practica.lly unchanged since 1950, althou8h
there lras evidetrce of a slight upward trend in 1953, Ilore than half the leys
aDd three-quarters oI the perEajreDt grass received no nitrogeo in 1952-53.
There are coEsiderable variations r,rithiD the country; iDtetrsive dairyinS
districts like West Chesbire aDd the Fylde district o{ Lancasbire are usinS
about 0.25 cq.t. N per acte on temporary 8ra-qs aod 0l cs't. N Per acle on
perEanent giass, B[ereas io many less-intensive learing aod Ieedirg districts
less than one-quarter of tlese amounts is beinS used.

A simple cilcutation sbows that iI the acieage o, Srassland dressed si!I1
nitrogeD aould be doubled the gro6s returD ,or exp€nditurc of about 70,o0o
tons N would b€ about 0.8 m. tbns starch equivalent. giviDg a net returD of
something like {10 m. Such an iDcrease could not, hovrever, be attained
without tt the same tirne effecting an improvement in management so that the
extra feed produced was actually utilized.

For phosphate atrd potash ihere is little clear evideoce of how mDch is
required, ercept for perma.neDt deado$/s and leys cut for hay, silaSe, etc.
Wiilst there a;e still individual larms and districls where pho6phate deficien.
cies have not been overcome, the phosphate status oI most of our Srassland
has improved substantially iD recent years, atrd the average consumption at
about 0.2 cwt. P1O5 per acre does trot appear utrduly low. It is, however,
much less than the amount used by many successlul ttaziers, and here again
there is a great need {or extensive expetimeatal \rork.

I59. CHURCH, B. M., (J^coB, F. H. & TnoupsoN, H. \I.) 0953).
Surveys oI rabbit damage to \r'heat i England and Wales,
l95O-52- Planl Pathology,2, lO7.

In 1950 a pilot survey was carried out in Kert to estirDate rabbit damaSe
on spring wheat by coEparing yields on protected and utrProtected plots.
The metliods used in thitsurvey, and in the 1952 survey of $'inter *'heat in
EnglaDd atrd wales, are descritd. The survey results ihow tbat tbe di6er-
ences between the averege yields on protected aod unprotected plots must be
almost eotirely due to rabbit damage. Th€ estimated average loss oI \r'inter
wheat throughout the country in 1952 due to rabbit grazing was ll cwt. grain
per acre.

160. (CoNsrABLE, D. H.) &HoDNErr,G.E. (1953). Tbe manurinSof
Heuea brasiliensis at Dartonfield, Ce''loD. Errrr. l. erp. Ag/ic.,
21, l3r.

Tbe data otr girth of tie lrees and yield oI rubber obtaitred during the 6lst
th teen years of a fertilize! ttial on He|,aa b&siliensis at Dartonfreld bave
been analysed. With both girth and yield the principal response wa3 to
phosphate. The results of this experiment did trot indicate aEy appreciable
inter&tions.

16l. DyrE, G. v. & Aus, P- R. D. (1953). A survey of maiacrop
potatoes, 194&-1950. L Estimates of yield. Jf. agic. Sci.,

'18,.450.
.{. survey oI maincrop potato€s was carried out by members o{ the National

Agricultu;l Advisory S;riice in f94s, 1949 atrd 195'0 in couaboration with the
Statistics Departmetrt. Potatc.growiDg farms ir forty cou[ties lllere grouped
according to potato acreage, atrd ratrdom selections were Eade with differitr8
sampli!8 ,ractions. Each iarm sas vGited s€veral tiroes, and matry par-
ticulaB obtehed; the prcsent paper deals oDly witlt Btimates oI yietd.
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These u,ere based on small samples dug by haDd ,rom specifed locatiom in
(at most) two 6elds per farm.

The steDdard error o( the mean (basd otr about l,0OO sampled 6etds)
was about O.2 toos/acre (2 I)er c.trt). The sample estimates were coEpared
with yields calculated frorn t.he total weights oI produce per field whcrever
these were obtainable. This showed good agreement in 1948 and 1949, but
atr excess oI the sample estimatts of 0.9 tons/acre iD 1050, possibly because a
late infectioD of blight leduced the 6nal yield.

The omcial estimates issued by the Minisky oI Agiiculture are shown to
be less than the sample estiEates by about ll tons/acre in each year. Under-
estiEation s€ems to arise almGt eDtirely from the counties which io a parti
cular year have high yields, yields oI 7 tons and under b€int etiBated without
serious bias by the oEcial Clop Reporters.

162. HEALY, M. J. R. (1963). A method for comparing fly-repellant
sptlys. Biom.l/ics, g, 2gO.

In a standard Eethod Ior comparinS t\r'o fly-reFtlant sp.ays, batches
of mice are treated with the two Daterials udder tesl aDd are subsequently
exposed to aI:tar.k by slortorys flies. An utrtreated batch is ircluded lor
purpo6es of comparison, atrd it is touDd that the attack rate in the controls
varies considerably tlom one batch to arlother. II p., rr, ,, are the obs€rved
mean attack rates ill the controb and the t\r'o sets of tleated mice on any one
occasion, it is assumed that only a proportion ro oI the flies were liable to
attack in the treated betcbes, so that ptlq., p,lq.^re estimates of the attack
ntes in the teated mice iI all the flies \*'ere liable to attack. -\ssuming these
" tnre " attack rates to be essentially constant, a Eethod is given for estimat-
ing them from observed data aird Ior makitrg statistical comparGoDs.

163. HEALY, M. J. R. (1953). Principles of biologrcal assay. (ln:
Modclh methods of planl analysis, edited by K. Paech and M. V.
Tracey.)

An outline is gii.en of the cohmoner statistical techniques us€d in bio-
logical assay. The subjects covered include direct a-ssays. paralel line and
slope.ratio a-ssays with a quantitative respons€ and probit assa)'s. There are
discussioas of the planDing oI assays and of suitable exp€rimental designs, atrd
worked examples oI the recorEoended techniques.

164. HEALY, LI. J. R. & DYKE, G. V. (f954). A Hollerith techoique
for solving normal equations. J. Amzr. slolisl- lss. (In the
Press.)

In the critical analysis of survey data it is often [ecessary to flt constants
to obe€rved data by the method oI least squares. The resulting simultaDeous
(quations are most readily solved by a process of successive approximation,
and a technique is given for carrying out this process on a Hollerith sorter and
tabulator. In data arising {rom a survey of maincrop potatoes involvitrg
soEe thirty equations, the method was about fve tim6 as ,ast as hrtrd
computatiotr.

165. LEECH, F. B. & (BArLEy, G. L.) (1953). The effect on the health
of lactatiog cows of treatment \eith galactopoietic dos€s of
thyroxine or iodinated casein. J. agric. Sci.,43,236.

The efiect orl cow health of galactopoietic stiEulation \vith thyroactive
materials \r'as deteErined from a statistical study of the results of a large
field exp€riment ioYolvins 2,000 cor-s over a ttrree.year period. The same
erp€rimeDtal procedure was lollo*ed on thirty-seven lanrls scattered over
England, Scotla[d and .wales. This procedure u.as planned to ensure that
half the co*'s in each held $rould receive a couEe oI trcatment witi iodiDated
caseio or thr'toxine, and that the othe! hall would constitute a suitable set of
controls. Co*.s that remained itr the herds received second and third treat-
ments in successive lactatiotrs. The galactopoietic stimulatioo was started
at a 6xed interval after calving, irrespective of the season of the year.

The use of the thvroactive materiak in successive lactations did not have
any serious adverse ehects otr the health ol co*.s. The effect on productivity
rvas less thaD had been exp€cted, since the increas€ in milk yietd resulting

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-1-75 pp 33

219

duriDg the period of hormotral treatEert !r'as olteo laryely or coEpletely
[eSatived by a shorteDiag ot the lactation period. The iocideDce of dis€ale
wa.r somewhat Sreater iD the treated than the conkol group, the principal
coatributiotr to this diference being ,roE the diseases described as digestive
disorders. Thete were sorne othet difiereoces oI l€sser significance- The
Iate of disposal oI treated alld contxol groups was almoet idetrtical. There
rvere no adverse efrects on the reproductive lile oI {reated corrs; JactoE
studied rrere the emcieacy of coitus, interval betweetr parturitions, leo8th of
gestatioo and itrcidence oI aboormalities at parturitioB.

Durhg the period of treatEeDt, there was a daiked response in daily
milt yield, but the fat cofltetrt of the milk was not raised. L-Th].loxine
sodiuE replaced iodinated caeeia on twenty-sir Iarms durinS the secoDd and
third yeaIs. There was no sig[ificatrt difletetrce in the oilk-yield responses
resulti-Dt IroE the two druF. Cows readily ate cub€d feeding-stufis contain-
ing thlroxine, but frequently did not relish similar cubes {ortified with
iodinat€d casein.

166. (PATERSoN, A. B.) & LEEctt, F. B. (1954). Factors afiecting tbe
iltraderxoal tubef,culi! rea.tioD otr the guiuea-pig. Arner. Rcv.
TrDe7r. (Io the press,)

Differences itr the dose-r€sponse curves oI PPD a[d OT tuberculins sere
demonstrated otr Suinea-pigB sensitized with dead organisBs in oil; such
difference3 caD be me3sured oDly itr large-scale assays. Sidilar results were
obtained lrhe! the saEe erperiEeot, usht a fresh randomization scheme, sas
repeat€d. altet aD interval of three months, on the silme set of sensitized
gurnea-prgs.

Multiple tubercolin iljections in the s€Eitized guinea-pig depressed the
rcspoose to the itrdividual injectioD. The depression is probably related
to the degtee of s)'stematic respoBse, and is not a locat itrfluence o{ one tuber-
culio reaction on an adj&eut otre.

167. PATraRsoN, H. D, (1S54). The errors of lattice sampliDg. ,f. R.
starist. Soc. B. (In the press.)

Sahples calr be selected ftom af x p x ? x cla-ssificatioD with one
unit itr each sub-cta-ar in such a way tbat tbey hclude equal numb€rs o[ units
,rom each main class or lrom each combiDation ol two, three or more [rain
classes i,l difierellt classifications. Such samples can be natued latl;cc sanLfles.
The pap€r providB a discussio[ oI the eIIoIs ol lattice samples.

}Iethods for (a) det€.miDitrg the erroG oI lattice saEplint trom the popula-
tion dat4 and (6) estimating the errors (if this is possible) from the actual
sample data, are described in detail for the cases ol the, x , classificatiotr
and t}le p x 2 x 2 cla-asi-6cation. The results arc exteDded to the SeDeral
case o, ?D classiicatioD. In additioD, exaEples of lattice samplitrg lrom
P x ? x 9 cl,assiicadons aEd lattice saEpliat at a single stage ol multi-
stage sampling are briefly coflsidered.

168. YarES, F. (f954). The analysis of experidents contaioing
difierent crop rotatioDs. Biornetrics- (In the p!ess.)

Tbe problems adsiDg in tbe analysis of exp€rideDts contai-oing di-fieretrt
crop rotatioos are iEvestigated. When tbe d€sigD of tI€ experimeDt is such
that ea.h block contaios plots which sometimes carry e given crop but do oot
all carry the crop itr the sarne set oI yeaB the year-block totals lffill Dot be
orthogoDal with the plot totals. In most such cases the ftting oI coNtants
must be resorted to in order to obtain separate €stioates oI plot eror aod
plot x year error which are free oI year x block interactions. The method
is illust ated by applicatioo to a rice-pasture experiment containing rotations
of difierent length atrd with difierent proportions oI rice to pasture.

169. YArEs, F. (f953). The lrider aspects oI statistics. (Address
given at the inauguration of the Sixth Aoaual Meeting oI the
Indian Society of Agricultural Statistics.) J. Ittd- Soo, agic.
Srar. (In the press.)

The need ror statisticians to play their part io tbe planniDg of experi.
mental programm€, tle critical appraisal of their rBults as a wbole atrd the
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applicatiotr of the6e resulB to the improvement oI agricultural productioD is
emphasizrd.

170. YArEs, F., (FrNNEy, D. J. & P^NSE, V. G.) (1953). The use oI
fertilizers oD food grains. I-C.A.R- Rcs. Seics, No- t.

AI readily available lacts on respooses of Indian Iood grahs to sulphate
of ammoDia and sup€rphGpbate are summarized. It was louod that the
aitrogeo lespoDses are iD the main very coGisteat, 2.5 Eaunds of train per
acre from 20 lb. N p€. acre beiag a reasonably cpres€trtative fiturc for aU
cereals. For phoephate, respons€s are sEaller atrd more variable. One series
oI experiments oa cultrvatoG' fielals cotrsGte[tly shows appreciable respoDses
to potash fo! paddy atrd maize, suggestilg that the usual statemeots about the
adequacy of potash itr mo6t Indian soils De€d re-€xaBination.

Tlre economics oLertilizer application is ouUhed. The conclusiotr is
reached that, at plesent pric€s, 20 lb. N per acre as sulphate oI aEEotria to
Iood grains will b€ de6nitely proftable on most soils, and tbat atr equal
dr*siog of PrO! u,ill be equaly good if restricted to the Eore responsive soils.
From the poiDt of view o( the national balance oI paymeDts, such manuring is
relatively even more advaDtageous tban it is to indiyidual cultivators: a
large.scale programme ol fertilizer use, iJ necessary tamporarily aided by
imports of fertilizer, could go fa.r towards removing India's lood detcit.

l7l. YArEs, F. & Gnurpv, P. M. (1953). Selection witbout replace-
ment from withitr strata witl probability proportiotral to size.
J. R. statisr. Soa.8.,l,5, 263.

In selectioD with probability proportiotral to size , from witiin strata
uritbout replacemeDt, the usual ioethod oI s€lectiotr gives rise to bias io the
€stimate oI the total of a variate, derived by *ei8hting the units by {,ethts
proportional to llx. By meaos oI trumerical examples it is sbowD that the
amouDt of this bias is usually quite tri\rid. If, however, uDbia-!€d estimates
are r€quired. the true total probabilities oI s€lectioD of the difietent uEits
can be easily calculated tor samples of 2, atrd with coosiderably more labour
fo! saEples of 3.

The bias in the ordhary forDula {o! ttre €stiEatiotr of error is also i!-
vestigated, and the lormula is showo to be reasonably accurate. An unbias€d
estim;tor put lorward by Horvitz and Thompson in 1952 is shown to be very
ine6cient, and a new uobiased estimator is 8iveD.

A method for rcvising the size measu!€s so that with the usual method
oI selection the tiue total probabilities of s€lectiotr are proportional to the
origioal size measunes is Biven for samples ol 2. Horvitz aDd Thompson's
solutroD of this probleE do€s trot appear to Sive satisfactory approximations
itr the cas€s met with in practice.

The s€lection oI succ€sive EeEbers oI a sample with arbitrary sets oI
probabilities choseo solely so that the total Probabilities shall be proPortiotral
to the oritiDal size measules, which has been advocated in various quarters, is
criticized.
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