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Phpics Departnent

BooK

1.1 MoNrErrH, J. L. (editor) (1961) Photosynthesis of productive systems.
(English &aft by Israel Program for Scientific Traoslation, Jerusalem,
from Russian by A. A. Nichipovorich, Moscow, 1966.)

GENERAL PAPERS

\.2 PENMAN, H. L. 0968) EvaporatioD. It: Manual of Btitish water
engineerw practice, 4th edition (Inst- Water Eng., London),

1.3 PENMA\ H. L. (1965) Defining the plant envhonmett. Rep. Welsh
Pl. Brced. Stn for DA, 1%-132.

1.4 PENMAN, H. L. 0967) Weather, 1966- Truns. Herts. ,at. Hisr. Soc-

, 209.

RESEARCH PAPERS

t.5 I-oNc, I. F. (1968) InstrumeDts aDd technique,s for measuriDg the
micro-climate of crops. Proceedings of the British Ecological Society
Symposium (Readiog, 1967), pp. 112.

A good meteorological station is desirable alongside the expedmental site, to
measure geueral local climate, The site should be free from topographical
irregularities, aod the cropped area should be big enough to provide adequate
fetch, and to minimise advective effects. Among quantities to be measured are:
temperature (ak, soil, plant); humidity (vapour pressure in the air, water content
in the soil, dew and leaf-wetn€ss oo plants); ventilation; and radiation (total
income and components, net and reflected). All need to be measured at several
levels (in air, above and within the canopy; in soil, to beyond the expected
range of root groEth). Continuous recording is desirable, ac{€ptiug some un-
cenainty in periods of rain. Standard equipment is rarely adequate. Ignoring
radiometry (see 1.10), the pap€r gives construction details, and examples of
performance of instruments dsrigned to measure temperature, humidity and ait-
flow.
Temperature. Thermo{ouples, thermistors and resistance thermometers are
compared, with examples of advantageous us€. Resistance-thermometer con-
structioo is described, to produce ulits adequate for measuring soil temperatures,
leaf temperatures and air temperatures with both dry- and wet-bulbs.
Humidity. The wet- and dry-bulb psycbrometer is described, with corrections
for le$ than full yentilatiotr, and a chart for converting temperature readings to
vapour pressruqs. A variation in circuit design will give an approximate estimat€
of dew-point temperatures, and two such units, at two heights, will give, more
accurately, the difforence in dew-point between the heights. Th€€ such units
(near ground, in canopy, above canopy) can reveal times of onset and duration
of persistence of dew, aud its source. Very light deposits can be detected by a
surfac€ wetness recorder: irigated and non-irigated crops give different
aesponses.
Soil-water content can be measured by a ueutrou-scattering technique that
shorfls where the water is b€ing extracted.
Air-fuw. C\9 aremometers are used above the crop, A switch system (de-
signed to avoid some foreseeable sources oferror) gives one impuls€ for about 60
metres run of the wind. Logging is automatic (gaphical and digital), either on
mains or battery operation. Within the crop a hot-bulb aDemometer takes up
yery little spac€ and is more seositive than rotating cups.

352

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-1-120 pp 4

ABSTRACTS OF PAPERS

1.6 PARKTNSoN, K. J. (1968) Bio€lectric potetrtials of iDtact green plaDts.

III. Effects ofjacketing. I. exp. rorarr. (In the press.)

When measuring the potential difference b€tween two regions ofan oat s€edling
if a region of the tissue between the measuring contacts is surrounded by a
mineral salt solution, the P.D. may chang€. This change is shown to be €qual to
(8, - E)l( + R'/,RJ, where Er is the E.M.F. gpnerated bv the shunted tissue

and ,R, its resistance, and E is the net E,M.F. getrerated at the shunting solution
and the tissue interfaces and R! the shunt resistance, exp€cted to be proponional
to the specific resistaoce of the shu[ting solution. HoweYer, in these experiments
.Rr/Rl was close to urity due to a large tissue to shunting solution r€sistance and
thire, was no relationship between the P.D. change and the resistanc€ of the
shunt. where the shunt was applied betwe€n two dissimilar regions of the plant
(coteoptile and primary teao, E: changed with concentration of the shunting
solution, and hence the measured potential difference changed by Yarious

amounts. When the shunt was applied to a primary leafalone E: was indep€ndent
of solution coucentration and the changp in P.D. was coEstant.

1.7 PEr'tr'{AN, H. L. (1968) The inefEciency of world farming. In: Certennial
Symposium, Faculty of Agricultwal Sciences, American U ve,sity of
Betqt, Lebanon.

Agriculture is a method of conserving solar energy for future use: a theoretical
upper lirr,it for the efficiency of fixation is near lel. Where agriculture is

tr&ed as an industry, good farming achieves an efficiency oeat l%, some experi-
m€nts do better aod for short periods within a growing season e6ciencies of 3
or 4% have beeo attained. It Deeds fundamental research to determine what are

the limitations on improvement of good farming. over much of the world-
usiog cereals as a test-crop gtoup----efficieDcy is not much above 0'l/o, in a few
countries because of lack of rain but in most for other reasons. In the 6lst group

irrigation will hetp, but elsewhere there are probably other limiting factoE that
need diagnosis and attention 6rst: irdgation can never be a substitute for skilful
matragpment of healthy crops.

l.E Pnr'aN, H. L. (1968) AYailable and accessible watff,. Ptoc. 9th int.
Congr. Soil Sci. (Adelaide 1968.)

Measuremeots on a loam soil gave a diffusity raoging from 20 (wilting point) to
2m (near field capacity) cmt day-l. Starting with these data' traosfer rates are

calculated for a complete crop cover oo such a soil, with the root system arrang€d
in parallel sh€€ts (,l() cm deep) at two spacings (2 and 20 cm); with and without
a deep subsoil; for two imposed rates of potential evaporation (02 and 0'6
cm day-l); and with all further resistance either wholly in the atmosphere or all
in the plant. Drastic mathematical aod physical assumptions are necessary.

Results are as curves of accumulated actual evaporation, >Er, against accu-
mulated potential evaporatioD, xEr. The curves vary as greatly as published

field experience. The main results are: (i) the larger E", the smaller the value of
,E, at which >8, becomes less than )Er; (ii) at close spaciDg (dens€ root system)

it is immaterial whether the external resistance is in the plaot or in the atmo-
sphere, but at wide spacing platrt resistaoce (if any) can cause an early check to
tianspiration; (iii) when there is uo subsoil the Veihmeyer coocept is very nearly

exact, particularly at the lower rate of potential evapoBtioo.

1.9 RosE, D. A. (1968) Water movement in drv soils. I' Physical factors
afrecting sorption of water by dry soil. J. Soil Sci- 19. (In the press')

Semi-iofinite columns of dry soil closed at one end had the other exposed to a
turbulent atmosphere at constant relative humidity (0'98) and a ratrge ofconsta.nt
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temperatures. After varied tim€s the water conteEt of the columns was rncasurcd
gravimetricalty, in l+rn layen, from which the total quantity taken up, g, and
the distribution of water content 0 with time , aod distance .r were found.
Assuming that the BoltznaDn transform, ).: rr-rlr, can be applied to the
standard diffusion equalion, two soil paramete$ are derived, A test of the
assumption is that 0 shoutd b€ uoiquely depeodent on l, and then the difusitiry
is calculable from

D(0) : -l
where 0r is the initial uniform water content. The s€cond paramet€r-the
torptiity, S: Or-vr-is not independeDt of 0r or the value maintaiDed at

Results show that itr a clay soil, betw€en pF 5.8 aDd 4.2 qater moves pre-
domioantly as vapout: in a nou-swelling silicate mireral (sepiolite) there is
significant liquid movement between pF 5.1 and 4.2. Ioug+ontinued use of
organic manure has little effect on either D or .t; aggregate size has some efrect,
in opposite seases for a satrd aEd a clay; a mulch or a still atmospherc affects S
but oot D; evaporation supprcssilots decrease S; ignition decreas€s S and
greatly alters D; and degadation of skucture caus€s small changes in D.

l.l0 SzEncz, G. (1968) Measurement of radiaot eaergy. Proceedings of th.
bitish Eco@ical Society Syrytosium (Reading, 1967), 109-130.

Total solar radiation falling on a horizontal surface can b€ divided iDto two
components: dircct radiatiou from the suD, and difiuse radiation from thc sky.
A differeut but, for ecologists, more importaot division is by sp€ctral regions:
the solar spectrum in the 0.!3.Gp baod can be split into visible or photo-
sytrthetically active radiation between 0.4 and 0.7 p and near iafra-red radiatioB
between 0'7 and 3'0 9..

Atmospheric water vapour, carbon dioxide and the surface of the earth also
exchange radiation with an intemity proportiooal to the fourth pow€r of their
absolute temperatures. This radiation is commonly referred to as long-wavc
exchange; the sp€ctrum extends from about 3 to E0-100 p.

Most of the net radiant enersr-the balance between all the iocoming and
outgoiug components-when absorbed by plants and animals is transformed
ioto heat. To dispose of this large amount of eDergy----about half a kilowatt per
squiue metre in bright sunshine-plants transpire, aoimals sweat and both
expose theDselves to the cooliDg wind. B€tween 0.4 and 0.7 p some of the aE
sorb€d radiation is us€d in photosyDthesis and a small fraction of it is stored itr
the etrd products. The huma! eye is also seEsitivc to this rcgioD, but with a
different and well{efned spoctral r€spoDse.

Iocoming and reflected solar radiation are measured by thermopil€s whosc
surfaces are protccted from wiad and weather by glass domes. Visible radiation
is measured by combining the thermopiles with cut-off glass 6lte6. Net radiation
is measured with blackened flux-plat€s, which are either protected by polythe,ne
domes or ventilated by a fast jet of air that swamps the effects of the wiod.
Iuside crops, where radiation is uneveo, long tubular solarimeters and Det-
radiomete$ cau be used to give good spatial averages.

Solarimeten are calibrated agaiost sub.standards in Meteorological Omcc
Detworks, and Det radiometers in tum can b€ calibrated against solarimeters by
"shading". For photocells calibrated against solarimeters iE daylight, caution is
necessary when using thcm in artificial light. Because of their uniform spectral
rcspome, thermopiles read in absolute enerE uoia but photocells i! uDits of
3v
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lumilous enerry. The two are comparable only wheo the sp€ctral composition
does Eot changp appreciably with inteDsity.

To obtain consistency and good quality itr measutements, it is often worth-
while to s€ek advice from meteorologists or physicists on the aYailability of
measurements iu the national network, atrd on facilities for calibmtiolr.

1.11 TnoM, A. S. (1968) The exchaoge ofmomentum mass aDd heat between
an artificial leat aDd the air flow in a wind tunDel. Quafi. Jl. R. met.
Soc.94, 44-55.

InyestigatioD of a proposed relationship betrv€€n the skin friction part of the
drag on a Datural surface and a simultaneous transfer of mass or (sensible) heat
led to measurements of the dimensionless traDsfer cae6cients Ca, Co and Ct
for the exchange of (stream-wise) momentum, mass atrd heat between a single
artiocial leaf aEd th€ airflow in a wiod-tunnel. It lvas shown that Co,n:
C{Dl,r, flt)a'where D, r and v are the molecular diffusivities io air of gas or
yapour, he3t and momentum, and where co is a generalised mass or heat-
transfer coemcient almost indep€ndent of d, the angle of incidence betweeD the
leaf and the airflow. Ca, however, made up of a blufr-body or pressure part G,
in addition to a molecular skin-frictior part Cr, depended stroogly on {. C.
was clos€ to the theoretical skin-friction drag coefficieot at { : 0 of a thin flat
plate with dimensions similar to the leaf. As a geoeral relation b€tween the
iorrcsponding coemcicnts of a tratural rough surface Ct : lCo, \ here p lies
between o'1 and udty, dependiqg oD the form and inclinatioD (d) of the rough-
n€ss elements, and on wind speed.

Co was shown experimentally to be proportional to (wind speed)-u' in a regime
of fully forced convection. When the evaporation from one side of the leaf was

stopp€d the transfer coemcieDt for the removal of vapour from the other side

increased by about 3014. An accurate form ofthe psychrometric constant ofthe
leaf includ€s the factor (dr)!3, which has the Yaluo 0'90 for water Yapour.

Chemisfry Departuent

THESrs

BoLroN, J. (1967) Tho distribution aod ayaiLability to plants of sodium
aod other cations in soils. Ph.D. Thesis, Universitv of London.

GENBAL PAPERS

BrNzr*r, B. (1967) Nutrition experiments in forest nurseries. Plros-
phorus in Agicultue, No. ,+6, 29-35; Fr€och edition: Phosphore et
Agriculture, No. ,{6, 35-43 (Bull. Docum. Ats. ifit. Fab. Superphos.
No. 46).

BENZTAN, 8., BoLToN, J., CoITLTR, J. K. & Ma,fnNcLY, G' E' G.
(1967) NutdtioD experimeDts in forest nurseries. Rep. Forest Res.,

Iond., 1966,99-102.

BENZTAN, B., BoLroN, J., & MrrrrNcrv, G. E. G. (1967) Nutrition
experiments in forest Durseries. Rep. Forest Res., Iatd., 1967, 131134.

BsNzrAN, B- & FREEMAN, S. C. R. (1967) mect of "late-s€ason" N and
K topdrcssiogs applied to conifer seedlings and tramplants, on nutrieut
concenhations in ihe whole plant and on growth aft€r transplantiog.
Rep. Fotest Res., Ipnd., 1967,l3rl4,.
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2.6 CooKE, G. W. (1967) Advice on using fertilise$ 186l-1967. Jl. R.
agric. Soc. 128, 10,-124.

2.7 CooKr, G- W. 0967) The effect of farming systems, clop rotatioDs and
other factors oD the profitability of fertilisers us€d or arable crops and
grassland. Symposium on the economic asp€cts of the use of fertilisers.
Geneva. Published by FAO, Geneva, ST/ECE/AGRV26, Vol 1, pp.
92-147.

2.8 CooKr, G. W. 0967) The value, and valuation of fertilis€r residues.
Jl. R. agric. Soc. 12f,7-25.

2-9 CooKr, G. W. 0968) How serious is soi.l compaction ? Aruble hN 2,
no. 3, 1G19.

2.lO CooKE, G. W. (1968) Soil fertility problems in cereal growing. Cerer
!,o.2, pp. 3-6.

2.11 SALr, P. D. (1967) Determination of potassium and rubidium itr the
presenc€ of each other. Method Sheet No. 900/12, June 1967. Unicam
lnstruments Ltd., Cambridge.

2.12 SALr, P. D. (1967) Soil and plant analysis by flame emission sp€ctro-
photometry. Spectrovision r!o.18, pp. 9-12.

2.13 WDDowsoN, F. V. (1968) Why starve glass'! Dairy Farmu February,
3,+-36,5s.

RFSEARCH PAPERS

2-14 DEKr, J. & TALIBUDEBN, O. (1967) Ion exchange in soils from the ion
pairs K-ca, K-Rb and K-Na. "/. Soil Sci. 18, l2ll37.

Isotopic exchauge of a'K, tNa, 30Rb and lsca was used to measure the equilibria
between some arable soils and mixed chloride solutions of the ion pairs K-Ca,
K-Rb and K-Na; the results were interpreted by a thermodynamic treatment
of the exchange isotherm. The cation-exchange capacities of the soils were not
constant for the three iou pairs and decreased appreciably with K-saturation in
the K-Ca systems because Ca ions were trapped inside the iuterlayer spaces,
That soils preferred K to Na in the K-Na systems, and Rb to K in the K-Rb
systems, is explained in terms of the standard free+nergy changes ofthe exchange
roactioos.

The activity coemcieots of the adsorbed ioos, I changed with K-saturatiotr
differently for the thrce ion pairs: /n" atrd i:. decreased continuously with in-
creasing K-satuation, whereas /au remained almost constant. However, with
increasing K-saturation 

^ 
iucreased in the K-Na systems, remained unchauged

in the K-Rb systems and fust incre3sed aud then decreased in the K-Ca systems.
Thcs€ changes are interpreted in terms of the €ffect of the various ions on the
interlayer space of 2:1 type clay minerals and the possible distribution of
adsorbed ions between the Gouy and Stern layers.

2.15 DErsr, J. & TALTBUDEEN, O. (1967) Rubidium 86 as a trac€r for ex-
chaDgeable potassium in soils. ,9oil sci. ,0,, 119-122.

A method usiDg RbS6Jabe[ed RbCl solution was tested oo four contrasting
soils to determine from the kinetics of Rb exchange, the amount of fixed Rb+
adsorbed on cation€xchange sites in soils not accessible to K+ ions. The values
obtaiDed are clos€ly related to the clay contents of the soils. Rb: K exchange
coEected for such fixed Rb gives values for exchangeable K very similar to K+
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cxchangeable to N ammonium acetate. It is suggested that Rb86 could be used
in exp€riments lasting +5 months with plants in the glasshouse to determine the
K available to plants, provided the results wete corrected for such fixed Rb+,
determined by the simple exchange kinetics experiment described, and the
r€sults corected accordingly.

2.16 DErsr, ,. & TALTBTTDEEN, O. (1967) Thermodynamics of K-Ca ion
exctrange in soils. J. SorT Sci. f8, l3E-148.

Cation-€xchaDge characteristics of the K : Ca saturated forms of five soils were
measured at 25'and 50'C. Isotopic exchange of &K and rsca was too fast to
be measured except of 0K in the K: Ca Harwell soil at 25' C. The slower
isotopic exchangp of K iD this soil was attributed to the presetrce of a zeolite,
cliloptilotite. The intra-particle diffusion coemcient, Dr, of K in this soil in-
creased with K-saturation to a maximum at about 40r( K, probably because of
the "blockiDg" actioo of the larger hydrared Ca ions at small K-satumtions in
cliDoptilolite.

The CEC, measured by isotopic exchangE along the K : Ca adsorption iso-
therm, decreas€d with increasing temperature, probably becaus€ some interlayer
spaces collaps€d.

the standard fr€e energy, enthalpy and entropy changes were negative for the
reaction Ca-soil + 2K+ + 2K-soil * Ca+*. These results seem to show that
K is more strongly bound thao Ca by the soil aDd that the Ca-preference showo
by the isotherm at small extemal electrolyte conceotration is caus€d by entropy
chaDges in solution.

Catculated activity coefficients of the exchaugeablc ions changed with K-
saturatioo similarly at both temperatures, but values at 50' C were smaller than
at 25" C.

2.1'l Gxsrx, J. K. R., GRTENLAND, D. J. & RAwsoN, R. A. G. (1964
Measurement of losses from fertiliser nitrogen during incubatioB in acid
sandy soils and during subs€queot growth of ryegrass, using rsN-

Iabelled fertilisers. J. So/ Sci. 18, 289-3m.

Ammooium sulphate aDd calcium nitrate both containing excess rEN were
applied to four acid sandy soils; two were from old arable fields and t\f,o from
grassland, s€lectod so that one of each pair was about pH 5 and the olher about
pH 6 (in water). The soils were incubated for 6 weeks at 21' C in large glazed
earthenware pots, one set with the nitrification inhibitor 2-chloro-qtrichlorc.
methyl)-pyridine added and aoother without. Ammonium and nitrate N were
determined at intervals, and the total-N at the start and after 6 weeks. The
atom p€r cent r5N in the mitreral-N extracted from soils tleated with ammonium
sulphate was determined after 0, 3 and 6 weeks, and in the total-N of all the
soils giveD N-fertilis€r at 0 and 6 weeks.

Much added N was immobilis€d at fust, but some was re-mineralis€d during
the second half of the incubation. Mineral-N extracted from soils treated with
ammonium sulphate contained less r6N than the fertiliser added, showiDg that
part of the apparont re-mineralisation du ng the second half was from un-
labelled soil orgaoic matter,

After incubating for 6 weeks less than 5% of the N added as nitrate was lost,
but about fZ of the labetlcd-N added as ammonium sulphate was lost from the
two grassland soils. Adding the inhibitor prevented this loss.

After hcubating, the soil remaining in each jar was halved to provide duplicate
pots aDd sown with ryegrass. A similar series of pots with the same treatmeot

3s7

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-1-120 pp 9

ROTHAMSTED REPORT FOR 1967

(but with unlabelled fertiliser) was also prepared Aom the soils that had becD
stored slightly moist and at 21o C; thes€ were sown with ryegrass. All pots werc
harvested after 42 days and agaio after 70 days.

More than 93f of the labelted-N was recovered itr plaDts and soil, except from
the two grassland soils to which calcium nitrate was added. It is concluded that,
altbough a little nitrogen may be lost during oitrification iD some of these soils,
more nitrogen may be lost during the growth of grass, when nitrate is relatively
abundant.

The nilrificatioD inhibitor decreas€d yietds of grass at the first cutting on
grassland soils treated with ammonium, but increased them on soil treated with
nitrate, suggesting that changhg the proportions of Ditrate to ammoDium by
adding the inhibitor alte$ the growth rate and yield of grass.

2.18 GAssER, J. K. R. & IoRDANou,l- G. (1967) Eff€cts of ammodum
sulphate aod calcium nitrate on the growth, yield and tritrogen uptake of
barley, wheat aod oats. t. agric. Sci., Camb.68, 307-316.

Barley, wheat and oats were grown in the 6etd and itr pors without fertiliser-N,
and with ammonium sulphate or calcium nitrate. In the field fertilisers supplied
50 and 100lb N/aqe, in the glasshouse t00 aud 2OO lb N/acre (calculated from
the surface area of the pots). PIaDt samples were removed at various stages, dry
weights measured, percentage N determined and N uptake calculated. Samples
taten after the ears had emerged were divided into e3r and straw. The coleolF
tiles emerging, and cars in the later samples, were counted, Soil samples were
taken after removing the plants grown iD the glasshous€, aod anaiysed for
ammonium and nitrate.

In the glarshour dry matter produced and N uptake depended oo the amount
ofN available, and inqeas€d with increasing fertiliser-N applied. The forms did
not affect yield of dry matter or N uptake. Soil analys€s showed that all am-
monium fertilis€r-N was nitrified 46 days after sowiDg.

In the field dry matter was increased by applying fertilis€r-N, although thc
iocrease from the s€cond increment was much less than from the first. N
uptake depended on the amount applied, and increased with each inEerneDt of
fertiliser-N. On average of all crops with fertiliser-N, more dqr matter was
produced by Ditrate-N thatr by a(lmonium-N in the later stages of growth, and
morc N was taken up from nitrate than from ammonium.

From flowering to maturity, the N conteDt of straw decreased for all threc
crops and lhe N content of the grain increased, The weight of barley straw as
dry matter similarly decreased, but \f,heat and oat skaw weighed most at the
mealy ripe stage.

The recovery of fcrtiliser-N by barley and wheat fluctuat€d about values of
58 a,id 6fA from 56 days to harvest, whercas the recovery by oats was 9g%
after 80 days (Eowering), decrcasing to 59f( at harvest

Although applyiog fertilis€r-N usually iDcreased the number of ears pcr
square foot, dry matter per ear and N uptake per ear for crops both in the field
and glasshous€, the effects differed between crops. Similar p€rceotag€s of
applied N were recovercd from the smaller and larger amounts by crops growu
in the greenhous€, whereas iD the field the recovery from the larger dressing
was less thau from the smaller.

2.19 G.lsser, J.K. R. & Pnuvr, A. (1967) The valuc of urea nitrate and ulra
phosphate as nitrogen fertilisers for grass and bartcy. ./. ogric. Sci.,
Canb. @, 139-146.

Urea nitrate, urea phosphate and a mixture of urea phosphatc and urea werc
tested as nitrogeD fertilis€B to 6Dd whether the prcs€lcc of the a.oion decreasca
358
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the damage urea do€s to germinating seeds and s€edlings and increases the
efficiency of urea by preventing loss of ammonia.

Urea Ditrate was compared with ammonium sulphate for grass grown in pots
in the glasshouse and with ammonium nitrate for p€rmanent grassland in the
field, In the glasshouse a large dressing of urea dlrate damaged the early gowth
of grass in sandyJoam soil. On avemge of sandy-loam and clay-loam soils with
a small dressing of fertilisers, gxass recovered similar amounts of N froD urea
nitrate aod ammonium sulphate; with the large dressing it recovered less from
urea nitrate-

In the field 100 and 200 lb N/acre were applied to p€rmanent grass, which was
cut twic€. The herbage was "scorched" by the urea nitrate b€cause its solution
is very acid, Urea Ditrate at 200 lb N/acre producrd less dry matter, contaiDiDg
loss oitrogen, than did arnmonium nitrate.

Ur€a Ditrate, ulea phosphate and urea phosphate-urea mixture were com-
pared with ammonium nitrate for barley and gass grown in clay-loam ard
sandy-loam soils. Tests were made of 33, 6'l and 10O lb N/acre for barley alrd
l0O, 200 and 300 lb N/acre for ryegrass; the fertilisers were applie.d immediately
before sowing. OD the light Wobum soil early growth of barley was least good
with urea nitrate, lvhich also damaged the early gro'lth of grass.

Urea nitrate was as good a nitrogen fertiliser as ammonium tritrate; urea
phosphate atrd uea phosphate-uea mixture were better.

Urea Ditrate damaged early gxowth because the urea hydrolysed to give fre€
ammonia. The nitric acid probably does not decreas€ the damage becaus€ it is
mobile and diffuses rapidly through a large soil volume.

Urea phosphate does not damage platrt growth b€cause the phosphoric acid
is relatively immobile and makes the soil around the granules acid; this causeo
the urea to diffuse into a larger soil volume before being hydrolysed, and also
provides the locally acid soil needed to absorb free ammonia released from the
urea-

Both fertilisers have good physical forms. Urea Ditrate is a dry crystalline
powder, and ulea phosphate crystallis€s easily- Urea phosphate has coDstant
composition and s€ems a potentially valuable iDtermediate for producing NP or
NPK mixed fertilisers. With present agdcultural practic€, urea nitrate has much
less potential use as a fertiliser.

2.2o HorI, P. B. (1967) Chtorophyll-tj,pe compouods in soil. [I. Their
signGcanca in arable soils. PJ. ,Sar7 26, 5-13.

The quantities of chlorophyll-type compounds in a goup of 24 arable soils
werc significartly correlated wirh nitrogen uptake (r : 0'79) and yield (r : 0'84)
of ryegrass grown in pots in the glasshouse. Partial correlation co€mcieDts
showed the amounts of mineral N released on iDcubating the re-wetted air-dry
soils were related both to chlorophyll units (measue of cblorophyll-type com-
pounds) and organic C. The cblorophyll units (CU) apparently represented
some fraction of organic matter that liberated inorganic niirogen, because
chlorophyll-typ€ compoutrds in the soil were not enough (oDly 0'5-3'0 lb/acre)
to suppty this nitrogen. The compounds were probably a residue that r€sisted
decomposition. The CU in soil ploughed from ley decreas€d very slowly during
3 yeaIs of arable cropping.

2.21 Kuaore, T. & WTLUAMS, R. J. B. (1967) The effects of changes in soil
compaction atrd porosity on germination, €stablishment and yield of
barley and globe beet. J. agric. Sci., Camb. A,2n-233.

Two degrees of compaction, "heavy" with a flat-tyred vehicle wheel and "light"
with a riog roller, were given to the seed-Hs after sowing barley and globe beet
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on thrce contrasted soils. ChaDges in pore space of the soils and the respons€s
of the crop to the changed physical properties were measured. The sites us€d
were: Barnfield at Rothamsted, a heavy clay loam long und€r fiable cultivation
and containing little organic matter; Pastures Field at Rothamsted, a field of
silty clay loam ploughed after an 8-year ley; Stackyard field at Wobum, a light
sandy loam long in arable cultivation aDd containing little organic matter.

The contributions of the large-sized pores to total pore space in f-in.-diameter
clods was lessened by compaction, whereas the small-sized pores (<0.O4 mm
diameler) in the l-2-mm aggregates were not affected. The effects of compaction
became less with depth and were negligible 8-10 in. deep. The heary soits
compacted more thao the light soil. The healy soil where the ley had glown
showed very little effect from compaction at 3-5 in. depth.

Germination of barley was related to the pore space contributed by the large-
sized pores in the top 3 in. of soit. The apparent density critical for germination
\4as greater on the light than on the heavy soils.

On the light soil, compaction increased the tendency to form a hard surfacc
pan, which s€verely restdcted root penetration; on the heavy soils, surface
cracking diminished adverse conditions for crop grow1h caused by compaction.

"Light" compression with a ring roller did not depress yields of either globe
b€et or barley on the heavy soils, but did on the light soil. Heavy compaction
with the vehicle wheel decreased crop yields greatly on the light soil, less on the
heavy arable soil and least on the heavy soil following a long ley.

The concentration of N, P, K and Mn in the crops at harvest were not con-
sistently related to the compaction treatments. Compaction lessened the ratio of
phosphorus/nitrogen taken up by the crops on the light soil, but efrects on
uptake from the heavy soils were much smaller.

2.22 WrDDowsoN, F. V., PENN'Y, A. & Wruaus, R. J. B. (1967) Results of
an experiment at Wobum testing farmyard manure and N, P and K
fertilisers on five arable crops and on a long ley. II. N, P atrd K re-
moved by the qops. l- agic. Sci., Camb. 68,293-3cf.

From 1960 to 1964 an experiment at Woburn measured yields and the amounts
of N, P and K removed by five arable crops (barley, gass--clover ley, potatoes,
oats aDd sugar beet) and by a long tey; each lvas manured with all combinatioDs
of N, P and K fertilise$ and with farmyard manue (D) and with both fertilisers
and farmyard manure (DNTPK and DN,PK).

The amounts of N, P and K obtained by each crops from the soil were
measued. Sugar b€et (tops and roots) and potatoes (tubers only) obtained most
N (82 and 67 lb respectively) and oats and barley (gain aod straw) least (24 and
2l lb/acre respectively). The rotation ley (grass aqd red clover) fxed more than
250 tb N (in four cuts, one ofwhich was in the seeding year) when giveo PK, and
the long ley (grass€s and white clover) fixed 120 lb N/acre annually. The leys and
the sugar b€et obtained most P (21 and 18 lb P/acre) and barley least (7 lb,/acre).
The rotatioo ley and the sugar beet removed most K (138 and 132 lblacre
respectively) aod barley the least (20 lb/acre). The amounts of N, P and K
removed by each crop differed greatly in different years, and did so most with K
(range 1 : 4) and least with N (range I : 2).

The amounts of N, P and K apparently recovered from the fertilisers were
also measured. Sugar beet (roots and tops) recovered most N (58 andTeA of the
single and double dressing respectively), and potato€s (tubers ooly) the least
(38 afi,32D- The rotation ley recovered most P (l2ZJ and oats the least (2%).
They recovered much more Ki the long ley and the rotation ley recovered most
(61 and, 54:/1 rcsp@lively) and oats and barley the least (l I and 970. The mean
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recovery by potato€s and sugar beet w:rs small, b€cause initially they did not
respond to K.

The mean amoutrts of N, P and K added in 20 tons/aqe of FYM were 292,
124 aDd 315 lb/acre resp€ctively. Of this, potato€s and sugar beet recovered
firean amourts of 43 lb N, 8 lb P and 80 lb K/acre and sliehtly more when
fertilisers w€re also givea. Sugar beet atrd potatocs took up less N from FYM
than from ammonium nitrate, and the percentage recovery was also smaller,
but they recovered more P from FYM thao from superphosphate, and the
perc€ntage recovery was tbree times larger. They also took up more K from
FYM than from potassium bicarbonate, but the perceDtage recoverics from
FYM and from potassium bicarbonate were similar. The long ley recovered
proportionally l€ss N aDd K, but more P, from FYM than from fertilisers.

The amounts ofN, P and K removed by the five arable crops (lb/acre) ranged
from 4O0 to 800 of N, 50 to 100 of P and 250 to 900 of K. The largest losses
from the soil (after subtracting the N added by the clover ley) were about 20O

lb of N, 65 of P and 4O0 of K, and the largest gahs to the soil (from manuring)
were 500 lb of N, 270 of P and 500 of K.

2.23 wrDDowsoN, F. v., PENNY, A. & wn-Ll Ms, R. J. B- (1967) Experi-
ments measuring effects of ammonium and nitrate fenilis€rs, with and
without sodium aDd potassium, ou spring barley. l. agric. Sci., Camb.
69, 197-207.

Thirteen exp€riments, made on soil overlying chalk, compar€d yields of spring
barley at ear emergence, and of ripe grain, from ammonium sulphate and from
calcium nitratg from sodium nitrate or sodium chloride or both, and from
potassium nihate or potassium chloride. The amounts of N, K, Na and Mg in
the green barley, and of N in the grain, werc measured.

N greatly increas€d grain yields in all but one experiment, where the barley
followed sugar beet. Calcium nitrate gave larger grain yields than ammonium
sulphate in three-quarters of the comparisons, but gave much smaller yields
than ammonium sulphate on one light soil in 1964 when much rain fell after the
fertilis€rs had been applied. Grain yietds from calcium, potassium atrd sodium
nitrates were ngrly the same.

Na stightly iDcreased graitr yields in three and K in two experiments; combine-
drilled P or PK fenilisen increased them in every experiment.

Dry yietds of green barley (at ear emergence) and of grain were similar, but
each year the green barley contained more N than the grain.

In the green barley % K and % Na were increas€d geatly, and % Mg slightly,
by increased N. % K was slightly increased by K and by Na; I Na was doubled
by Na and decreased by Ki'A Mg was decreased by Na and K-

The mean ranges in uptake (lb/acre) by the green barley were 6l-!20 of K,
2.1-10.8 of Na and 2'7-5'1 of Me.

2.24 WrDDowsoN, F. v., PENNY, A. & WLLIAMS, R. J. B. (1967) Experi-
ments comparing the eff€cts on yields of potalo€s of three methods of
applyitrg three amounts of NPK fertiliser and the residual effects oD
following winter wheat. .r. agic- Sci-, Canb. 69,241-253.

Seven experiments on heavy soils from 1962-65 measued yields of main-crop
potatoes with 0, 5, l0 or 15 c,wt/acre of 13-13-20 fenilis€r; (1) broadcast aod
worked into the soil by s€€d-be.d preparations; (2) broadcast on the final seed-
bed; (3) placed in bands 3 in. from the s€e.d centre. Wheat followed the potato€s
and was given 0, 5 or 10 cwt/acre of the equivalent of 13-13-20 fertiliser, in all
combiDatioDs with the fertilis€r treatments for the polato€s.
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Fertilis€r gx€tly iDcrcased potato yields and 15 cwt/acre of 13-13-20 was
justified, provided it was broadcast. Both methods of broadcasting gave similar
yietds with 5 or l0 cwt/acre, but with 15 cwt/a6e working the fertilis€r hto the
seed-bed usually gave more. Placing in bands beside the seed was the b€st method
in four experiments with 5 cwt, in two with l0 c,wt, but never with l5 civt/acre of
feniliser.

Yields of green wheat, and of grain and of straE were increased by residues
of fertiliser applied for the potato€s, but were increased much more by freshly
applied fertiliser. The increases in grain from the residues equalled those pro-
duced by one{uarter as much freshly applied fertiliser. The residues had smallest
effects when the \ hter was r ettest, aDd effects werg the same however lhe
fertiliser had been applied.

Greeu whcat (at ear emergence) contained slighdy more N, oDc-flfth l€ss P,
but two aDd a half tim€s more K thao the ripe grain atrd straw togeth€r.

Pedologr Department

RESEARCH PApERs

3.1 Brroi,GIELD, C. (1967) The effect of some phosphate f€rtilisers on th€
oxidation of elemental sulphur in soil. So,7 Sci. 103, 219-233.

The oxidation of elementa[ sulphur contained in granulated diammonium
phosphate aDd triple superphosphate mixtur€s and in wax<oated dia.mmonium
phosphate pcllets was compared with the oxidatioD of sulphur alone. The
fertilisers were incubated for 20 weeks in a silty clay loam GH 4'4) with and
without calcium carboDate,

Diammonium and triple superphosphate promoted the oxidation of sulphur
in both acid atrd calcareous soil.

About the same amourt of sulphur was oxidised in the acid soil with wax-
coated peueted diammoDium phosphate as with sulphur alone, but in the limed
soil considerably more was oxidis€d with sulphur alone. In the acid soil most
sulphur was oxidised with the gmoulatcd superphosphate, and in the limed soil
most with the granulated diammoDium phosphate.

After incubating for 20 weeks very much less phosphate could be €xtracted
from the wax-coated pelleted form than from the granulated diammonium
phosphate.

3.2 (HoDcso\ J. M-), C^Tr, J. A & WEIR, A H. (1967) The origin and
development of Clay-with-flints and associated soil horizons on the
South Dowtrs. t. Soil Sci.18, 85-102.

Clay-with-flints rests otr remnants of the exhumed sub-Eocene surface, which is
shown to be an important geomorphological feature of the West Sussex Downs.
Mineralogical and other soil-profrle studies indicate that the deposit has de-
veloped by the action of cryoturbation and soit-forming proc€ss€s oo a thiD
cover of Reading Beds clay left on the sub-Eoceoe suiface during the southward
recession of a small Eocene escarpmeDt. Two horizoos corresponding to Clay-
with-flitrts sensu stricto of l-aveday (1962) are recognised. The basal horizon is
composed partly of insotuble Chalk residue, but mainly ofclay moved down from
overlying horizons into the spac€s left on dissolutioo of the Chalk at the junction
of the Chalk with the bas€ of the Clay-with-flints. The upp€r horizon is com-
posed of material from weathercd remnants of Reading Beds clay, thoroughly
mixed by cryoturbation with Eints, other iosoluble Chalk residue and clay from
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former basal horizons. The surface horizons of the soils often include additions
of loess.

3.3 JENKTNSoN, D. S. (1968) A chemical test for potentially available
nitrogen in soil. J. Sci. Fd Agric. 19, 160-168.

Previous work on the distribution of radioactivity in the organic matter of soils
incubated with uclabelled ryegrass suggested that the amount of organic matter
extracted by barium hydroxide might sewe as an index of potentially ayailable
nitrogen in soil. This suggestion was tested on a set of soils for which the amouots
of nitrogeo mineralised during incubation, and the amounts of nitrogen taken
up by ryegrass grown itr the soils, were known. The amounts of organic carbon
and non-nitrate nitrogen extracted by barium hydroxide correlated fairly
closely with the amounts of nitrogen released by the soils: polysaccharide
(measured as the glucose equivalent) extracted by barium hydroxide was more
closely correlated with release of nitrogen, The amount of "glucose" extracted
was significantly corelated with the yield of unfertilised barley in 36 feld
experiments (/ : 0'83**)' the correlation with response of barley to nitrogen
was smaller (r: -0 54|).

The amount of "glucose" extracted from soil by barium hydroxide increased
during air-drying but once air-dry, no further change occurred, even on pro-
longed storagp.

Barium hydroxide extractable "glucose" is proposed as an fuidex of potentially
avaiLable DitrogEu in soil; it gave results as good or better than those from four
other chemical t€sts for assessing the availability of nitrogen to plaots. The
correlatiotr coemcients between uptake of nitrogen by ryegrass grown in pots (14
soils) and soil measurements were 0'70+*, 0'65*, 0'70**, 0'67** and 0.28,
resp€ctively, for barium-hydroxidcrxtractable "glucose", boiling-water-ex-
tractable nitrogen, sodium-bicarbonate€xtractable nitrogeo, ammonia released
by hot aqueous calcium hy&oxide and ammonia rcleased by alkaline perman-
ganate. None of the chemical tests correlated as closely with uptake of nitrogen
by grass as did the nitrogetr mineralised oo incubating the rewetted air-dried
soil.

3.4 JENKTNSo\ D. S. (1968) Studies on the decomposition ofplant material
in soil. III. The dist butioo of labetled and uolabelled carbon in soil
incubated with r€ labelled ryegrass. "L ,Sor7 Sci. 19,25-39.

The organic matter in soils containing decomposing lrGlabelled ryegrass was
fractionated chemically. Earlier work on these soils showed that they contained
a small fraction, heavily labelled relative to the rest of the soil organic matter,
that was mineralised when the partially sterilised soils were incubated. Re-
agents eflective io extracting heavily labelled-C included cold 0'1N-HCI, boiling
saturated CaSOa solution aod o'1N-Ba(OHL, but neither these nor any other
reagent tested could extract material as heavily labelled as that mineralised when
partially sterilis€d soil was incubated. Reagents that extract heavily labe[ed-C
are poor extractants for humified material aDd are not stongly hydrolytic: the
more vigorous the hydrolysis, the smaller the proportion of labelled-C in the
hydrolysate. The amourts of labelled-C dissolved by Ba(OFI)" from soils
sampled after different pcriods in the field were dir€ctly proportional to the
amounts of labelled-C mineralised by those soits whetr partially sterilised @y
exposure to CHCI8 yapour), inoculated and iocubated.

Balance sheets are presented for the distribution of labelled and unlabetled-C
in fractioos s€parated by hyclrolysis lvith 6N-HCI, by NaOH extraction, by
neutral pyrophosphate extractioo and by oxidation with HrOt. The fractioD
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remaining aft€r hy&otysis with 6 -HCl was the most lightly labeled and had
the widest C,D.[ ratio. The percentage of labelted-C in the materiat dissolved by
alkali or by pyrophosphate was little more thao in the material not dissolved,
despite the presence in the soil of fractions diff€riDg at least twenty-fold in
intensity of labelling.

3.5 KrNc, H. G. C. & HEATIr, G. W. (1967) Studies in leaf titter break-
down. III. The chemical analysis of small samples of leaf material and
the relationship b€tween the disappearance and composition of leaves,
Pe do bio log ia 7, 192-191.

A scheme of aualysis for determining factors that possibly influence palatability
to soil fauna, for example, texture, Dutritional value and astringency, is de-
scribed. The scheme is suitable for 0'5-l'0 g leaf material.

Analyses of autumn-fallen oak leaves, not exposed to soil fauna and graded
subjectively into hard aud soft categories, showed significant differenccs io
pollphenol, total nikogea, lignin, cellulose and sugar contents.

3.6 KrNc, H. G. C., PRUDEN, G. & JA\ES, N. F. (1964 The synthesis of the
active component of commercial Titan yellow for use in the determination
of magnesium. Arulyst, Lond.92, 695.

The sodium sulphonate groups of the magnesium-reactive component of com-
mercial Titan yellow are shown to be in the 7-position on €ach of the &ozthi-
azole rings. TitaD y€[ow synthesised from 2-(p-aminophenyl)-Gmethyl benzthi-
azole 7-sulphonic acid is reliable and sensitive in the determination ofmaguesium.

3.7 KrNc, H. G. C. & BLoor"rELD, C. (1968) The effects of drying and
aging tree leaves otr the ability of their aqueous extracts to dissolve
ferric oxide. l- Soil Sci.19, 67-:16.

Extracts of freshly collected picked and autumn-fallen oak, b€ech and larch
leaves were compared witl those of leayes from the same coll€ction that were
either freeze-&ied or dried at 105" C. The iron-dissolving properties of the
falleu leaves were not significaotly affected by either method of drying, but drying
at 105" C geatly increas€d the actiyities of picked larch and beech leaves.
Freeze-drying had relatively little effect.

Larch needles lost their activity very quickly when aged aerobically for 8
months, whereas the activity of beech leaves decreased slowly. The actiyity of
picked and fallen oak leaves increased dramatically during the fust l-2 we€ks
and then decreased, rapidly at fust; after 8 months the activity was still com-
parable with the initial value.

There was no direct relationship betwe€n the activities of the extracts atrd the
pH or the concentrations of polyphenols.

3.8 NEWMAN, A. C. D. (1967) Changes in pblogopites dudng their arti-
ficial alteration. Clay Min.7, 211227.

When pblogopites containing only a littte iIon are altered with sodium tetra-
phenylboron solutions the vermiculite-like products contain fewer interlayer
cations than the original micas. Structural formulae of the products are cal-
culated from the chemical analys€s, together with itrfra-red examination of the
angular vibration baud of water at 1650 cm-1 to distinguish b€tween water of
hydration and hydroxyl groups. The formulae obtained are consistent with the
weightloss curves and show that the products contain more than 4(OH"F) per
formula unit. The interpretatioD of thes€ formulae is that the silicate layers lose
net Degative charge by protonation of structural oxygetr anions to form oew
hy&oxyl groups.
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3.9 (PtNNv, L. F.) & CATI, J. A. (1967) Stone orientation and other
structural features of tills io East Yorkshke. Geol. Mag. llm, 34+3@.

Macrofabric (stone orientation) and microfabric studies of the four tills expos€d
iD the coastal areas of East Yorkshire indicate that the regional dLection of ic€
movement during both the Saale and Weichs€l GlaciatioDs was from north-east
to south-west. The Saale (Basement) till was comiderably modiEed by the
advance of ice dudng the Weichsel Glaciation; in particular, the stones in the
Basemont were reorietrtated so that their long axes now lie at right angl€s to the
directiotr of movement of the Weichsel ice sheet. The fabrics of the tiree Weichsel
tills (Dmb, Pupte and Hessle) are alike, and it is suggested that all three were
deposited from one composite icE sheet. The relationship of vertical joiDts in the
Basement and Drab Tills to directioDs of ice movement is discussed ; thos€ in tho
Bas€ment possibly originated as ac tension joints inherited from thc parent ic€,
whereas somo of those in the Drab are probably conjugato shear joints formed
during post-depositional deformation of the till.

Soil Mcrobiolory Department

TIfisrs
4.1 PATEL, J. J. (1967) Microorganisms in the rhizosphere and their

interactioDs. Ph.D. Thesis, Uniyersity of London.

GrNBner- Plprxs
4.2 KLEczKowsKA, J,, NrmaN, P. S., SKTNNER, F. A. & (vINcENr, J. M.)

(1968) The identification and classification of Rhizobium.lni ldentifica-
tion methods for microbiologists, patt B. I-ofudoli Academic Press.
(In the press.)

4-3 RoucHLEy, R. (1967) Preparation and us€ of legume seed inoculants.
Proceedings of 2nd Conference on Global lmpacts of Applied Micro-
biology. Wiley hq (Ir the pr€ss.)

4.4 SKTNNER, F. A. (1967) The limits of microbial existence. ID: Sym-
posium: Aaomolous aspects of biochemistry of possible significance in
discussing the origins and distdbution of life. Proc. R. Soo B. (In the
press.)

RISEARCH PAPERS

4.5 BRowN, M, E., JAcKsoN, R. M. & the late SusAN K. BWuNGHAM
(1968) Effects produced on tomato plaots, Lycopersicum esculentum,
by seed or root treatment with gibb€rellic acid and indole acetic acid,
J. exp. Bot. (In the press.)

Tomato seeds or s€edling roots were treated with 5.0, 0.5, 0.05, 0.005 and
0'0005 pg gibberellic acid and observations made on plant groMh. ApplyiDg
5'0 pg to s€ed significantly accelerated gowth of stems and leaves, deseased the
number of flower buds formed on the first truss and lengthened the interval
between bud app€arance and p€tal fall (truss development time) by l-4 days.
Applying less than 5.0 pg did not alter early plant gowth rates, but lengthened
truss development time. Treating roots with 5.0, 0.5 and 0.05 pg significantly
ae€lerated stem and leaf growth; stimulation was directly related to amount of
GA3. 5.0 pg decreased bud number and lengthened first truss development
time by lJ days. Less than 5.0 pg shortened truss development time by 1-4
days. IAA applied on its own had no efrect and did Dot enhanc€ the effect of

365

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-1-120 pp 17

ROTHAMSTED REPORT FOR 1967

gibberellic acid. Small amounts of GA3 added once to seeds or roots when leaf
and flower iDitials are developirg changed growth rates of stems, Ieav€s and
trusses as much as did repeated applications of larger quaDtities to more mature
plants. The effeets of small amounts ofGA3 resemble those found after treating
plants with cultures of Azotobacter chroococc..m, which contain gibberellic acid
and indole-acetic acid.

4.6 MossE, B. & (BowEN, G. D.) (1968) A key to the recognition of some
Endogone sporc tyws. Trans. Br. nrycol. Soc. (In the press.)

The main diagnostic fatvres of !'ir.e Endogone spore typ€s are described, with
notes on some of their developmental stagps, Seven of the nine spore typ€s
formed vesicular-arbuscular mycorhiza with inoq. ated host plants.

4.7 MossE, B. & @owrN, G- D.) (1968) The distributioE ol Endogote
spores in some Australian and New Zealand soils, and in an experi-
mental field soil at Rothamsted. Ttsns. Br. mycol. Soc. (In the press.)

Some 250 Australian and New Zealaod soils were examined. Endogone spore
were usually more numerous and diverse in cultivated soils tlan uDder natural
vegetation. It is suggested that intermittent root growth favours spore develop-
ment. In a Rothamsted field soil given different manurial heatments (no manure,
dung and mineral fertiliser) for more than l0O years spore populations differed
considerably.

4.8 MossE, B. & (JoNFs, c. W.) 0968) Separation of Endogone spora
from organic soil debris by differential sedimentation on gplatin columns-
Trans. Br. mycol. Soc, (In the press.)

A technique is described for sepaiating Endogone spora from organic soil
debris, based on differential sedimentation rates of spores and debris in gelatiD
solutiotrs of difrerent conc€ntrations.

4.9 NrrrMAN, P. S. (1967) Symbiotic effectiveness in nodulated red clover.
V. The ,, aod d factors for ineffectiyeness. Eetedity. (In the press,)

Genetic evidence is presented for two recessiye factors (,l and /), either of which
causes ineffective symbiosis in red clover. The factor z caus€s failure in nitrogen
fixation in nodules producf,,dw Rhizobium r,'rlo&, strains O4O3, 30, 212 and proE
ably also strain 220, but does not affect fixation in nodules produced by strains l,
5,32,35 ar,d47. Nodule formation, number and sizes are unaffected by the n
gene.

The recessive factor d causes failure in nitrogen fixation in nodules of red
clover produced by strains 0403, 30, 35 and 220, but do€s not affect fxation iD
nodules produced by strains 1, 5,32 a$d2lz. Plants homozfgous for d bear
more but smaller nodules than heterozygotes, but this factor do€s not afrect the
time the fiIst nodules appear on the roots.

The factors n and d atd the factors ,i and ie (Nutman, Hetedity (1957) l,.,
15?) are indepeodent aod non-allelic, and breeding results indicate that platrts
homozygous for more than ooe of these factors are poorly viable or non-viable.

Botany Departnent

GENERAI, PAPRS

GooDMAN, P. J. (1967) What determines sugar-beet yield? l. Soil and
Weather. 2, Plant population and le3f area index. ,r. Sug. Beet Rev.
35, l1ll17 aad l7l-172.
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HmpI{RrEs, E. C. (1967) The dependeDce of photosynthesis on carbo-
hydrate sinks: cur€nt concepts, Ptoc. lst Intenatiotal Syrrqtosium on
Tropical Root Crops, ?irndad. (In the press.)

W^rsoN, D. J. 0967) Physiological characteristics of the grolth of
sugar-beet crops on different soils. I-1.R.8. 2, 225+31.

RE5EARCH PAPERS

5.4 FoRD, M. A. & THoRNE, G. N. (1967) Efrect of C0, concentratioD oD
gowth of sugar b€et, barley, kale and maizp. Ann. Bot. 31, 629-444.

IDcreasing the concentration of COr in the air from the usual 300 to 1000 ppm
itr gowth rooms with temperatures of20' C during the 16-hour light period aDd
15' C during the 8-hour dark period increased the total dry weight of sugar
beet, barley and kale by about 50%, A furthel increase in COr concentmtion
to 3300 ppm incre3sed dry weight slightly more. These effects occured with
light intensities ranging from 3.7 to 11.6 cal dm-r min-l of visible radiation
supplied by a mixture of fluorescent and turgsten lamps, and were oDly slightty
greater with the brighter light. Extua CO, also increased leaf area, though
relatively less than dry weight, and the number of balley shoots, but not of
sugar-beet or kale leaves; it deqeased leaf area ratio, specific leaf area and the
ratio of tops to roots. Maize was taller with extra CO!.

Net assimilation rates in 1000 and 3300 ppm COr were about 20 and 3q6
respectively greater than in 30O ppm. Uptake ofCO, in the light by complete
tops and single leaves also increased with increase in COr coDc€ntration. Photo-
synthesis of leaves of plants receutly transferred to a new CO, coucentration
depended only on that con@ntmtion and not on the origiDal one.

Doubling the light intensity from 3.7 to 7.7 cal dm-' min-r affected dry weieht,
leaf ar€, net assimilation rate, etc., similarly to a lo-fold increase in CO1
concentration.

5.5 (GaRvrE, D. W.) & WELBANK, P. J. (1967) A rasp-drum labolatory
thresher and cleaner. l. agric. Engng Res.12,229-232.

A machine is described for tbreshing and cleaning the grain of cereal samples
from plot areas up to about 4 m', or containing up to 2 kg of grain. It compris€s
a rasp drum, sieves and blower, driven by electric motors, and a straw collector;
it is readily movable. Threshing takes from about 5 mioutes per sample.

5.6 Hrn,plnrEs, E. C. & DysoN, P. W. (1967) Efrect on potato plants of a
exo$/th inhibitor, N-dimethylaminosuccinamic acid (89), in the field.
Eur. Potato J.10, ltG126.

Majestic s€€d potatoes raDging in size from 40 to 10O g were planted on 16
April, and some plants were sampled on 16 June just as tub€rs were forming, to
estimate leaf area atrd dry matter of plant pa(s. Some plots were sprayed with
the gowth regulator N-dimethylaminosuccinamic acid (B9) at a coocentration
of either 1 gll or 5 gfl. Plants were sampled again 2 we€ks later and the same
ptots sprayed with 89. Further samples were taken at aD interval of a month.

89 had little efrect oo lamina weight because, although it decreased leaf area
per plant, it increased dry weight p€r unit area. Stems were much shortened
aod their dry weight decreased. Tuber weight hcreased, especially soon after
spraying. Total plant weight \ras not signmcantly affected by treatment. Leaf-
area index of plaats treated with 5 g/l was 20% less on 28 July. Treatment
increased tuber number, Checkitrg top growth made tub€rs grow faster at first.
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The gowth legulator apparently had two distinct actions on the potato plant:
(l) it inoeased the percentage of total dry matter that entered the tuber, and (2)
it maintained the leaf-area index nearer the optimal value. Although spraying
decreased leaf area, final yield of dry matter in the tubers was unaffected. Water
cootent of the tub€rs was increased. The progeny of tubers from treated plaDts
grew more slowly at first than progeoy from untreated plants, apparently be-
cause the growth regulator pe$isted in the tubers.

5.7 HuMpERrEs, E. C. & DysoN, P. W. (1967) Effects of erowth regulators
CCC and 89 on some potato varieties. Ann. qppl. Biol.6O,333-341-

The effects of CCC and 89 on the gowth habit of potato differed between
varieties, CCC diminished stem lengths and dry weight more than 89 because
CCC was applied early when shoots emerged from the soil, and 89 about 3
weeks later when several leaves had formed.

In some varieties lateral stem growth was increas€d and in others decreased.
There was an inverse relation between main stem and lateral stem gxowth, so
that yarieti€s with vigorous main-stem growth had poor lateral growth, and
vice versa, The groMh-regulatoff diminished leaf dry weight of main stem
leavqs less than leaf area, but the size of the changes depended on the variety.
Both regulators lessened net assimilation rate. Net assimilatioo rate ard dry
matter per unit area of leaf were inversely related, possibly because accumulation
of substances in leaves decreased photoslnthesis.

Stolon dry weight was positively corelated with main-stem leaf area. There
was a direct relation between stem length and tuber dry weight, suggesting that
tuber initiation occurs at different stem lengths in different varieties. Tubers
were initiated earliest in Epicure and latest in Ki[g Edward. Epicure had the
greatest tuber weight and smallest stem lengfh.

5.8 HuMpHRrEs, E. C., WELBANX, P. J. & WrLuAMs, E. D. (1967) Inter-
action of CCC and water deficit on wheat yield. Natwe, Lond.215,182.

Grain yield of wheat treated with CCC increased in several experiments, al-
though untreated plots did not lodge. At Wobum, where 2 in. of irrigation
water increased yield by 10 cm/acre, CCC had litde eflect on yields from irri-
gated plots, but it increased yield from uairigated plots by 6 cwt/acre. These
increases in yield were associated with more ear-bearing shoots and greater
grain weight/ear. Plants treated with CCC lost fewer shoots than untreated
plaots dudng a dry spell when ears were emerging. Hand pulling recovered
more roots from plots treated with CCC than from uotreated plots, and CCC
may have increased yield because it increased the amouot of roots and enabled
the plants to get more water during a critical period.

5.9 ORCHARD, B. (1967) Water deficit and the growth of crop seedlings.
I. The effect of rate of change of soil water conteDt on kale seedlings.
l. exp. Bot. 18, 308-320.

Leaf gowth of kale seedlings was compared oyer a range of soil-moisture
contents during a single drying cycle in several constant environments. With the
particular soil and enviroDments used, and when senescetrce effects were elimi-
nated, relative leaf growth rate was a linear function of soil-moisture percentage
in the lange equivalent to DF 1.74.2. The relationship was independent of
differences in the rate of change of soil moisture resulting from changes in
atmospheric humidity or in the ratio of leaf area to amount of water in the soil
mass. Nevertheless, small changes in the rate of water loss integnted over a
p€riod caD have relatively large effects on yield.
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5.10 WELBAT.'K, P. J., Wrrrs, K. J. & THoRNE, G. N. (1968) Effect of radia-
tion and temp€ratue on emciency of c€Ieal leaves during graio gowth.
Ann. Bot.32, 79-95.

Grain : Le3f Ratio, G (the ratio of grain yietd to Leaf Area Duratiou between
ear emergpnce and maturity) in 15 experiments with wheat and barley in dif-
ferent seasons (Group A experiments) was highly correlated with mean daily
radiation, ,R, mean daily temperature, 7-*, and mean daily maximum tem-
perature, 7--, during the grain growth period. The regression of G on R ac-
counted for 8l% of the variance of 6, and introducing laa! to the regression
significantly iocreased this to 88%. The regession of G on T* alone accounted
for 87f, perhaps berause T*, effectively integates radiation atrd temperature.

When R was varied artificially by shades in two exp€rimeDts with wheat in
different years (Group B experiments) the relationship betweeo C aod R was
approximately tinear in both, but the slope of the line was less in one year
when .it and tempentures were less thau in lhe other. For this se{ond year,
when R and temperatures were about the middle of the raoges in Group A
exp€riments, the calculated relationship agleqs with the Group A results after
corecting values of G for differences of 7t^ from its value in the shading
experiment. A formula relatiog G and R derived from the results of both Group
B experiments atrd the observed correlation of n and temperature in the field,
assumiog that the regression of G on R depends on temperature, agees with the
relatiotrship between G and ,R in the Group A experiments.

It is concluded that differeDc€s itr radiation and temp€rature are about
equally responsible for the difrerenc€s in G found between seasom. The positive
effect of temperature on G suggests that factors other than leaf photosynthesis,
e.g. translocation rate or capacity of the gain to acrept carbohydrate, are
important in determioing G.

5.ll WHEELER, A. w' (1968) Changes in auxins in expanding and senescent
primary leaves of dwarf French bean (Pia^reolus wlgaris). .1. exp. Bot.
19, lo2-107.

A bound, unextractable auxin, or auxin preclrlsor, io the primary leaves of
dwarf Freoch bean was converted to a form, probably indol-3-yl-acetic acid,
extmctable in ethyl ac€tate, by macsatiDg leaves in phosphate buffer GH 7 5)
and incubating them at 37' C for 2 days in the presence of toluene or hibitaDe.
Boiling th€ leaves before macerating and incubating them prevented the release
of bound auxin. This bound auxin was also released when macerated leaves were
hydrolysed with N-potassium hy&oxide at 100" C for 2 hours, The amouots of
free auxin and trntophan in senesceDt primary leaves increased as their bound
auxin and cblorophyll decreased, Removing the apical growing region im-
mediately above the node beariug the primary leaves delayed their sooesceoce
ard the conversion of their bound to free auxin.

Biochemistry Depa ment

GENER,qI PAPERS

HLL, J. M. & MAIN, P. J. G. (1968) Some prop€rties of plant diamine
oxidase; a copper contaioiog enzfne. In: Recent aspects of nilrogert
metabolism in plaats. Ed. E. J. Hewitt & C. V. Cutting, Londoo:
Academic Press, pp. 149-161.
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6-2 HoLDEN, M. (1967) The fungi of Whippendell Wood, Croxl€y cre€o.
Trans. Herts. nat. Ilist, Soc. Fld Club 26, 19+199.

6.3 PIRJE, N. W. (196D The coDstruction of a lunar microcosm. ln: Life
sciences research atd lmat medicinc. (Proc. 2nd LIL Symposium:
Madrid 1966) Ed,. F. J. Malina, Oxford: Pergamou pre$s, pp.39-50.

6.4 PrRrE, N. W. (1967) Production and use of leaf protein as a human
food,. Kosmos (Dublin), February, p. 7.

6.5 PIRIE, N. W. (1967) World protein suppli€s. Proc- R- Soc. Med. 6O,
1065-1066.

RTSEARCH PApRs
6-6 BAcoN, M. F., (O\EREND, W. G., LLoyD, p. H. & pEAcocKx, A, R.)

(1967) The isolation, composition and physicochemical properti€s of
deox,'r'ibonucleic acid from Bordetella pertussit. Archs Biochem.
Biophys. l18, 352-361.

The percentage by weight of deoryribonucleic acid,'Ut, Bordetella pe usJi.s is
large. A method is described for isolating DNA from this bacterium in a rela-
tively pure and uudegraded form, DNA extracted from several strains usually
had a base compositiot of 67.6% GC, but in one the compositioo was 57.5%
GC. The two types of DNA were studied further: they contained no large
amounts of bases other than the usual four, their light-scattering and sedi-
mentation properties were very similar, and their thermal denatu{ation properties
were consisteot with the difference in base composition.

6-7 CLARKI, A. J., Cox, P. M. & SneprrERD, A. M. 0967) The chemical
composition of the egg-shetls of the potato cyst-nematode, Eeterodera
tostochiensis W oll. Biochem. J. 104, 105G1060.
(For summary se€ No, 8.7.)

6.8 CLARKI, A. J. & Smrneno, A. M. 0968) Hatching agents for the
potato cyst-nematode, Heterodera rustochiensis Woll. Am. appl. Biol.
61, 139-149.
(For summary see No. 8,8.)

6.9 HrrL, J. M. (1967) The inactivatioo of pea-s€edling diamine oxidase by
peroxidase and 1,5-diaminopentaoe. Biochem. J. lM, 1048-1055.

Oxidative deamination of l,s-diaminopentane by pea-seedling extracts, which
contain diamine oxidase ldiamine-oxygen oxidoreductase (deaminating), EC
1.4.3.(1, was speeded by adding pyridoxal or pyridoxal phosphate. Evidence was
obtained that p,'ridoxal does not activate the apo€Dzrrne of diamine oxidase, but
prevents the inactivation of the enzyme. This inacti tion occuired only wheo
l,s{iaminopeotane was the substrate and depended on a second thermolabile
factor in the extract in additioo to diamine oxidase. Purfied diamine oxidase,
when catalysing the oxidation of 1,5-diaminopentane, was rapidly itractivated in
the presenc€ of peroxidase, The inactiyation was prevented not onty by plTi-
doxal and p,'ddoxal phosphate but also by several umelated compounds,
including e-oxoglutarate, catechol aJrd o-aminobenzaldehyde. It is suggested that
peroxidase catalys€s the furth€r oxidation of the product of the oxidative de
amiBation of l,sdiaminopentane to a compound that inactivates diamine
oxidase. The results diminish the relevance of previous evidence that plaEt
diamine oxidase contains p,,ridoxal phosphate,
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6.10 PrERporNr, w. S. (1968) q/tochrome oxidase and mitochondrial
protein in exkacts of leayes of Nicotiana glurirror4 iDfected with tobacco
mosaic virus. I. exp. Bot. (In the press.)

l-€a1,6 of N. glutinosa were inoculated with tobacco mosaic virus, and iDfection
allowed to develop rz .l!r or in discs cut from the leaves and floated on water
or culture solution. Extracts, made from the leaves and discs when their respira-
tion was geater than that of compamble uninfected tissue, contained amounts
of protein N, chlorophyll, glycollic oxidase and mitochonddal protein N, similar
to those in extracts from uninfected tissue, but slightly less cltocbrome oxidas€
and considerably more pollphenoloxidase. No evidence was obtained for th€
view that the virus-induced respiration reflecls an increase in the amouDt of
mitochrondrial material.

Plant Pathology Deparhnent

BooK

GREGoRY, P. H. & Mol"rErrs, J. L. 0967) (eAitots) A bor e microbes
(Syttt,. Soc. gei. Mictobiol. Xl4l),Cambridge Uuiversity Press. 385 pp.

TEESrs

7,2 VARMA, A. (1967) Studies on red clover vein mosaic virus aud some
associated virus€s. Ph.D. Thesis, University of Londou.

GENERAL PAPERS

7.3 BawDEN, F. C. (1967) Improving the lot of farm people: trends aad
prospects from the standpoint of natural scieDtists. Itt. t. dgL Af- 5,
I l5-129.

7.4 Gnrconv, P. H. (1967) Plant diseas€s. lt:. McGraw-Eill Yearbook of
science & techaology, '1967, pp. 3o4-306.

7.5 Gnrconv, P. H. (t967) Atmospheric microbial cloud systems. Sci.
Prog., Oxf.55, 61H28.

7.6 Grrcow, P. H. 0967) Are fungi animals? Trazs. Eerts. nat. Hist.
Soc. ,153-155.

7.7 HDE, G. A. 0964 The prevalence of pathogenic fungi on seed
t\bers. Proceedings of the 4th Btitish Insecticides and Fungicides Con-
ference, 1967 , l, 265-268.

7.8 HrRsr, J. M. (1968) The importanc€ oftth€r distrases. Proceedings ofthc
4th Bitish In$ecticide$ and Fudgicides Conference Z, 547-555.

7.9 KAssANrs, B. (1967) Tobacco necrosis virus and its satellite virus.
Nature, Lond. 214, 178.

7.lO MENE, R. G. 0967) Plant viruses inside cells. Sci. Prog., Oxf. 55,
203-222.

7.11 SALr, G. A. (1967) Pathology experiments on Sitka spruc€ seedlings.
Rep. Forest Res., Iand., 1966, 104-108.

7.12 SLopE D. B. (1960 Getting to grips with disaftr, Arable Ftnr 1,2W23.

7.13 SLopE, D. B. (196n Disease problems of intelsiye cereal grov/ing.
.lm. appl. Biol. 59, 317 -319.
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7-14 WArsoN, M. A. (967) Epidemiology of aphid-transmitted plant virus
distrartrf,. Outl. Agric. 5, 155-166.

RrsBARcn PApERs

7-15 BAWDE\ F. C. & KAssANrs, B. 0968) The serological relationship
between tobacco mosaic virus and cucumber virus 3 a,,d, 4. yirology.
(In the pre6s.)

Contrary to reports in the U.S.A., the same degree of serological relatioDship
between toba@o mosaic virus and cucumber viruses 3 and 4 was indicated whether
tests were made with antisera to TMV or to the cucumbel virus. Similarly,
TMV and the bean form of tobacco mosaic consisteDtly behaved like serotypes
(remote serological relatiooshD and not strains (close serological relationship).

7.16 (CRoss, T., MACIWR, A. M.) & LAcEy, J. (1968) The thermophilic
actinomycetes in mouldy hay: Micropolyspora faeni sp. noya, .L gea,
Mictobiol- $, 351-359.

Tar(onomic studies on the thermophilic oligosporic actinomycete chiefly re-
spoosible for the respimtory complaint Farmer's Lung support the view that the
organism was incorrectly identified as Thermopolyspora polyspora Hens, The
organism belongs to the genus Micropolyspora Lechevalier er a/., aod is de-
scribed as a new species, Micropolyqmra faed.

7.17 EBBELS, D. J. (1967) EFect of soil fumigants ot Fusaium wilt and
nodulation of peas (Pr'szrz sativum L.). Ann. appl. Biol.60, 391-398.

Chloropicrin, dazomet, formaldehyde and "D-D" applied to soil all decr€sed the
incidencr- of Fusarium wilt in a susceptible yariety of pea grown in infested soil,
but only chloropicrin and dazomet gave satisfactory control of the disease. AII
four fumigants decreased root Eodulatioo, but did not adyersely afiect plant
groMh. Dazomet, formaldehyde and "D-D" probably decreased nodulation
because of the soil nitrogen mineralised, whereas the almost complete suppres-
sion ofthe nodulation with chloropicrin probably reflects the lethal effect of this
material on the Xrizo bium bacteria.

7.18 FRosr, R. R. & HARRrsoN, B. D. 0967) Comparative effeats of tem-
perature on the multiplication in tobacco leaves of two tobacco rattle
viruses. "/. gez. Yirology l, 45U@.

Two kinds of assay, particle couots by electron microscopy and infectivity for
leayeA of Phaseolus vulgaris, wete used to estimatg the amouots of virus in
extracts made from tobac{o leaves kept at 1,1-34' C foi 1-6 days after inoculation,
and in extracts from uniooculated tip leaves sampled 14 days after the plants
were inoculated. One, 2 and 6 days after inoculation virus isolats PRN was
obtaioed in largest amount from leaves at 22', 18' aud 14" C, resp€ctively.
Isolate CAM showed the same tretrd, but equivaleot temperatures were 4-6" C
higher. At 14' C infectivity and particle numbers coDtinued to increase between
I and 6 days after inoculatioD, but at 30'C infectivity decreased after I day.
At some temperatures the Dumber ofparticles first inqeased and then decreased.
For iDstance, at 26" C the number of particles of isolate CAM t pled between
I and 2 days, aad then decrqsed to f+T or less between 2 and 6 days after inocu-
latioD. Temperature had- only small effects on the ratio of loog (c. l90O A) to
short (maiD-ty 450-900 A) virus particles. Specific infectivity increased slightly
when particle number was increasing and decaeased geaily when particle
numb€r wa! decreasing. Specific infectivity sometimes decreased slightly before
particle number. As with some small isometric plant virus€s, the amount of
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tobac-co rattle virus extracted from leaves apparently repres€nts the resultant
betweeu synthesis and degradation, and the two processes are differently affected
by temperature. At 14-22'C, but not at 26' C, isolate PRN produced necrotic
lesions in inocutated leaves, wher€as isolate CAM did not cause visible lesions,
This difference seemed to have little effect on the cha-oges in virus titr€, bur
atthough isolate PRN multiplied optimally at a lower temperature thatr CAM,
it was more stable rh vivo at 26" C. Isolate PRN invaded uDinoculated leaves

ooly sporadically and accumulated io only small amounts. Isolate CAM readily
irladed uoinoculated leaves, where it reached its greatest concentration at
22. C.

1.19 Hnsr, J. M., Srepu.qN, O. J. (& Hocc, W. H.) (1967) Long-distance
spore transport : Methods of measurement, Yertical spore profles and the
detection of immigrant spores. .l ger. Microbiol. 8, 329-355.

Airbome spores catr be carried long distanc€s, but little is koown about the
atmospheric transport processes involved or the rates at which spore clouds are

depleted. Airqaft sampling is exp€nsive and ineYitably iotermittent, aud surface
traps reveal only some of the processes involved. The best compromis€ is to
combine ground and aircraft observations and to support both with detailed
meteorological interpretation. Gravity-slide traps exposed for 1 day indicate ihe
arrival of spores less precisely thaD moving-slide impactols, which therefore
provide a more accurate startiog time for estimating the past track of spores
from air trajectories. Catches of Pzcc[ri4 g/4rnlrijuredospores ftomcontinental
European sources illustrated how immigation depends on the moYement of
atmospheric pressure systems and the gadients within them, aod suggested that,
in addition to surface-ai movement, winds at the 700 aDd 500 mb levels were
importaut.

Airoaft of the Meteorological Res€arch Fligb!, using suction impactors
operatiDg approximately isokinetically, sampled air in the lower troposphere,
both to ascertain vertical spore profiles over land and to intercept immigrant
Puccinia grumfuis ve.dospores over the English Channel. The vertical distribu-
tioB of spor€s s€emed to be determined in the same way as that of other aerosol
particles; atmospheric turbuleoc€ was a major factor, and there wele indications
that wind shear, precipilation aud surface deposition might be important'
However, most spores are liberated periodically and so encouoter different
degrees of atmospheric turbulence, depending on the diumal p€riodicity of their
coD@ntration near the ground. Concentrations of l0 spores/m3 occurred at
h€ights up to 1000 m and l0'-l0/m3 at 3000 m. In unstable air, spore con-
centratiotrs ofteo declined roughly logarithmically with height, but layers of
stablo air were often associated with abrupt changcs of concentration. Details of
vertica[ spore profiles also depended on the history of both the temp€rature
profile and the spore cloud. Such factors tended to affect all spore types simi'
larly; but occasionally some components, e,g. P. Sramihis wedospores, shorYed

unique vertical profiles. One such profile characte sed by preferential "erosion"
of the spor€ cloud from air Dear the surface may indicate traYel remote from
sources. Spores of plant pathogenic fungi were frequent in samples of air moviog
northward over the English Channel, but their viability was not tested.

7.m HRsr, J. M., STTDMAN, O. J. (& HuRsr, G. W.) (1967) Lotrg distauce
spore transport; vertical s€ctions of spore clouds over the sea. ,. ger.
M icrobiol. 8, 3 57 -37'1.

To measure the rate at which spore clouds were depleted over the sea, spores
were collected with isokinetic suctiotr impactors mouoted in aircraft of the
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Meteorological Research Flight, Farnborough. Remote from souic€s able to
replenish spore clouds, preferential deposition from the lower laye6 caus€d
"erosiol" of the base of vertical profiles of spore coocentration, Ieaving maxima
at heights betweeD 500 and 1500 m. To determine vertical spore disiributions
throughout the largest possible distance downwind of the EDglish coast, a
saw-tooth flight plan of altemating ascent and descent lvas used- Of four flights,
two encountered favourable weathet, rain interfered with sampling on onJand
uDexpected winds across the track coDyerted another into aD uninte[ded but
interesting cross-wind section of spore distribution.

Pollens and Cladosporium spores were counted as examples of large and
small spores liberated tlT,icaly by dax and a composite group of spores liberated
in damp air was chosen as an indicator of spores liberated mostly at night. In
two flights in fioe w€ther maximum spore concentrations occured hundrects of
miles off-shore. Diagrams showing height, distance from the coast and lines of
equal spore concentration ("isospores") demonstrated discrete clouds of each
marker spore type. Pollen and Cladosporium clouds were centred at approxi-
mately the same distances from the coast, but the pollen was about 500 m iower,
probably because the polleo gains sedimeoted faiter, Maximum coucentrations
of the damp-air group sometimes coincided and sometimes alternated with the
dayJiberated groups. Known periodicities of these spores over land, surface air
trajectories and previous weather suggested that thi spore clouds the aiMaft
overtook over the North Sea were the residue of those produced from the British
Isles on_previous days or nights. Interpretation of the results was limited by
meteorological uncertainties, the geographical complexity of probable sourc€
areas_and perhaps .nost by changes in the number of spores crossing the coast
at differeDt times of the day, which prevented accurate measurement of rates of
spore deposition,

Spores of many species were recognised over the North S€a. The plant
pathogens included established distant migmnts, such as uredospo rcs of puccinia
grumid\ w}]ich apparently originated east of the Baltic. ThC viability of the
spores was not tested, but it seems safe to assume that distant transport is both
frequent and extensive, and probably important itr temperate latitudes during
su0lmer.

7.21 KAssaMs, B. & McCARrHy, D. (1967) The quality of virus as affected
by the ambieqt temperature. J. gen. virol. t, 425-44O.

Dolichos enatioo mosaic virus is a serotype of tobacco mosaic virus infecting
leguminous plaDts; it produces a large proportioq of particles shorter than
3000 A, tbe accepted leDgth of infective tobacco mosaic virus. A new strain of
dolichos enation mosaic virus isolated from a single necrotic lesion on French
bean caused local and systemic necrosis in French-bean plants. It produced
many more defective particles than rhe parent strain when iDfected plints were
kept at 20' C, but not at temperatures above 32. C. Both straini multiptied
faster at 32" C thao at 20" C, but the effect of increasing temperature was greater
with the new strain. The effect on the new strain seemed greater whei virus
conteDt was assayed by infectivity tests than when it was assayed serologically,
suggesting that infectivity per unit weight ofvirus was also greater at 32. b than
at 20' C. No evidence was found that leaves infected;ith the Dew strain
contained free infective RNA.

The ultrayiolet absorption spectra of purified preparations of the new strain
produced at 20' C had a greater optical density ai 280 mp than at 260 r\p,
wbereas the parent strain had greater deosity at 260 mp, showing that some of
the particles of the new strain were without RNA. The type of particles pro-
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duced by thc two strains difrered when purfied preparations in 0'06M-phosphat€
bufrer at pH 8 werc subjected to analytical ultrac€ntrifugation io sucrose gradient

columns or fraclionation through agar columns. When produced in plants at
20' C the Dew strain consisted mainly of ringJike particles, virus protein, some

fr€€ RNA and very few infective particles. By coDtiast, the parent strain con-
sisted mainly of infective virus and broken particles of various lengths, of \f,hich
a particle ll()O A long was plentiful enough to give a peak in the analytical
centrifuge aod a zone in sucrose gradient columns. The new straio produced iD
plants at 32-36' C did not differ in app€arance or infectivity from the parent

strain. The distribution of particle lengths in sprayed droplets, measurEd iD the
electron microscope, confirmed the differenct fourd by other meaos between the
type of particle iu the two strains.

Changing the pH value of a puified preparation of the new strain (produced

at 20' C) from 5'2 to 8 releas€d some RNA in amounts suggesting that about a

thfud of the particl€s in the preparation relcased their RNA.

7.22 K,rssANIs, B. & v^Rlr , A. (1967) The productioD of virus-fre€ clon€s

of some British potato varieties. Am. appl. Biol. 59, 447450.

Virus-ftee clones of some British potato varieties, of which all commercial
stocks are iEf€cte4 were obtained by c,ulturing apical meristems of sprouts on
tubers. The variety Golden Wonder was freed from potato virus A, Arratr
Comet from potato virus X, aDd Epiqle, Orion aDd Sharpe's ExEess from
potato virus S. Of the 196 meristems qrltured, 41 (212J grew and 20 of these

developed into plants, of which 19 were virus-free. More of the excised meri-
stems grew when the first leaf pdmordium was included thao when not, and its
inclusiou s€cmed not to increase the chaDc€s of the progeoy being infected.

7.23 KLEczKowsKr, A. & MCLAREN, A- D. (1967) InactivatioD of iDfectiYity
of RNA of tobacco mosaic virus during ultraviolet irradiation of the
whole virus at two wavelengths. "L ger. Yirol.l,44l-448.

Loss of infcctivity by tobacco mosaic virus exposed to ultraviolet radiation
s€emed to result entirely from changes in thc RNA of the virus. Any Ghang€s

that may have occurred in the virus protein s€emed not to contribute to loss of
iDfectivity, but there was aD hteraction between the protein and the RNA
because free RNA was equatly s€nsitive to inactiYation by absorbed radiation
cnergy ofany wavelength (i,e. the extent of inactivation depended etrtirely on the

number of absorbed quanta iresp€ctive of the wavelength), wheleas iDside the
virus the RNA was about 24 timcs more s€Dsitive to inactivation at 230 mF
than at 280 mp. Inside the virus the RNA s€emed to be largely prot€cted by the
protein from damage by radiation of 280 mp. and 254 mF, but not of 230 mp, to
which it was about as sensitive as when free.

Ultraviolet irradiation at any wavelength caused at least two kinds of damage

to free RNA, one of which was photorev€rsible aDd did not occur in the RNA
iradiated when inside the virus.

7.U Lecrr, J. (1967) Thc role of water in the sprcad of PhvtoPhrhoru
inlesrans iD,ltle potato crop. Ann. a/pl. Biol. 59, 245-255.

During falls of rain before 5Y" of the haulm was destroyed by blight most
rain-witer was deposited on soil at the bottom of the ridge, and least at the top
in crops of King Edward, Maj€stic and UP'to-Date potato€s. Afterwards less

water was trapped half-way up the side of the ridgp thaD above or below. Water
was also chaonelled down the stems aDd, while these lrlcr€ upright' was deposited
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in the chantrel often formed arormd the stem bases by wind movement. Feyrcr
than 500 sporangia/ml were seen in water collected when blight was preseDt in
the crop.

Growing tubers of Ulster Ensign and King Edward, inoculated with P.
infestans, ifierted, healthy tub€rs less than 1.3 cm away, when the soil-water
content was greater thao 2Q( and sporulation on the inoculated tubers was
maximal. Similarly, inoculated Up-to-Date and Majestic tube$ sporulate.d less
abundantly and failed to infect healthy tubers.

Sporu.lation also occurred on inoculated seed tubers, although infection of
the haulm from these tubers could not b€ coDfrmed. Water may move from the
s€cd-tuber region to the furrows in suitable conditions.

7.25 L^cEy, J. (1967) Susc€ptibility of potato tub€rs to infectiot by Phyro-
phthoru infestq s. Ann. appl. 8io1.59,257-2A.

Phylophthora infestans infects King Edward potato tube6 more readily tfuough
inoculated eyes than through lenticels, but more lentic€ls than eyes b€came
infected when whole tubers were sprayed with inoculum. The resistance of
lenticels but not of eyes incres€d as tubers aged. The spores did not infect
through intact periderm. The likelihood of tubers on plants grown in pots
becomiug infected by sporangial suspension pouled on to the soil increased on
tubers closer to the soil surface, the stem or the side of the pot. Naturally
infected tubers, and those sprayed with sporangial suspension, had most eyes
infected at the rose eod, aud most lenticels infected on the middle region of the
tuber. Of naturally infected tubers, on which the site of iDfoctioo could be identi-
fied, most were iDfected through eyes at the rose end.

7.26 LAcEy, J. (1967) Mastigosporium leaf fleck of perennial ryegrass.
Pl. Path. 16, 48.

Ij]ff,;lion of Lo6um perenne by Mqstigotporium album is r*otdeA for the first
time.

7 -27 LAcEy, J. (1968) The miqoflora of fodders associated with bovine
respiratory disease. J. gen. Microbiol.50. (In the press.)

The microflora of samples of fodder fed to cattle on 4l farms where somc
cattle suffered respAatory disease was comparable with that previously reported
in hays. Of the 59 samples of fodder examined, 30 coming from 29 differeot
farms were very mouldy and comparable with Farmer's Lung type hay in being
tlch in Micropolyspora facni arld. Thermoactinomyces vulgaris. Tl;re remaining
samples were classified as either good or mouldy ilr alnost equal numbers.

7 .23 LApwooD, D. H. (l 967) I-aboratory assessments of the susceptibility of
potato tubers to fufection by blieht (Phytophthora infestans\. Eur.
Potato l. 10, 127-135.

The tubeIs of potato varieties that differ in field susceptibility to Phyrophthota
r'z/e.rlazs also differed whetr wound-free tubers, grown in p€at, were sprayed with
spore suspensions, Those very susceptible in the field not only gave the most
infected tubers but the area of rotted tissue per infection was more than in
resistant varieties.

The fungus f,enetmted the tube6 through eyes or lenticels, and with few
exceptions the total numb€B of penekations decreased with increasing field-
resistance of the variety. Tub€rs of some resistant varieties developed many
iDfections, but most of the leiions were arr€sted wheu stilt necrotic threads or
after limited rottiDg of tissues.
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With most of the 15 varieties tested, laboratory and field assessmeDts of
resistance were well correlated, but UP-to-Date, King EdEard and Arra.n Pilot
wer€ more resistant than exp€cted from field assessmeDts atrd Arran Viking
less.

7 .29 LapwooD, D. H. (l 968) Observations on the infection of potato leavcs
by Phyro?hrhoru infestuns. Trans- Br- mycol. Soc.5I, Q).

The time takeD at l5' C for spores of Pr,/ophthoru irrlestans to infect leaves of
nine potato varieties was estimated by drying leav€s at differeDt times after they
were inoculated.

E.T. 50 vatues (time of drying which gave 50rZ replicates infected) differed
slightly betwe€n varieties, but were the same for Bintje, which is field-susceptible,
as for Ackersegen and Populair, which are resistant. Host reaction dep€nded
on how long the leaves were wet, and differed with the resistance of the variety.
L€sions on fietd-susceptible vadeties were large 3 days after inoculation, but
small on resistant varieties.

Bintje and Pimperoel diffored most, both in host leaction and E.T. 50, and
diluting the iDocula acceDtuated the differerce.

Obs€rvation of spore germination io droplets on these two varieties showed a

similar pattem of zoospore release and swimming time. Zoospores behaved
difrerently oD the leaf surfac€ of Pimpernel aod Biutje; on Pimpemel few en-
cysted zoospores produc€d appressoria immediately they germinated, but
instead produced long germ tub€s before peDetration. This difference in spore

behaviour may help to explain the difference in E.T. 50 value betwe€n th€
varieties.

7.30 LApwooD, D. H. & (LEwrs, B. G.) (1967) Observations on the timing
of irrigation and the iucidence of Potato common sab (Streptomyces

scabies) Pl. Path.76, l3l-135.
Common scab (Srrcptomyces scabies') ot majestic potato tubers was checked

by irrigation maintaining the soil at satulation ("field capacity") throughout the
growing season more tha.n it was by irrigating oDly before the first tubers had
glown to +-* in. diameter.

The stage of the tubers when irigation was started or stopped affected the
distribution of scab lesions on their surfaces, and iDfections were rare on tissue

formed when soil \Yas saturated.

'1.31 LApwooD, D. H., HIDE, G. A. & HIRsr, J. M. (1967) An effect of soil
compaction on the incidence of potato coiled sprout. Pl. Path-76'61,-63-

The iDcid€nce of coiled sprout io majestic potato€s was incr€sed by chitting
tbe s€ed, plaDtiry deeply and compacting the soil.

Stem bases of plants from uuchitted seed produced coiled steEs only iD

rolted soil, and then ooly few. Coils were most abundant with plants from
chitted seed in rolled soil. Rolliog the soil increased the incidencr ofcoiling and
fasciation more than did chitting.

Chitted s€€d plaoted I in. deep produced very few coils, eveo in rolled soil.
Not all coits showed lesions, brtl Verticillium nubilum Petbybt. was frequeutly
isolated fiom lesions.

'l -32 McCm.rnv, D. & wooDs, R. D. (1968) Electron microscopic obs€r-
vation on dolichos enation mosaic virus. J. gen. Yirol.2,9-12-

Sap from plants infected with a strain (NDEMV) of dolichos eoation mosaic
virus (DEMU contains many ringlike particles, but few particl€s of normal
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leneths (c. 300 mpr). In purified preparations the meatr length of normal
particles of NDEMV was 300 mp and that of DEMV, 286 mp, though there
was uo difference in the pitch of the primary helix. Staining with uranyl formate
clearly revealed the 6ne structure of these panicles, and it penetrated the ring-
like particlos to the expected position of the ribonucleic acid.

7.33 McL*rN, G. D. (1967) Infectivity changes in preparations from plants
infected with tobacco mosaic virus. J. gen. Virol. 1,243-245.

The iofectivity of RNA extmcted by phenol from cell-free preparations of tobacco
leaves infected with tobacco mosaic virus inqeased not only after incubatiDg the
preparations for 2-3 hours at m-22" C but also at 2. C, and still more after
freeziog and thawing. Thus, the inqeased infectivity after incub atio1 Lt 2O-22o C
cannot be taken as evideuce of rz yilro vitus multiplication.

7.34 MTLNE, R. G. (1967) In vitro crystallisation of tobacco mosaic yirus iB
the presence of basic proteiDs. J. gen. Yirol.l, &3-4.

TMV particles form true three-dimensional cryslals in infected plants, but such
crystals have not beeo prod\@d, in yitro.It is here reported that small but truly
crystalliDe arrays of TMV particles can be formed in vitto by addiog basic
proteins to salt-fre€ TMV solutions. The protein and TMV combine in what is
probably a saltlike interactiotr of oppositely charged particles.

7.35 MCLAREN, A. D. & KrEczKowsKr, A. (196?) Some gross changes in
particles of tobacco mosaic yirus caused by large doses of ultraviolet
rcdiatiol:. l. gen. Virol. 1,391-394.

Irradiating the virus with doses much larger than Deeded to ioactivate infectivity
deDatures protein subunits so that they no longer conform to the structure o1
virus particles and fall out. This erosion in the lrals finally brcaks the particles
into amorphous masses. The quaDtum yield for denaturation of the protein
subunit is about 0.0003.

7.36 Raw, F., JoNEs, M. c. & cREC,oRy, p. H. 0968) The food of female
wheat-bulb flies (Leptohylemria coarctata (Fall.))- pl. path. 17,23_,,<

(For summary s€e No. 10.23)

7.37 VARMA, A., GrBBs, A. J., WooDs, R. D. & FrNor, J. T. (1969) Some
observations oo the structure of the filamentous particles of several plant
viruses. ./. gez. Virol.Z, 1O7-114.

Several plant viruses with filamentous particles ranging in modal lengths from
0'48 to 1.25 u. were negatively stained with uranyi formate, examined in the
electron microscop€ and the electlon micrographs analysed in various ways.
The-particles ofall"the viruses were helically construcM with a basic pitch of
33-37 A (meaD 34 A), but could be s€parated into groups by other feaiures of
their particles. Yarious measur.ements of the particles of five of the viruses
sugg€st that there were 10-14 subunits in each turn of the basic helix of their
particles-

- 
All plaqt virus€s with elongated particles seem to fal[ into one of two groups;

tbose witb modal leDgtbs of 0.3 p, or shorter seem rigid and have a basic helix of
pitch 23-25 A, and those with looger particles are filamentous and have a basic
belix of pitch 33-37 A.
378
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7.38 WarsoN, M. A. & OKUSANYA, B. A. M. (1964 Studies on the trans-
mission of groundnut rosetle virus by Aphis craccivora Koch. Am.
appl. Biol. 6O, l99-2O8-

Four strains of groundnut rosette virus were transmitted by a race of Aphis
qaccitoru (Koc\) from groundnul in Nigeria. Two of these straiDs, both from
East Africa, were transmitted only by L craccivora fromKenya. A fifth isolate,
from Nigeria, was not transmissible by either race. The two races of aphids have
been shown elsewhere to bc distinct biotypes.

l[/.ost A, craccivora aeeded longer thao 24 hours feeding on infected ground-
nuts to acquire virus, and many ne€ded 2-3 days of feeding on healthy plants to
cause infectioo, even after several days on infected plants. The delays partly
refl€ct the slow uptake of virus and possibly a period needed for virus to multiply
in the aphid, but some may be becausc the test plants resist infection,

ID consecutive feeding experimeots, Natal Common yariety could be infected
soon after aphids had left the sourc€ of yirus, but a more resistaDt Nigerian
varicty sometimes needed several days. The frequeocy of inoculation by aphids,
or the cotrcentration of virus in the inocula or both, increased with time, but the
times at x,hich aphids were able to infect plants allo depetrded on the vadety of
test plaut.

Nematology Departuent

BooK

8.1 JoNEs, F. G. w. & DUNNTNG, R. A- (1968) Sugar beet pests. Bslr.
Minist. Agric, Fish Fd, Lond.No.162 (revised) Londoo: H.M.S.O.

GENRAL PAPERS

8.2 CoRBET T, D. C. M, (1968) Cercoqtora leafspots. In: Pest control it
groundnuts. PANS Manual No. 2, pp. 55-6O.

8.3 GREE\ C. D. (1967) Nematodes. R. a{ic. Soc.12,,206-216.

8.4 JoNEs, F. G. W. (1968) The biological and economic effects of nema-
todes on crops. Sch. Sci. Rev. (In the press.)

8.5 JoNEs" F. G. W. & PARRorr, D. M. 0968) Potato production usiog
resistant varieties on latrd infested with potato cyst eelworm. Odl'
Asric, 5,215-222.

E.6 WHTTEHEAD, A. G. (1968) Nematodes.la:. Pesrt of cotee. Ed. R. H. le
Pelley, LotrdoD: I-ongmans Green.

RESEARCH PA?ERS

8.7 CLApr(E, A. J., Cox, P. M. & SITEPHERD, A. M. (1967) The chemical
composition of the egg-shells of the potato cyst-nematode, Eeterode.a
rostochiensis Woll. Biochem. I. 104, 105G1060.

Eggs of the potato cyst-nenatode (Heterodera rostochiensis woll.) were opened
by ultrasonic vibiation and the egg-shells separated from the released larvae by
centrifuging in a density gmdient. About 1 mg of dried egg-shells was obtained
from IO0O cysts. The major constituent of ths egg-shells was protein (59%,

calculated from nitrogeo conteDt). About 80% of the egg-shells dissolved on acid
hydrolysis. Of the 18 amino acids found, proline was most abundatrt, and,
with aspartic acid, glycine and serine, made up about 64f by weight of the total
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amino acids. The small amounts of aromatic and sulphur-containing amino
acids, and the presence of hydroxy-proline, indicate a collagen-like protein. The
egg-shells gave a positive van Wisselingh colour test for chitin, and glucosamine
was detected in their acid hydrolysate by chromatography. The glucosamine
content of the egg-shells, determined by the Elson-Morgan colorimetric metho4
was 7f, corresponding to about 99d chitin. Dried egg-shells contained about 7%
of lipid, 6% of carbohy&ate and !% ol ash. Polyphenols (3f by weight of the
egg-shells) were detected in the acid hydrolysates. Neither the collagen nor the
chitin showed eyidence of crystallinity when examited by X-ray diffraction.

8.8 Cunxr, A. f. & Sarrnrro, A. M. (1968) HatchiDg ageBts for the
potato cyst-nematode, Eetercdeta rostochiensis Woll. Ann. appl. Biol.
61, 139-149.

Of the rg4 compounds tested for ability to stimulate eggs of Eeterodero rosto-
chiensis to hatch, 45 did so to various extents. Many compounds that hatched
E. schachtii Schm. eggs did not hatch .[L rostochiercis eggs. The most effective
compouods with fl. tostochiensis wete picrolonic acid, anhydrotetronic acid and
vanadates. Tests with analogues of picrolonic and aDhydrotetronic acids sug-
gested some structures that may be coocemed in hatching,r1. rostochieasis 

"ndH. schachtii. The simple analogues hatched the eggs of H. schachtii b.ut not of
H. rostochiensis. Suitably placed polarisable atoms s€emed an essential feature.
Picrolonic acid coDtains pairs of polarisable atoms about 4 and 6.7 A apart that
may respectively b€ asso€iated with the hatchitrg of II. schachrii all,d, H. rosto-
cil'ezsis. Other features of the more active hatching agents were a crlr and co-
planar arrangement of the two polarisable atoms with respect to the r€st of the
molecule.

8.9 DoNcAsrER, C. C. & SHEPHERD, A. M. (1967) The behaviour ofsecond-
stzge Eeterodera rcstochiensil larraelel.ding to their emergence from the
egg. Nematologica 13, 476478.

Potato-root exudates stimulate second-stage larvae to use their mouth stylets
to cut a slit in the egg-shell. Some larvae move slightly within the egg even before
such stimulation, but after that a s€quelce of activity starts with moviug about,
followe.d by pharyrgeal gland s€cretion and stylet thrusting. Stimulatiou by
sodium metavanadate causes the larvae to move vigorously and tbrust their
stylets, but their activity is poorly co-ordinated atrd larvae emerge by pushing
tbrough the egg-shetl, which b€comcs softened, perhaps by the metavaoadate.
Gland secretions seem not to be important for egg hatch in this species.

8.10 DoNCASTER, C. C. & WrssrER, J. M. (1968) Clumping of the plant
parasitic nematodc Ditylenchus dipsaci in water. Nenatologica 14,l3l-
136.

Aggreg;ation of D. dipsaci in deep water seems to depend initially on external
facto$ to bdng the nematodes close to on€ aDother. Clumping do€s Dot dep€nd
on sensory attraction. A proportion of the Dematodes pres€nt must be moving
to form clumps by random iDterlockilg.

8.ll GREEN, C. D. (1967) Preparation of nematodes for examination under
the Stereoscan Electron Microscope and examples of photomicrographs
obtaind. Nemqto losica 13, 279-282.

The Cambridge Stereoscatr Electron Microscope allows Dernatode cuticle to be
examined in detail. Specimens must not be covered, aud alt volatile liquid must
be removed. The l€st-distorted specimens were thos€ imprsgmted with aahy-
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drous glycerol or polyethylene elvcol (400), the excess of which was drained
from ths surface before they were mounted and plated with gold-palladium in a
vacuum chamber,

8.12 GRrEr, D. N. 0967) The effcct of soil fumigation on the growth of
sugar beet. Pl. Pqth.16, lll-116.

In four trials in sandy soils where b€€t had preYiously grown poorly onty slight
improvemeots in growth and yield were obtained after fumigating the soil
wiih dichloropropene-dichloropropane mixture or chloropicrin. Sugar yields

were decreased by "D-D". Neither the D€edletematode(Longidotus attenuolus)
oor stubby root nematoda (Trichodorus spp.) were abuodant at the four sites.

8.13 HoopER, D. J. & CooKE, D. A. (1967) Some observations ol Anomyctus
xenwus AJler.,1940. Nematologica 13, 320-321.

Specimeos of Anomyctus xenurus from a sandy soil in Eastem Englaod are

compared with slDtlp€s, and the description of tbe sp€cies is augmented. The
anterior part of the spear is slightty curved and uneveoly thickened' The oral
opening of the English specimeos appears hexaradiate in face Yiew.

E.l4 (Jan JpuRr, M. S.) & HooPR, D. J. (1968) A r€view of tho gstrus

Aulolaimus de Man 1880 (Axonolaimidae: Aulolaiminae n. subfam.)
wilh notcs on the synonymy of the genus Pan&tircmo Timm, 1957.

J. Helminth.42. (ln the press.)

Aulolaimus oxycephalus de Man, t880, is redescribed. The defnition of rhe

family Axonolaimidae is amended and Aulolaiminae n. subfam. is proposed to
a(lc{,tnlloodale AulolaLrrzJ de Man, l88O at|.d Pseudoauloroirn rs Imamura, 1931.

Pandurinema Tirnm, 1957 is made a synonym of Aulolaimus and Aulolaimus

frlilormis (Iimm,1957) n. comb. is also redescribed.

E.l5 JoNts, F. G. W. (1967) Fr€quency of new females (cysts) in single cyst

crrljrlrrs of Heterodcta rcstochiensis, their relevance to the inheritauce of
ability to overcome resistance aod to the ft€quency of mating. Nenato'
losica 13, 469'.4.72.

The ability of progeny in cysts raised on eelworm-resistaDt potato hybrids brcd
ex andigeia to form new cysts otr the same hybrids tends to conform to the
hypothesis that larvae able to become females (i.e. to form cysts) are double

rec€ssives and that they are mated seYeral times.

E.l6 JoNts, F. G. W-, P^RRorr, D. M. & Ross, G. J. S. (1967) The popula-
tion genetics of the potato cyst-nematode llelerodera rcstochiensis:

mathematical models to simulate the effects of growing eelworm-
r€sistant potatoes bred from Solanum luberosum ssq. andiSena' Ann'

appl. Biol. 60, 151-t7 1.

To follow population chang€s when potato varieties with resistance to Hetercdera

rosrochiensis derived from Solanum tuberosum ssp. and@ena wene Crown on
i[fested land, a computer program was writte! iduding thr€e mathematical
relationships: (l) a law relating multiplication to pre-cropping densitv;(2) two
mathematical models of inheiitance of ability to overcome resistaoce; (3) a law
relatiog the proportioo of larvae able to b€come female to pre+loppitrg popu-
lation density. The programme also included four parameters: (l) the maximum
possible reproductive rate; (2) the fractiotr of the population (eggs) not par-
iicipatiDg in reproduction when potato€s are Srow[ and carried over to the
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following year unchanged; (3) the fraction carried over annually when other
crops are grown; (4) the fr€quetrcy of larvae able to become female in the
population initially. Population d€nsity was measured relative to the equilibdum
density, aDd was therefore independent of the units in which density is usually
measured.

After supplying a range of parameters for all the above to iDclude those
likely to be encountered in practic€, the changes exp€cted (a) in the frequency
of larvae able to b€come female in the roots of resistant yarieties, and (6) in the
population density werc computed for resistant varieties gown continuously or
altemately with susc€ptible varieties in clop rotations of different lengths.
Because well-established field populatioos are relatively dense, observed repro-
ductive rates are small and rarely approach the ma,rimum possible, Reproductive
rate is therefore a relatively unimportant determinant of geDetic chaDge. The
fraction of the population caried over to the following year is more impodant
because it afle€ts the length of a crop rotation necessary to make yield losses
acceptably small, determines what the multiplication rate will be and influeoces
ihe speed of geoetic change by providing a reservoir of initial type males to
backcross with any genetically differeot females that may deyelop on the roots of
resistant plants.

Whetr the law relating the proportion of larvae able to become female to pre-
cropping population deasity was included in the computations it had little
effect initially, but later, after several generations, it delayed genetic change.

Two field experiments, one by Huijsmas (1961) another by Williams (1958)
and Cole & Howard (1962a), provide some of the variables needed to compute
trends in population density. Best-fittiDg variables were computed for the r€sulis
of these experiments by the method of maximum likelihood. The computed
parameters for one experiment were not yery realistig but those for the other
were in lioe with what .l ould b€ expected in practice and tended to favour the
hypothesis that larvae ab[€ to become female in the roots of resistant plants are
double recessives.

The computations lead us to suggest that the b€st policy for potato growers
who have 6elds suitable for resistant varieties is to altemate resistant with
susceptible varieties in a crop rotation containing potato€s every 3 or 4 years.

8.17 JoNTs, F. G. W., PARxcrrr, D. M. & WILLrAMS, T. D. (1967) The yield
of potatoes resistaDt to Heterodera rostochie$is on infested land.
Nenato logica 13, 3Ol-310.

Yields of a resistant potato variety bred from Solanum tuberosum ssp. andigena
were adversely affected when theh roots were invaded by E. rostochiensis
larvae of a pathotype unable to multipty in them, Yields were inversely pro-
portional to pre-cropping population densities- Poputatiotrs defieased slowly
when the resistant vadety was grown coDtinuously, but showed a tendency to
increase after +5 years. There was some evidence that pathotypes I and l, 2
increased slightly (pathotru€s B and C of other British workers), whereas
pathot ?e 2 (pathotype A) remained much the same, The dominant gene for
resistance from .Solazum tuberosum ssp. andigena, tl\e one ftom S. ,nuhidissectum
and both together, seemed to confer some toleranc€ to the injury caused by root
invasiotr. After fumigating soil with methyl bromide potato yields were inqeased
so much that pathogens other than E. rostochiensis were probably also coo-
trolled. Although a significant linear relationship could b€ fitted to the relation-
ship between the yield of an experimeotal resistant variety bred, fuom S. tubero-
sum ssp. aldigena a;tlld the logarithm of the pre-cropping population deDsity, the
real relatioDship is probably sigrnoid.
382
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8.18 S^Nros, M. S. N. DE A. (1961) Meloidoeyre atdcnensk t. sp. (Nema-
toda: Het€roderidae), a Dew British species of root-knot nematode.
Nenutolog ica 13, 593-598.

Meloidogyrc ardeneasr:, n. sp. is described from Vinca minor atd other woodland
plants in EnglaDd. It diffen from other described sp€cies in the periu€al pattern,
the forward position of the exqetory pore and the fairly long stylet of th€
female, iD the truncate coDe-shap€d head with three or four annules behind the
hcad cap in the mate, and iu having the excretory pore anterior to the hemizonid
in the larva.

8.19 SHEprcRD, A. M. & @x, P. M. (1967) Observations on periodicity of
hatching of eggs of the potato cyst-nematode, Eetercderu roslochiensis
Woll. Am. appl. Bior. 60, 143-150.

Soil cootaining new-geDeratioD cysts of Heterodera rostochiensis was taken from
the 6eld at monthly iDtervals duriDg late summer and auturDn and kept iD
various conditioDs for up to a year. The number of eggs that hatched io the
storcd cysts was compared each month with the number that hatched in cysts
takeD directly from the field. Eggs did not hatch r€adily when stimulated duing
the late autum! and early winter, although more did so in cysts taken from the
field before August than after. A few more eggs hatched in cysts storcd in air-
dried soil than in cysts stored in moist soil. Some cysts were kept at 15 or 20'C
continuously and others at 5', 15'or 30'C for 6 weeks, followed by 20'C
continuously. Storage at 30' C caused eggs to hatch sooner, but otherwise the
temperature of storage had little €ffect oD hatch at any time of the year. Warmth
also increased the hatch of IL crucilerae soof,el and some synthetic hatching
agents did so with both of thes€ sp€ci€s- When freed from new cysts, more eggs

of If. rcstochiensis hatch€d thau in iniact cysts, and hatch was funher increased
when the fragments of taDned cyst-walt were left with the freed eggs. Puncturing
the cyst-wall of new brown cysts had little effect on the hatch in potato-root
diffusate. Like eggs in new cysts, those in l-year-old cysts storEd out of doors
ceas€d to hatch during the autumn and winter. The term "dormancy" is in-
adequate to describe the inability of eggs of E, roslochiensis aad ofi]€r Heterodera
spp. to hatch iD the appropriate stimulaot, aDd the telm "facultative diapause"
as applied to iDs€cts better fits the phenomeDoD.

8.20 TRUDGtr-L, D. L. (1967) The effect ofenvironment on sex determination
in Heterodera rosrochiensis Woll. NematoWica 13, 263-2'13.

The conditions to which larvae of II. rostochiensis were exposed in host-platrt
roots determined the sex ratio of the adults. The proportioo of larvae becomiog
fernale decreas€d with increasing nematode density, and the sex ratio was unity
with about 10 Dematodes per cm of root. Apparently s€cond-stage larvae can

b€come females only when provided with giant cells of a minimum size and
nu&ient content. As the density of iovading larvae increases, fewer find sites to
cotrtain such giaDt cells and an increasing proportioD b€come males' Most
larvae that invade lateral roots b€come Eales.

8.21 TRUDGu, D. L., WEBSTER, J. M. & P^RRor, D. M. 0967) The
effect of resistant solanaceous plants oo the *xralio of llererodera rosto-
chiensis aad the use of the sex ratio to ass€ss the ft€quency aDd genetic

constitution of pathome.. Ann. appl. Biol- 60,421428.
The s€x ratios of two Heterodera rosloch.lerljij populations w€re compared on 15

solanaceous plants. Larvae did not mature in tfu roots of Afiopa belladonna,
Datwa stramonium or Nicoti no tqfucum, b\t adulls werc produced on the

383

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-1-120 pp 35

ROIHAMSTED REPORT FOR 1967

other platrts, on some only males, and on othen males and females. With two
other populations, but not with a third, the percentagc of larvae that bocome
female on a potato hybrid with a dominant grene for resistance deriyed from
Solanam tub*oswn ssp. andigena lfo(,]altrd during successive generations on lhe
hybrid io accordance with the hypothesis that such larvae are double recessives.
Fewer larvae bocame adult in plants with two dominant genes for resistance
thao in plants with one, and such plaots probably exerted s€lectioD oD both
males aDd females. A population from St. Brelades (Jersey) produced fewer
femalcs and more males on the suscaptible variety Arran BaDner than did
either the Thomey (Cambs.) or Aberystwyth populations. A much gleater
percentage of larvae from the St, Brelades populatiotr became female on an ex
aadigena hybrid, &rivd, from CPC 1690 rhan on one derived from CpC 1685.

8.22 WEBSTER, I. M. (1967) The influence of plant grorth substances and
their inhibitors on the host-parasite telationships of Aphelenchoides
ritzemabosi i\ c\ltttre. Ne,rarologica 13, 257-262.

The multiplicatioo of Aphelenchoides ritzerrabosi on luceme seedlings gro*n
aseptica[y on nutrient agar medium without 2,,kichlorophenoxyacetic acid
was significantly increas€d by kitretio, gibberellic acid. indole-3-acetic acid
(IAA) and by the IAA precursor tryptophane. The double treatments gibberelic
acid-IAA and gibberellic acid-tryptophane increased muttiplication signi-
ficantly more than gibberellic acid alone. (2-Cbloroethyl) trimethylammonium
chloride (a gibberellic acid antagonist), 7-azo-indole (IAA inhibitor) atrd 2-hy&-
oxy-5-nitro-benzal bromide (tryptophane inhibitor) decreased multiplication,
significantty so in the presencr of gibberellic acid. The oernatodcs multiplied
fastest when plaot gxowth or cell activity was greatest. It is suggeste.d that the
nematodes s€crete proteolytic enzymes that retease from the plant tissues amho
acids such as tryptophane (precursor of IAA) and sub6lances such as gibberellic
acid, which stimulate cell activity aod groMh aud provide coDditioDs favourhg
nematode multiplication.

8.23 WEBSTER, J. M. & GREET, D- N. (1967) The efrect of a host crop and
cultiyations on the rate that Ditylenchus drpsaci reiofested a partially
stedlis€d area of land. Nenatoloeica 1r,295-3c/J.

A clay-loam soil iDfested with Ditylenchus dipsaci was fumigated with methyl
bromide and its reinfestation from adjacent uofumigated land studied. Culti
vation across fumigated and uDfumigated plots did not increas€ the rate of
rcinfestation. Fauow plots were in ded more slowly than plots carryiDg a host
crop (the susceptible oat, variety Powys). Movemeot from unfumigated fallow
plots was faster at frst than from those plots carryiog oats, but hter, after
nematodes had multiplied itr the oats, was faster from plots carryiDg oats.

8.24 Wm'TEIEAD, A. G. (1968) Taxooomy of Meloidogyne Goeldi, 188?
(Nematoda: tleteroderidae) with descriptions of four new species.
Trons- zool. Soc. Lond. 32. (In the press.)

A taxonomic study cotrfmed the morphological distinctness of 2l species of
Meloidog.ne, including thrce new species from Africa and one from India. M.
inornata Lat&llo, 1956, and M. tafuhikistanica Kiiarlova and Ivaoova" 1965,
may be distinct species, but M. poghossianae Kirjanova, 1963, is a species
inquirenda. Keys to identify adults and larvae to their species are giveo. iypes
are designated for M. exieua G@ldl 1887, M. arerutia (N?al, lS89) Chitw;;d,
1949, M. iacognita (Kofoid & White, l9l9) Chitwood, 1949, M. javanica (ltettb,
tE85) Chitwood, 1949 aald M. riarn"si Chitwood in Chitwood, Sp€cht & Havis,
384
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1952 (Goodey, 1963). The gea\s Hwsoperine Sledep & Golden, 1964, is re-
j@ted and two of its spocies retrlamd M. gramiaE (Sledge & Golden, 1964) n.
comb. and M. sparrinae (Rau & Fassuliotis, 1965) n. comb., atr'd H. acronea
(Coetzce, l95O Sledge & Golden, 1964 is returned to M. acronea Coetza,1956.

8.25 Sy'nrrrmro, A. G. & TIrE, D. J. (1967) Small doses of "D-D" soil
fumigalt to cootrol free-living nematodes injurious to sugar beet. Pr'
Path.,.6, l07-l09.

Sma[ doses of "D-D" kill maoy fr€e-living nematodes in sandy soil and can
signmcaotly increase yields of sugar beet aod barley. The furigant can be
placed during ploughing and irs position iodicated by drilling rows of winter
whcat at intervals on the ploughed land. The rows of wheat act as markers in
the spring aud allow spring-sor tr crops to be drilled in the fumigated bands of
soil.

IEecticfuIes an(l Futrgicides Deporment

Grxrur, PrPrns

9.1 ELLrorr, M. (1964 Synthesizitrg pyrethrinlike insecticides' Sciezcc
Jowaal (March),3-3.

9.2 IpRD, K. A. (1960 Ins€cticides and Fungicides Departmetrt, Rotham-
sted Experimental StatioD, Harpenden. ly'ld Rev. Pest Confiol5,176-
r86.

9.3 NEEDHAM, P. H. & SrEvENsoN, J. H. (1967) Bee poisoning in 1966.

Bee Wld $ (l), 7.

9.4 SAwrcKr, R. M. & FARNHAM, A. W. (1964 lhe use of visible mutant
markers in the study of rcsistance of house flies to iosecticides. Procead'
ings of the 4th British Insecticide and Fungicide Conleretce 1967,355-363.

RESEARCH PAPERS

9.5 B^NKS, C. J. & MaCAULAY, E. D. M. (1967) ffi@ts ol APhis fabae
Scop. and of its attendaut ants and iDs€ct predators on yields of field
baos (Yicia faba L.). Ann. appl. Biol. @, 445453.
(For Summary see No. 10.9)

9.6 B^sHEn, S. Et- (1967) Causes of rcsistance to DDT in a diazioon-
s€lected and a DDT-selected straio of house-flies. Enr. exp. & oppl.,O,
lll-126.

The caus€s of resistance to DDT in a DDT-s€lected (F58w) and a diazinon-
s€tected (SKA) strain of house-flies differed.

Small (l rrg DDT/fly) topically applied doses penetrated more slowly into the
SKA than itrto the F58W or susceptible strains. I-arge doses (32 pg/fly) pene-

tmted equally fast into all strains.
The two resistant strains metabolis€d DDT rapidly and the susceptible strain

slowly. The ooly metabolite identified was DDE.
WARF aoti-r€sistatrt is a powerful synergist for DDT in the F58W srain, and

prevents the formation ofDDE. WARF anti-resistant is a less good syDergist
in the SKA strain, which poss€sses other mechauisms for metabolising DDT aod
also DDE.

DDT or its decomposition ptoducts s€em to interact sroogly with the tissues
of SKA Eies from which they are not readily extracted.
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9.7 ELLrcrm, M., FAFr.rrAM, A. W., JANFS, N. F., Nmn ur, p. H. & pE R-
soN, B. C. (1967) 5-Benzyl-3-furylrnethyl cbrysanthemate: a new
potent ios€cticide. Natwe, Lond, 213, 493494.

5-Benzyl-3-furylmethyl (*)-rraas-chrysantheEBte (D, is 55 times as toxic to
adult female Musca domestica L. (ho\se-ftes) as the mixed este6 of the natural
pyrethrins, Dearly three times as toxic as parathion aDd more than five times as
toxic as diaziaoD, aDd 10 times as toxic as the natural plrethriDs and 13 times
as toxic as paIa,thioL to addt Phaedon cochleaiae Fab. (mustard beetles). This
ior€cticidal activity is greater than has been fouod before in a compound con_
taining only carbon, hydrogen and oxygen.

_- 
Details of this and r€lated compounds, aod of the methods of synthesis, are

discussed-

9.8 ELLrorr, M., JANES, N. F. & JEFrs, K. A. (1961) 2,4-Dimethylphenyl-
acetic acid from cyanodihydroc{rvone. Chemy. Ind., ll7'.

2,+Dimethylphenylacetic acid, not 2,3,GtrimethylbeDzoic acid, is obtained
wheE the lactam from treatiDg cyanodihydrocarvone with amyl nitrite is h€ated
with hydrochloric acid.

9.9 E[.ucrm, M. & JALrEs, N. F. (1967) S,:orhcsis of +A yl- and,l.Beozyl-
2,6-dimethylbromobeDzene from 2,GXylidine. J- Chem. .Soc. (C),
t'180-1't82.

tV-Allyl-2,6xylidine was unchanged when heated aloDe, but rearraDged to
4-a[yl-2,6-xylidine with zinc chloride in refluxiDg xylene. When the hyrlro-
chloride was heated alone the principal reaction was dissociatioD to allyl chl;ride
and xylidine, and only a trace of 4-allyl compound was formed. I! contrast,
N-benzyl-2,6-xylidine did not tearrange in the presenc! of zinc chloride, but thi
required ,1-benzyl-2,6xylidine was obtained by direct beozylation of 2,6xylidine.
The il-allyl- and +*Dzyl-2,Gxylidin€s were converted smoothly to the corre-
sponding bromobenzenes by the Sandmeyer reactioD.

9.10 ELLrorr, M., JANES, N. F. & PEARso\ B. C. (1967) The pyrethrins ard
related compounds. IX. Alkenylbeozyl and benzylbenzyi chrysanthe-
mates. J. Sci- Fd Agric. f8, 325-331.

The syntheses of +allylbenzfl, +beDzylbenzfl aDd other related beDzy chrysatr-
themates are described. The b€ozyl alcohols were made by reduction of beEoic
este.s when thes€ were readity obtainable; otherwise they were made either
by Grignard reactioos of appropriately substituted bromobenzenes with
formaldehyde, or by reactions of atkeuyl halides with crignard derivatives of
bromobenzyl alcohols in which the hydroxyl group was protected as its
tetrahydropyranyl ether.

9.11 ELLrorr, M., FARNHAM, A. W., JALrs, N. F., NEEDHAM, p. H., pEARsoN,
B. C. & SrEvENsoN, J. H. (1967) New slmthetic ins€cticidal compounds
related to the pyr€thrins. proceedings of the 4th Bdrish Insecticide atd
Fuagicide Conference 1967, 437-443.

In the most potent insecticidal esters of chrysanthemic acid the alcoholic com-
ponent has a side chain with aB activated methylene group held by a planar riqg
in a definite stereochemical relatiotr to the acid part of the molecule,

Of the compounds that fun this condition, the most toxic have spatial
arrangements very similar to those in the natural pyrethrios. This situation is
found h 5-benzyl-3-furylmethyl (*)-lraas+hrysanihemate, the best syDtheric
compound so far.
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The toxicity atrd susceptibility to sFergism of this compound and othe6
related to it are compared with those of other pyrethroids and of ins€cticides of
other class€s.

9.12 ELLrorr, M., HARPER, S. H. & KAzr, M. A. (1967) Experimetrts oo the
syothesis of the pFethrins. )(IV. Rethrins ard the cyclopentadieoone
related to 3-methylcyclopent-2-enone. l. Sci. Fd Agric. Ia, $7-171.

DiDeric 3-methytcyclopeotadienone was obtained by dehydrobromination of
+bromo-3-methylcyclopenlenone and by hy&olysis of 4-hydroxy-3-methyl-
cyclopentenoDe formate. Four structures for the dimer were possible. Synthesis
and spectroscopic evidence showed that the dimer obtained was formed by
additioD to the uosubstituted double bond, with the methyl group on the nor-
bomene riog in the positioo more remote from the carbotryl group of the
cyclopentenone. Decarbonmonoxylatiou of the dimer gave 3,5dimethylin-
daqone, syoth€sised for comparisoo by anotber route.

Contrary to atr earlier report, pyrolysis of 9,10 dihy&o-9,1G{4,5-3-methyl-
cyclopeot-2€nooo)antbracene (obtained by alkaline cyclisation of the adduct of
anthrac€ne and diacetyl ethyleDe) gave mainly 3,5-dimethyliodaDone and not
3-methylcyclop€ntadienoue.

Rethrins with no sids chain in the alcoholic part of the molecule were s1n-
thesised from +bromo-3-methylcyclopent-2+none. Allethrolone cyclopropare
carboxylate was made to compare its insecticidal activiry with alletbrolone
chrysauthemate.

9.13 Fnrr, J. 8., Nrrou-aw, P. H., RAcEy, P. A. & SrEvENsoN, J. H. 0967)
The effect on hoDeybee mortality of applying ins€cticides as sprays or
granul€s to flowering field beaos. J. Sci. Fd Agric.18, 13!138.
(For summary see No. 11.12)

9.14 GRAHAM-BRYCE, I. J. (1967) Method of supplying water to soil at
osmoticallycontrolledpotentials. Cheny lnd.351354.

When soil is separated from a suitable osmotic solution by a semi-permeable
membraue water will move from solution to soil only wheD the tension in the
soil exceeds that in the osmotic solution. This pdnciple is used to cootrol the
poteDtial at which water ente$ soil in pot experiments. Pots are made from
Visking dialysis tubing supported inside perforated polythene pipe. After
packing with soil at a suitable moisture content, the pots are placed in tanks of
polyethyleDe glycol (PEG) solution which are maintained at constatrt mncen-
tration so that water can be supplied to the soil continuously and automatically
at known potentials. A simple isopiestic method for determining the osmotic
pressure of the PEG solutions is describ€d. Moisture control was followed in pots
containing soil only and othe$ planted lvith wheat, After an initial period of
adjustment the weights of pots remained almost constant for periods of up to 4
wceks- Longer periods could not be studied becaus€ the membrane decomposes.
At the end of experiments examination of the soils showed that below a drier
surface layer water conteDt varied littte throughout the soil except for a small
teDdency for the soil to become wetter from top to httom of the pots,

9.15 GRAHAM-BRYCB, I. J. (1967) Adsorption of disulfoton by soil. J. Sci.
Fd Agric. 18, 72-:77.

Adsorption of the systemic ins€cticide disulfoton (diethyl S-[2{ethylthio)-
ethyllphosphorothiolothionate) by soil was studied using a wet-slurry t€chDique.
Extraction of soils and solutions after equilibration showed that more disul-
fotoo was lost from solutiou thar could be extracted from soil, principally
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because of microbial alteration and adsorption by glass. In two contrastiog soils
equilibratioD was complete by 3 hours and air-dry soils in the laboratory ad-
sorbed similarly to the moist 6eld soils from which they were derived. Adsorption
was fully reversible if desorption took place immediately after uptake when soils
were still wet, but the release was modified when the soils were allowed to dry
thoroughly between adsorplion and desorption. The empirical Freundlich isq,
therm fitted adsorption r€sults for 17 different soils wet[. The isotherms had
different curvatures, but deviatioDs from linearity were small, so that linear iso-
thcrms provide good approximations. Comparison of the slopes of the best-
fitting linear relatioDships showed that adsorption was closely related to the
amount of organic matter in the soil.

9.16 GRAriaM-BRycE, L J. & ETHERTDGE, P. (f967) Effect ofsoil moisture
conditions oo uptake of systemic insecticides from soil by plants.
Proceedings of the 4th Birish Insecticide and Fungicidc Conference 1967,
336-343.

The influence of soil-moislure conditioN oD the efectiveoess of the soil-applied
systemic ins€cticides disulfotoD, phorate, dimethoate and menazon against
aphids was studied by experiments with wheat in pots and by irrigating potato€s
in the field. Soil moisture was controlled in the pots osmotically. Results are
interpreted in relation to other experimeDts on adsorption aod diffusion in soil.
In the pots effects of moisture were small, but effectiveness of dimethoate usually
decreased and that of disulfoton iocreased with increasing moisturc. Uptake by
the wheat was probably not limited by movement to the roots, but by adsorption
by the roots, which depends on tho concentration in the soil solution. In the
field i[igatioB increas€d effectiveness of dimethoate and menazoo, but Dot
disulfoton and phorate. This is not simply b€cause of different relatiotrships
between moisture content and diflusion rates for these insecticides in soil result-
ing from difrerent physical prop€rti€s as was previously suggested. Other possible
explaDations are considered.

9.17 GBTFFITHS, D. C. (1967) The effects of insecticides on the bitiDg be-
haviour of wircworms (Ae"iotes spp.). Ent. exp, appl. 10, l7l-180-

Filter-paper discs soaked in nutrient were used to study how ins€cticides affect
the biting behaviour of wireworms. When wireworms were buried in soils
treated with 3 7 ppm atdrin, Bayer 38156, N 2790 or thioDazir they stopp€d
biting several days or weeks before they died. Tbree out of 10 wireworms slowly
recovered their biting ability after being buried for 4 days in soil containiog
3'7 ppm 1-BHC. Biting behaviour was little affected when wireworms were
confioed to soils containiDg ins€cticides know! to be not very toxic to wire-
rPorrns.

NutrieDt discs treated with thionazin or y-BHC were bitten less often than
discs contaitring nutrient alone. Those tr€ted with nutrient and aldrin were
bitteD almost as often as nutrient discs, but the wireworms later stopped biting
and died.

9.18 GRrrFrrHs, D- C. & Scorr, C. C. (196'7') Persisterce aDd effectiveness
of carbophenothion, chlorfenvinphos and ethion seed dressings to con-
trol wheat-bulb fly, Leptohylemyia coarctatd. Proceedings of the 4th
British Insecticide and Fungicide Conference t967, 118-123.

Cappelle winter wh€t s€eds dressed with carbophenothioo, chlorfenviophos,
ethiotr or fungicide alone (controls) weie sown on a wheat-bulb-fly-infested site
iD &ober, Noyember aDd December. Plant samples were taken in February for
388
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exh?ction and estimation of ins€cticide, and in March for recording the biG'
logical effects of the treatments, The amounts of insecticide recovered from the
s€eds and roots of February samples were similar for all three sowings and
wsrc about 3014 of the carbophenothion, 2% of the cb.lorfeovinphos and 15/" of
the ethion that had b€en applied to the seeds. Litlle ins€cticide was found inside
the "bulbs" of the plaots, The biological effects of the treatments were gr€atest

with the late sowings, where the controls had twice as many damagpd shoots and
only half as many healthy shoots as treated plants. Yields w€re taken only from
the early sowtr plots, where the differ€nces were least, and although a[ thrce
treatments yislded more than the controls, the incr€ses were not signifrcant.

9.19 GRrFFrIHs, D. C., RAw, F. & I-orTy, J. R. 0967) The effects on soil
fauna of ins€cticides testcd against wireworms (lpiores spp.) in wheat.
Ann- appl. Biol. @,479490.

Tbe organophosphorus ins€cticides Bayer 38156 (o-€thyl s-Ftolyl ethyl phos-
pholodithioate), trichloronate, Stauffer N n9O (O-ethyl ,S-phenyl phosphono-
dithioate), thionazin and fenitrothion were compared with aldrin, dieldrin and
y-BHC for their effects on soil fauna, particularly wireworms, and on crop yields
in 1964 and 1965. At l'5 lb active ingredient/acre none of the organophos-
phates had as great an effect on wireworms as an aldrin spray al2'25 lb a.i.lacf,e
or a dieldrin seed dressing zl 2'25 lb a.i./acre. Some treatments significantly
increased and some significantly decreased numbers of mit6 and Collembola.
Except for Allolobophora chlorotica it plots treated with Bayer 38156, earth-
worm numbers were great€r iu plots sprayed with Bayer 38156 or aldrin, or sown
with dieklrin-&esscd s€€ds, than in untrcated plots. In May 1964, I month after
sowing, untreated plots had significaotly fewer plants than plots sprayed with
aldrio, tricbloronate or Bayer 38156, or sown with T-BHC or diel&in-dressed
seeds, but yields from untreated plots at harvest were large for such a wireworm
population aod did not differ significantly from yields of treated plots in either
year.

The p€rsistence of thioDazin and Bay€r 38156 in treated plots was measured

by a bioassay using Collembola. Bayer 38156 was detected in plots I month after
spraying, but not after 6 months. Thionazin left detectable residues I month
after spraying in the two acid ptots, but not in the two alkaline plots. More
frequeot samples taken from thionaziD-tteated ptots iD 1965 showed a similar
pattem of p€rsistence, and laboratory tesls, usitrg soil mixed with various
amounts of powdered calcium carbonate, confirmed that thionazin p€rsisted

longer iD more acid soils.

9.m GruFFIrHs, D. C., Scsrl, G. C., MaSKELL, F. E. & MATttr,cs, P. L. (1967)

The control of wheat-bulb fly (,Leptohylemyia coarcrara Fall.) in wiDter
wheat. Single row trials ofexperimental seed dressings. Pl. Path.16 (1),
Suppl. I l-13.

Bxpsrimental materials were tested against wheat-bulb fly in 1964/65 and
1965/66 by formulating them as s€od-&essings, stickiog the insecticidal dressing

and orgaoomercury fuogicide to the seeds with methyl cellulos€ aDd sowitrg the
s€cds in iDfested fields as lGft rows replicated four times. Soeds drcssed with
heptacNor, as a standard, aDd with fungicide alone, as a control, were included
for comparison.

Of the twelve experimental compounds testcd on a peaty loam site ia 19 165,

cthion gave the best results. Plants grown from seeds dressed with O'15y" a-i.
ethion had only 9eZ damaged shoots compared with 38% damaged shoots in the
coltrols. In 1965/66 1l more materials were tested at two sites, a peaty loam aod
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a clay loam. Ethion again did well, and one other orgaoophosphorus insecticidg
carbophenothioD, was about equally efrectiye.

9.21 GwrAzDA, M. & I,RD, K. A. 0967) Factors affecting the toxicity of
diaziAon to Musca dorrvstica L. Aru. appl. Biol.59,2l-232.

Process€s affectiDg the toxicity of diazinon to a susceptible and a r€sistaot straitr
of house-flies were examined-

More evidence was obtained to show that slower peoetration of diazinon
through the htegument of resistant flies is a cause of rcsistaoce.

Small amounts of two decomposition products were found in both strains.
The decomposition mechanisms in these strains were difrerently distributed and,
although detoxicatiotr ofdiazinoo in the two straiDs is quantitatively similar and
small, it may contribute to resistance.

Traces of diazoxon were detected when diazinon was incubated with tissue
extracts of either strain.

Tissue extracts of r€sistant, but Dot of susceptible, flies decomposed sig-
nificatrt amounts of diazinon in I hour, and the ability to decompose diazoron
s€ems to be aD important cause of resistance.

Tissues of both strains sorbed diazinon from aqueous solutioE similarly; the
quantities sorb€d were large and suggest that sorption may increas€ the amourt
of poison needed inside the ins€cts to kill, by betweeu 5 and ,lO iimes.

9.n KING, H. G. C., PRTTDEN, G. & JaNEs, N. F. 0%7) Synth€sis of the
activecomponeots of commercial Titan yellow for us€ in the determinatioD
of magnesium. Analyst, Ioad.92, 695.
(For summary s€e No. 3.O

9.23 I,RD, K. A., GREGoRY, c. E. & BuRr, P. E. (1967) The penetration of
acetylcholine into the central nervous system of the cockroach pezi-
planetq ameicana L. .1. exp. Biol. 46, 153-159.

The hy&olysis of acetylcholine and acetylthiocholine by cockroach ventral
nerve cords was examioed by biochemical and histochemical methods, and used
as ao indication ofthe penetration ofthe substrates into the nerve cord. The ratc
of penetratiou of acetylcholine iDto intact Derve cords, measured biochemically,
agrees well with estimat€s by previous workers using a more direct method. A
barrier to the peoetration of the two cholinesterase substrates is destroyed by
tteatment with ac€tone, which increased the rate of hydrolysis of acetylcholine
five to tenfold. Histochemical tests showed that acetylthiocholine is probably
prevented from penetrating freely to the neuropile of the ganglia by the gjial ce[
Iayer. When the restriction is abolished by treating the cord with acetong
acetylthiocholine reaches the neuropile but peoetrates it for only a short distaDcc,
probably becaus€ it is decomposed by the chotinesteras€ in this region.

9.U IrpD, K. A., Scsrr, G. C., JEFFS, K. A., GRrFFrrHs, D. C. & MASKELT,
F. E. (1967) Persistence and distribution of insecticidal seeddressings
for control of wheat-btlb fly. Ann. appl. Biol. 6O, 1jll80.

Samples of plants and soil from two experimental sites, one clay loam ard oDc
peaty loam, weae analys€d chemically to try to explain differing results with
y-BHC and diel&in seed-dressiogs applied to control wheat-bulb fly on dif-
ferent soil types, and to suggest reasons for patchy plaDt stands and occasional
failure to control the pest. Seed dressed with dietdriD yielded more than un-
trcated s€ed on both sites, whereas s€ed treated with Y-BHC yielded as much as
s€ed treated with dieldrin on the clay site, but it yielded less than untreated seed
on p€at. The chemical analyses showed that the poor performance of y-BHC on
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the peat site could not be explained by its failure to p€rsist, because the soil still
coDtaioed coosiderable quantities of 1-BHC at the time of ios€ct attack. Possible
rrasons may be sorptioD of the poison by orgaDic matler making it less available,
aod deeper sowing, permitting larvae to reach the plaDts without prolongpd
contact with the ins€cticide.

Bayer 38156 (O€thyl S-r-tolyl ethyl phosphonodithioate) and trichloronate
(o-cthyl O-2,4,5-trichlorophenyl ethyl phosphonothionate) persisted in soil lotrg
enough and were sufEciently toxic to wheat-bulb fly to suggest that orgauo'
phosphorus compounds might provide altematives to chlorinated hy&ocarbon
ins€cticides for control of the fly.

Analys€s made on s€eds drcssed at the laboratory for the exp€riment showed
that the amounts of insecticide on seeds were smaller than exp€cted aDd that
the amounts oD itrdividual seeds differed gxeatly. Of l0 samples of seeds dressed
commercially with 1-BHC, tfuee carried very little ins€cticide, aud the variations
in the other s€ven samples \f,ere Sreater tha.n with exp€rimctrtally applied
dressings-

9.25 McINrosH, A. H. & EvEUNc, D. w. (1967) Effect of wax and lanolin
emulsions otr the efficieocy of potato bliSht fungicides in laboratory
t6ts. Ann. appl- BioL A,223-230.

Four potato-blight fungicides (copper oxychloride, tetrachloroisophthalonitrile,
zineb and fetrtin acetate) were formulated either by adding cmulsions of paraffitr
wax or lanolin to solid fungicide dispersed in water, or by dissolving the fungi-
cide in wax or laaolin and then emulsifying the solution; all emulsions were
non-cr€amilg aod extremely stable. These formulations were compared in the
laboratory with commercial wettable powders of the same fungicides for their
ability to protect detached potato leaflets agaiost infection by Phytophthota
,'ileJranr (Mont.) de Bary; in these and in other laboratory tests the quality of
rainfastness, or tenacity, was involved dfuectly or indirectly.

Most of the rxax or lanolin formulatioDs gave bett protection than the
wettabte porxders. It is suggested that the wax and lauolin acted as viscous
stickers, suitabty iocreasing the rainfastness of deposits on leaflets; and that
when the fuogicide was dissolved in the wax or lanolin before emulsification the
particle size of the dispersed fuogicide was extiemely small, a quality that
increas€s biological action.

9.26 Ra$,, F., Irrry, J. R. & Porrrx, C. (1968) Studies itr the chernical
control of wireworms (Agtiores spp.). 3. The direct aod residual
effects ofBHC, alclrin aod dielclrin. Bull. enr. Res. (In the press.)

(For summary see No. 10.22)

9.21 SAwrcKI, R. M. & FARNHAM, A. W. (1967) Genetics of resistaDce to
ins€cticides of the SKA slrait of Musca domerrica L. I. Location of the
main factors responsible for the maintenaDce of high DDT-resistaDce in
diazinoD-selected SKA flies. E r. exp. appl.l0,251262.

Thc faclors responsible for resistaoce to diazioon and DDT in diazinon-s€lected
sKA flies are either linked or common to both ins€cticid€s. This is why SKA
flies are very resistaDt to DDT, althougi they have been s€lected solely with
diazinon for over 9 years. DDT-as€ @DT-dehydrochlorinase), which is in-
hibited by FDMC (bis+<hlorophenyltrifluoromethvl carbiDol) and bv
WARF-antiresistaDt (N,N-di-rr-butyt-Pchlorobenzene sulphoramide), and little
aliesteras€ are oD the V liDkage group Qliroyoshi's Dumbering system). A
Esistance factor (R3) inhibited by sesamex (2-(3,4 methvlere dioxyphenory)
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3,6,9-trioxaundecane) most probably common to DDT atrd diazinon is oo the
III linkage group. The third factor is recessive, segregates indepcndeutly of the
other factors and is unaffected by the sytrergists. It probably confef,s otrly
moderate resistancr to DDT. This factor se€ms to segregate together witi a
factor cooferring weak resistance to diazinon. DDT-ase occurs in fewer than
zel of tl]€ SKA flies. R3 seems to bo the major factor of resistaDce to DDT
iu SKA flies- WheD heterozygous R3 gives only moderate resistance to DDT.

9.28 SAwIcKr, R. M., (Fnr.rco, M. G. & MrLANr, R.) (t966) cenetic
analysis of non-recessive factoB of resistanc€ to diazinoo in the SKA
straiu ofthe housefly (Musca domesticaL.). lltld Ekh Bull.35, 893-903.

The receot allocation of many visible mutants to sp€cific linkage-groups has
made possible their use as geoetic markers in the study of the inheritance of
insecticide resistanc!. In most organophosphorus-resistatrt stBitrs resistance is
controlled by a single g€ne on the V linkage-goup responsible for resistance and
small aliesterase activity, but iD some strciDs more than oDe factor is pres€nt.
The pres€nt work was done to aoalyse the genetics of resistance to diazinon in a
strain (the SKA strain) bred from two diazinon-resistant strains. Crosses betweeD
the SKA flies and four susc€ptible recessive markcr strains, each marked on one
linkage-group, followed by test-cross€s with (ecessiye markers and by bioassays
of each cross, have shown that non-recessive factors for rcsistan@ to diazinon
are present on the IV and V linkage-groups. The SKA strain genetically re-
sembles its parents, but differs by beiog considerably more rc6istant.

9.29 WAy, M. J. (1966) The nature and causes of annual fluctuations itr
wmhc,rs of Aphis fabae Scop. on field beans (Vicia faba). Ann- appl-
Biol. 59, 175-\88.

Experiments for nine suc!€ssive yea$ showed.that Aphis fabae Scop. populations
on mid-March-sowtr field b€ans were either large with f,eak densiti€s between
late June and mid-July or very small with peak densities in early August. It is
concluded that the largest populations develop when mary plants have beeo
coloDis€d by primary migrants ftom Euonymus europaeus and tcmperature and
radiations are above average during June and early July, as in the year 1957,
Cold, dull weather slows multiplicatiotr and decrcases the size of the peak
population even when there is a large initial coloDisation, as in 1954. The peak
population may also be lqss than predicted from the ioitial colonisation when
natural enemies aro exceptionally abundant in early June, as in the year 1960.
Yield losses of mid-March-sown crops in years of latge A- fabae populations
ranged from 53il in 1954 (peak populatioo of 126O aphids per ptaot) to lOOi4
in 1957 (6920 aphids per plant).

Small summer populatioos with p€ak densities of about 0.2-85 aphids per
pla.Dt developed on mid-March-sown plots in years when f€wer thau about 6%
of thc plants were colooised by primary migratrts. Yield losses ranged from
6.3 to 13.6i1.

Three years' experiments indicated that crops sowD iD late Apdl or May are
retatively lightly infested in years when large populations devetop on mid-
March-sown crops. Cooversely, they may be relativety heavily infested when the
populatioos on these crops are small, as in 1955, when temp€ratures and sun-
shine during July and early August were above average.

Small and large early summer populatioDs tend to altemate in successive
years. The altemation is upset by hot, sunDy weather during July and August,
and perhaps September and October, which compresses the population cycle.
Thus the large and small populations exp€cted from this altcmation in 1956 and
392

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-1-120 pp 44

ABSTRACTS OF PAPERS

19@ developed instead during excrptionally fiDe weathcr in late summer 1955

and 1959, convertiog 1956 and 1960 to years of small and largp populations
respectiYely.

9.30 w^y, M. J. & BANKS, C. J. (1967) Intra-sp€cific mechanisms in relation
to the natural regulation of oumbers of Aphk labae Seop. Ann. appl.
Biol. 59, 189-205.

Parthenogetretic virginoparous apterae of Aphis labae Scop. on field beans
(Vicia faba) reprod\tced faster initially in populations of eight colonising apterae
than in those with 2-4 or lG32 per plant. The aphids were at fiIst mutually
b€nefted but were quickly affected by comp€tition as numbers rose above the
critical density repres€nted by about eight apterae and their fust progetry. This
is b€caus€ the aphids remained densely aggregated and seemingly created a local
shortage despite abundant food and space elsewhere on the plaot. Such s€lf-
induc€d competition provides the basis for self-regulation of numb€rs of,1'
labae in relatiot to: (l) food and spact provided by the growing plant, and (2)
mortalily from oatural etremies and from other caus€s includiDg insecticides.

As competition increased, the multiplication of A. fabae populatiotrs slowed,
newly formed adult apterae emigrated and increasing uumbers of alatae !!ere
formed. The mean weights of apterae decreas€d from about l'8-o 3 mg and of
alatae from 0 9 to 0'2 mg, Such decrease probably favouis production of many
adults that might otherwise fail to mature.

ExperimeDts in a glasshous€ and in field cages iDdicated the success with
whbh ao, A, fabae population adapts to and exploits a growing plant. Field-bcan
plants sown in mid-March and infested as in the field produced aE average of
15 c{Jo-17 ON A . fabae emigrants per plant, of which 78-84% were adults (mostly
alatae). This is equivalent to about 1600 million alate emigrants from 1 acre
(0.4 hectarc) of an infested ficld-bean crop.

EntoDology DepertEeft
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Washington. (In the pr€ss.)
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Regiorul Pesticide-Chcmical ApPlicarion School, Wichita Falls, Texas)
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10.7 Raw, F. 0967) Some aspects of the whearbulb fly problem (fhe 5th
Barnes Memorial I-ecture). Ann. appl. Biol. 59, 155-173.

10.8 (SrRrCKLAND, A. H.) & BARDNER, R. (1967) A review of current
methods applicable to measuring crop los.!€s due to ins€cts. .F.,,i.O.
Symposium on crop losses. Rome, 1967, 289-3@.

REsEARcH PApRs
10.9 BANxs, C. J. & MAcArrLAy, E. D. M. 0967) Efrets of Aphis labae

Scop. and ofits attendant ants and insect predators on yield offield beans
(ncia [aba L.). Ann. appl. Biol. @, 4/.5453.

Predators (mainly coccinellid adults and larvae and syrphid larvae), although
few, were importaot in deq€asing numtf'rrs of Aphis fabae on a small plot of
field beans during the early stages of inf6tatioD in a year favourable to aphid.
At the same lime ants (Iasius niger L,), attending aphids on other plaDts oo the
same plot, effectively prot€cted the aphids from predators for about 2 weeks,
enabling the atteDded aphids to multiply faster thaq the unattended. When all
aphid populatioDs started to decline prcdators became more numerous and
accelerated the decline on both s€ts of plants.

B€an plants without aphids yielded 56 s€eds per plaot; those with aphids but
free from ants gave 17; and thos€ with aot-attended aphids, eight seeds p€r
plant. The damage and loss of yield was caused by the large aphid populatioDs
that develop€d wheD the pods were maturing, and Dot by the fewer aphids
present when the plants were in flower. It appears that small temporary infes-
tatioDs during flowering might increase the yield of 6eld beans.

10.10 BARDNER, R. (1968) Wheat-BulbFly, Leptohylenyia coarctataFall. elrLd
its effect on the gro\ath aDd yield of wheat. Ann. appl. Biol. 61. (ln the

press.)

With an infestatioD of between 1.1 and 1.7 million eggs/acre, tlpical ofa moder-
ate attack, larvae had little effect on the yield of wheat sown in late Gober, as
the plants had two shoots each when 6rst attacked, and few plants were killed.
On plots so*! later, yield was lessened by up to 22y", as plants had ody a single
shoot when larvae 6lst entercd them, and many plants were killed.

The main effect of wheat-bulb fly was to make ear-b€ring shoots fewer.
Surviving plants partially compensated for the d€th of others by producing
more ear-bearing shoots with heavier ears and slightly heavier seeds thao plants
in an unattacked crop.

Damage was not evenly distributed tbrough the crop, and killed plants oftetr
occurred in patches several feet across. Competition between surviving plants
may have restricted the amount of compensatory glo*'th. Wheat on the attacked
plots ripeDed more slowly and unevenly than on the unattacked plots.

The number of shoots that survive attack depends partly on the weather,
which affects the growth ofthe plants atrd activity of the larvae. Forecasting the
effect ofao attack is diffcult, but because ofcompensatory growth the I lois of
yield will probably b€ less than thc % of plants inf€sted by newly hatched
larvae,

10.11 Cosre, C. L. & LEwrs, T. (1968) The relationship between the size of
yellow water traps alrd catch€s of aphids. Ent. exp. & appt. Aa the
press.)

The trapping efrciency per unit area of rectangular yellow water tiaps de-
creased the larger the trap. The relationship between numbers caught and the
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size of tmp is liuear when plotted on a square-root scale. Species are attracted
differently to traps of different size, so traps of a standard size, and preferably
circular, are recommended for comparing the aedal population at differeut places
and times.

10.12 EDWARDS, C. A. (1968) The effects of gamma irradiation on popula-
tioos of soil invertebmta,. Proc.2nd Synp. Radioecology. (Ittlte pr*s.'1

IDvertebrate animals living in soil or on moist plaster of Paris were irradiated
with gamma-rays from a cobalt source. Soil samples and cultures were ade-
quately repticated, and radiation doses ranged from 10 K.rads though 25, 50,
10O and 200 K.mds. The animals in culture included reprqs€ntative Oligo-
chaeta, "Myriapoda", Acarina, Collembota and Insecta. Susc€ptibility to
radiation differed greatly both betwe€n and within groups. Oribatid mites were
most resistaDt, surviying up to 50 days after exposure to 200 K.rads. Isopods,
which were most susceptible, were all dead 60 days after exposure to l0 K.rads.
Active animals were usually more sus@ptible thatr sluggish ones.

Mortality-time curves were not linear eveD on a probit scale, but were usually
distinguishabte into an initial steep part and a shallow subsequent one. Per-
centage mortalities were positively corelated with radiation dosages, but Dot in
a simple linear manner-

Populations of all main groups of soil invertebrates were estimated regularly
for 3 months after iradiation. Most sp€cies decreas€d in numbers, but a few
multiplied after a small dose of radiation, probably because predators wer€
kitled before their prey. Animals in cultures wero usually more susceptible to
irradiation than those in soil.

10.13 EDWARDS, C. A., Tnor,csoN, A. R. & (BEyNoN, K. I.) (1968) Some
effects of chlorfenvinphos, an organophosphorus insecticide, on popula-
tioos of soil animals. Revue Ecol. & Biol. Sol- (In the press.)

Studies were made on the effects on soil invertebrates of the organophosphorus
ios€cticide chlorfenvinphos ("Birlane", diethyl 1-(2',4'dichlorophenyl)-2-
chlorovinyl phosphate, previously known as compound SD 7859 and GC ,1072).

The ins€cticide, which increas€d the Dumb€rs of Collembola and sometimes
Oribatidae and deqeased the Dumbers of Mesostignata, controls Diptera well,
but numb€rs of Coleoptera (mostly wireworms, chafers and we.evils) were never
decreased by more thau leA. Aft"'d an initial kitl the numbers of dipterous
larvae increased in the soil as the amount of insecticide gradually diminished.
Chlorfenvinphos has little effect on Symphyla and Diplopoda.

From a fifth to a half of the earthworms in the field were killed, and more
surface-dwelling forms were killed than worms in deeper layers. Even after 21
weeks in soil tr€ted with 6 ppm of chlorfenvinphos, earthworms contained no
more than 0'02 ppm of the ins€cticide and its metabolites. Other groups of
invertebrates were not drastically afrected.

Effects of chlorfenvinphos on soil fauna seem uolikely to pqsist for more
than one year.

10.14 EDWARDS, C. A., TtrorDsoN, A. R. & Lorry, J. R. (1968) Changes in
soil iDvertebrate populations caused by some organophosphoius in-

ence 1967.

Results are given of the efrect of the organophosphorus insecticides parathion,
diazinon, phorate and disulfoton on soil invertebrates. Numbers of the admals
and the biomass were decreas€d less than by aldrin and dieldriu. Numbers of
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parasitic mit€s s,ere greatly lessened, but, as in r€sponse to treatment by DDT,
springtails, trombidiform and oribatid mites often increas€d, Effects on th€s€
groups often persisted longer than the rssidues of the insecticides. Only phorate
lesseoed numbers of earthworms significantly, All four lessened numbers of
pauropods. B€etles were affected only by parathion. No insecticide co[trolled
symphylids economically.

10.15 EDWARDS, C. A. & (BELFTEL.D, W.) 0967) A new genus and species of
Symphyla, Neosymphyla ghaaensis with commeots ot Symphyla seg-
mentatia- Reyue Ecol. & Biol- Sol.4, 517-521.

A new genus of Symphyla, Neosynphyla ghanezJrs, is d€scriM. It is distinctive
in having 14 scuta with posterior projections, whereas all other genera have 13.
It is very small aod dwells mainly in topsoil.

10.16 FRENCH, R. A. (1968) Migration Records 1965. Entornologist l0l.
(In the press.)

10.17 FRxNcH, R. A. (1968) Laphyera exigua lIiiblLef, (Irpidoptera: Noc-
tuidae) in the British Isles with particular reference to 1962. t- Anim.
Ecol. fln the press.)

The appearauce of Laphygna exigua tD. the B tish Isles, particularly in the
years 1947-66, cao be shown to be correlated with a wind system able to trans-
port the moths from a known source al]ea to the south into the British Isles.
The typical conditions for such a disp€rsal are discussed. The time of arrival
s€ems to depend on which of two major source areas produce eDough moths
coincident with a wind able to carry them to the British Isl€s.

10.18 Grr.cRD, B. M. (1967) Factors affecting earthworms in pastues. -r.
Anim- Ecol. X,231252.

This paper deals with the seasoDal effects of t€mperature and water oD the
depth aDd actiyity of six species of earthworms in pastuleJand, with the life
history of two of them and with the reactions of these species itr different water
regimes. The adults, juveniles atrd cocoons were identified using descriptions
given by Gerard (1964).

10.19 JoNEs, MARGARET G. 0967) Obseryations oo the two races of the
$oundnut aphid, ,4rris qaccivora Koch, Ent, ery,. & appl.10, 31-38.

Two clones of,4llrrr cracci,ora, onefrom Nigpria and ooe from Kenya, differed
in thcir ability to transmit the GRVWI strain of the groundnut rosette virus
(OKUSANYA, 1965). Comparison of body measurements of the two clones
showed them to be two distitrct but overlapping populations. The Nigeriaa clone
formed colonies ot Onobrychus viciifolia, Gomphrena globosa ar,d, young .tola
m4x lnote readily than the Kenya clone. The fecundity of single viyiparous
females of the two clones on groundnut and bean does not difer significautly.
Alatae produce half as many youDg as apterae.

10.20 JUDENKo, E. (1967) The loss of yield in a crop of sw@t col! (Zea
rzay.r L.) following the complete destruction of some plants at an early
stage by brown rats (R4rrzr norvegicus B€rk.). plN,t Sect. A. 13,
412414.

Yield was assessed as total greeo weight, total weight of all cobs, number of
marketable cobs aqd current value ofmarketablecobs. Compensatory activity of
the crop after attack by rats was assessed. Yield without rat attack tr?s esti-
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mated by muttiplying the expected meaD yield of undamaged plants by the total
number of plants (both damaged aod uDdamaged), and the losses w€r€ esti-
mat€d by subtracting the actual yield obtaiDed at harvest from this figurc.

10.21 LswIs, T. 0967) The horizontal aod vertical distribution of flying
insecrs near artificial windbreaks. Ann. appl. Biol.6O,23-jl.

Lath feoces 3 ft and 8 ft high affccted the horizontal distribution of flying
insects similarly; most itrs€cts accumulated at 2-3 times the height of each feoce
to leeward, where catches, measured at 14 and 38 itr, (0.4 tim€s the height of
the fence above the ground) were 3MC/" gle5le/. than in exposed positions.
BehiDd an 8-ft fence accumulations extended vertically to f2-16 ft (1.5-2.0
times the height of the fence). Venical profiles of weak-flying ins€cts, in wiods
>3 mph, difrered in sheltered and exposed positions; in shelter the boundary
layer was deeper and ins€cts were more abundant nearer the ground than else-
where. For strong flyers, and insects that flew only iD winds <2 mph, vertical
profiles in sheltered and exposed positions were indistinguishable.

10.22 R^w, F., Irrry, J. R. & PorrER, C. (1968) Studies in the chemical
control of wireworms (Agrioles spp.\- 3. Tho direct and residual
effects ofBHC, aldrin aDd dieldrio. Bull. ent. Res. (ID the press.)

Aldrin, dieldrin and BHC seed-dressiogs, aldriu spray and BHC dust combine-
drilled with the seed, were tested for dircct and residual effects on wireworms in
wilter and spriDg wheat.

h spring whcat BHC aDd dieklrin decreased numbers of wireworms and
increased yield. Aldrh seeddressing had Do direct or residual effect. In winter
wheat a dieldrin s€ed-dressing and BHC seed{ressing decrcased wireworm
populations as much as aldrin spray and BHC dust. The BHC s€ed{ressing also
inqeased crop yield.

10.23 RAw, F., JoNEs, M. G. & GREc,oRy, P. H. (1968) The food of female
whear-bulb fliss Qzptohylemyia cmrctata (Fall.)) Pl. Parh. 17,23-
25.

In sevqal areas of EDgland female wheat-bulb flies feed chiefly oD the conispores
of Septomyxa affnis (Sherb.), a hyphomycete growiDg on dead wheat leaves aod
de2,d Poa annua at or just above the soil surfac!. The spores may supply the
protein Deeded for the maturation of the eggs.

10.24 YouDEowEI, A. (1968) The behaviour of a cotton staircr Dysdercus
intennediuE Dist. (Lleteroptera, ryrrhocoridae) in a temp€rature gradieDt
and th€ effect oftemperature ou aggrcgatio\. Ent. exp- &appr. (In the
press.)

Problems relating to the distribution of insects io artificial temperature gradients
arc discussed and the meanings of lerms dehned, The distributioD of ios€cts io a
temperatur€ gmdient can bc express€d as the mcaD of the prefered raoge of
positions taken and as the standard deviation about this mean.

Exp€riments with Dysdercrs intermediut showed that, with l0 individuals in
the gradient apparatus, distributions were unimodal, but with more insects than
l0 distributions were bimodal with one peak in the "preferred temperature"
range and another at the cold end of the apparatus.

When there was no gradient of temperature aggregations formed at tem-
peratu€s below 30' C, but above 30' C ins€cts began to scatter aod at 43' C they
did oot aggregate.
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10.25 YorrDEowEr, A & CALAM, D. H. (1968) The morphologr of rhe so€ot
g)aods of Dysdercus intem@dius Dist. (Pwhocorid,ae) and a preliminary
aralysis of the scent gland s€cretions of the 6fth instar larvae. proc. R.
Enr. Soc. Iond. (In the press.)

All the larval stages of D. interrnediushaye tbree dorsal abdominal scent glands.
They are simple sacs op€ning directly to the exterior. The first and second glanrls
are small, colourless sacs, whereas the third is ora.nge coloured and is about
four times the size of each of the 6rst two glands.

Bee Departuent

RTSEARCH PAPB.S

l1.l B^rLEy, L. (1960 The effect of acid-hydrolysed sucrose on honeybees.
J- apicuh. Re$.5, ln-136.

Sucrose or starch hydrolysed with mineral or organic acids is toxic for honey-
bees, whereas sucrose hydrolysed with invertase is not. The besi-known products
of the action of acids on hexoses, s-hydroxymethylfuraldehyde (HMD, laeyu-
linic acid and formic acid were similarly toxic to bees when fed to them, but only
when more concentrated than in acid-hydrolysed sucrose. Neither the acids used
to hydrolyse the carbohydrates nor the salts formed by neutralising them werc
toxic, so unknown products of acid hydrolysis must cause most of the harm to
bees. Heated honey or old honey was Iess suitable for bees than fresh honey or
sucrose; their suitability was inversely correlated with the coDcetrtration in
them of HMn but this was too small to cause the hafm ob6erve.d. Evidently
substaoces that are more toxic than HMF must accumulate along with it in
heated honey; these may be similar to those itr acid-hy&olysed carbohydrates.
Bees fed acid-hydrolysed carbohydrates deyeloped "dysentery" before they died,
possibly becaus€ essential solutes and watcr were lost from the tissue into the
rectum, the contents of which were doubled, but only slightty diluted.

11.2 BArLEy, L. (1967) The effect of temperature oD the pathogenicity of the
fungus, Ascosphaera apb, for lal'tae of the hoEeyboe, Apis nBlliferu,
Proceeditgs of the internarional Colloquium on lnsect Pathology and
Microbial Control, Wageningen l, 162-167.

Honeybee larvae are most susceptible to infection by ingested spores of lsco,
sphaeru apis when they are H days old and are chilled briefly 2 days later,
immediately after they are sealed in their cells to pupate. Spores of,{. a?rj
germinate in vitro bt when nearly anaerobic, but the myc€lium is aerobic.
Spores germinate in iw ia the larval gut, which is alrnost aDaerobic. The
mycelium survives in 3-.{-day-old larvae better than in younger ones, probably
because of the shorter time it is deprived of oxygen. It iDvades tissues of chilled
larvae because chilling probably allows oxygen to reach aDd actiylte it: in virro
the fuogus grows fastcr at usual btood temperatur€s (30-35' C) than when
colder.

ll.3 BArLEy, L. (1967) The incideoce of Acarupis woodi in North American
strains of hooeybee in Btitain. J. apiculr. Res.6,99-103.

Acarapis woodi was det€ctable in a larger peroentage of colonies of "Americao',
be€s in Britain than of "British" b€€s in the same locality. Most iofestatioD
remained slight. Bdtish bees added to colonies of American bees became equally
infestedi so, individually, American bees are Do rnore susceptible to infestation
than British bees.
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ll.4 BAn-Ey, L. (1967) The incidence of virus diseases in the honeybee.
Aan. appl. Biol. 6O,4348.

Chronic b€€-paralysis yirus and sacbrood virus occur commonly in apparently
normal honeyb€€ colodes in Bdtain, Most sick adult b€es not affected by
Nosema apis, Malpighamoeba mellificae or Acarapis woodi bave cbronic paralysis,
and most dead larvae Bot affected by micro-organisms have sacbrood. Both virus
diseases are probably limited by hereditary factors, but unknown enviroDmeDtal
factors also seem to influeuc€ disease. Paralysed bees fiom Australia, CaDAda,
Eire, Germany. aod Mexico were found to b€ iofected with chronic paralysis
virus.

11.5 BurLER, C. G. (1967) A sex attractant acting as an aphrodisiac in the
honeybe (Apis mellif*a L.). Proc. R. ent. Soc. Lond. (A) 42,7l-:16.

Drones trained to visit aD area, by exposing 9-oxodecenoic acid therg clos€ly
examined fresbly killed que€ns, queens that had been extracted in ethanol,
wooden models of que€ns and worker bees, when these were suspended 8 m
above the grould; but only very exceptioualty did a drone mouot a queeu or
worker unless her sting chamber was open. Evidence was obtained that the
9-oxodeceooic acid contained in the mardibular glaod seqetion on a qu@n'a
body acts as an aphrodisiac and stimulates a drone to mount her wheD her sting
chamber is open.

11.6 BLTTLER, C. G. & SnrsoN, J. (1967) Pheromones of the queen honey-
be (Apis mcllifera L.) which enable her workers to follow her when
swarming. Proc. R. ent. Soc. Lond. (A) A, 149-154.

Flying bees from swarm clusters that had lost thet qu@ns wcre strongly at-
tracted by the odour of 9-oxodec€noic acid, a pheromone produced in a queen's
maodibular glands. However, they s€ldom clustered on cages containing this
acid, aod the be€s that did so remained yery restless. The odour of 9-hydroxy-
decenoic acid, which is also produced in a queen's mandibular glards, was also
slightly attractive to flying bees seeking a queen; when they found a cage con-
taining it they clustered quietly on it. The odour of a mixtue of g-oxodec€noic

acid and 9-hydroxydecenoic acid attracted the flying bees and caused them to
form large, quiet clusteN on cages containing it. These two pheromones togoth€r
were as attractive as the odours oflive queens and s€em responsible for €nabling
theL workers to find them when swarming.

11.7 FREE, J. B. (1960 The foraging areas of honeybees in an orchard of
standard apple trees - l. appl. Eco|.3,261168.

The number of honey and solitary b€es visiting five apple varieties in ar orchard
were correlated with the abundance of their flowers. The relative attractiveness
of oach yariety depended on the stage of flowering. Honeyb€es distinguished
betwe€n at least some of the varieties and, when the variety being visited re-
mained relatively attractive, tetrded to remain constant to it. When ttris variety
became relatively less attractive they tended to move to another. The foraging
areas of individual honeybees on attractive varieties remained quite small oyer
cons€cutive trips. The implications of these results ou the emcient ptaDting of
orchards for cross-pollination are discussed.

11.8 FPJE, J. B. (1960 The pollination ofthe lJ€ans Phaseolus multiflorus aD,d

Phaseolus wlgaris by holeybees. l. apicult. Res.5,87-91.
Runner-bean plaots, isolated from insects, produced fewer pods and seeds than
those visited by honeyb€es, but excluding bees made little differeuce to thc yield
of dwarf beans.
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ll.9 FRIE, J. B. (1967) Factors determining the collection of polleo by
honeybee foragers. Anim. Behav. 15, 13+144.

hdividual bees quickly changed from collecting nectar to collecting polleu, and
yic€ versa, according to their colony's needs. The proportion of foragers collect-
ing pollen and the amount collected increas€d with increase of brood. Bees of
colonies deprived of brood foraged less, and many former pollen-gathereE
changed to collecting nectar ody. Although btood in all stages stimulated
pollen collection, in some circumstances larvae were more effective than pupae.
The smell of the brood alone, and contact with be€s tending it, were each partly
responsible for foragers collecting pollen, but acaqss to the brood was even
more important. When acc€ss was detried foraging decreased and many pollen-
gatherers switched to nectar gathering. Abs€nce of a queen, irrespective of
whether brood was present, increased nectar collection aDd decreased pollen
collectioD, but did not aflect the number of foragers, Giving pollen to a colooy
decreas€d pollen collection and increased uectar collection, but giving sugar had
no influence on foraging.

11.10 FREE, J. B. (1967) The production ofdrone comb by honeybee colonies.
J. apicuh- Res.5, 177-182.

Drooe-cell productiotr reaches its annual p€ak in April and May. The amount
of drone comb produced depends on the amount already present. The presence
of ao adult or immature queeD stimulates worker-comb production. The ab-
sence ofa qu€en does trot stimulate drone-comb production, but the presenc€ of
developing queens does.

I l.l I FREE, J. B. & RAcEy, P. A. (1966) The pollination of Freeria refracta ia
glasshouses. t. apiculr. Rei. 5, 177-182.

Wheo foraging on large-flowered varieties of fteesia, pollen-gathering hotrey-
bees were much more valuable polliDators than nectar-gatherers, and their
numb€rs could be increased by feeding their coloni€s with sugar syrup. When
foragiog on small-flower€d varieties of freesia, bees collecting nectar alio polti-
nated the flowers. Nectar-gatherers and pollen-gatherers spent simitar amouots
of time p€r flower visit. Bees moved freely between fre€sia varieties ofdifferetrt
colours, and so readily cross-pollinated them, Foragers teDded to be more
Dumerous near thei-r colonies than elsewhere in the glasshouses.

11.12 FREE, J. B., NEEDHAM, P. H., RAcEy, p. A. & SrEvENso\ t.H. (196.t)
The effect on honeybee mortality of applyiDg iDsecticides as sprays or
granules to flowering field b€aDs. l. Sci. Fd Agric. i8, 133-138.

The effects on foraging bees of sptay formulations of demeton-methyl and
granular formations of disulfoton and phorate applied to field beaos in ffower
were compared. Sprays killed honeybees foraging on the beans, whereas granules
did Dot, either immediately after they were applied or later. After b€comhg
systemic in plants the insecticides seemed harnless to b€€s.

Strtistics Departmetrt

GSNERAL PAPER

@errv, T.) & BoyD, D. A. (1967) The plaoem€nt of fertiliseF for
potatoes. ,1Y.,4.,{.S. q. -Rey. No. '18,47-56.

12.1
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12.2 (BArEr, T. e, 4/.), CHrrRcH, B. M. & HrL6, M. G. (1967) Survey of
Fertitiser Practice, 1956. LoDdon: Ministry of Agriculturq Fish€ries
aod Food, ?9 pp.

This report presents the basic information obtained from surveys of fertilis€r
practice done in 31 districts during 1966. Estimates of average manuring are
giyen for titlagp, leys aud permanent grass, and for some iDdiYidual crops, for
difrerent farming-type regions and for England and Wales as a whole:

cwt/acre x lm
N PrOr KO

Tiuagp 58
Irys 53
Permanent grass 25

All crops and grass 44

4042
36 2r
23 13

2133

Chauges in fertiliser practic€ since 1962 are €stimated by comparison with
previous survey results. B€tween 1962 and 1966 nitrogeo consumption per acae

crops and grass increased by about a quarter, aDd changes in phosphate and
potash consumption were small. On temporary and permanent grass dtrogeD
consumption per acre increased by almost 50i4, and there were substantial
increases in all farming-type regions. ChaDgEs in tillage manu Dg were relatively
small, but there were substanlial increases in the use of N on cereals, par-
ticularly in arable-farming districts. There was a fairly general smau decreas€ i.n

K per acre on tillage crops, associated with the inqeased use of "high N" trpe
compounds.

Detailed results for the individual surveyed districts are giYen as an app€ndix
to the rcport.

12.3 CHURCH, B. M., BoyD, D. A., (EvaM, J. A. & SADLER, J. I.) 0968) A
type of farming map based on agricultural c€nsus data. outl. Agtic.
5, 191-196.

Th€ 6rst delailed map showing the types of farming in England and Wales was
published in 1941; this valuable map was necessarily and admittedly sub
jective, A Dew map (included with the paper) has now been prepared from farm
census data, a task which has become practicable by use of elcctrooic computeis.
Both the method of cotrstructing the map and the characteristics of the areas

disliEguished are objectively defined. The paper dnws attention to the advatr-
tagEs of agr€eing a sp€cincation so that a map ofthis kind car bo made p€riodi-
cally otr a consistent basis to illustrale regioDal changes in farming pattem.

12.4 (DELANY, M. J.) & HEAL& M. J. R. (1967) Variation itr the Irng-
tailed field-mouse (Apodemus sybaticus) itr south-west EoeIaDd. J.
Zool., Ind. 152, 319-332.

M€asurements of four skull and five extemal characters uere made on each of
277 sp€cimens of Apodemus sylvaticw (L.) from the two Isles of Scillv (Iresco
and Si. Mary's) on which it occurs and from six localities in maiDlaod Comwall.
The a8p of each indMdua! was assessed by Beans ofa tooth-wear character, and
a regrssio! adjustment was used to bring all the characters to a uniform agE

class.
A canonical analysis was made in an attempt to account for as much variation

as possible betwcen groups, usiDg a few linear combinations of the original
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measr[ements. The greater part of the variance was contained in thc frst two
canoDical variates.

12.5 @oucr,{s, J. W. B., Ross, J. M.) & S psoN, H. R. (l%7) Thc ability
and attainmat of short-sighted pupils. JrR. statist. Soc. A 130. (In
the pr€ss.)

Short-sighted children are relatively hard-working aod atteDtive at school.
Although thek non-yerbal test scores r€s€mble those of childreD with normal
vision, they score considerably better in attaiment tests. Thes€ fiadings are
related to the age of onset of short sight and home circumstances. It is sug-
gested that families \rith a history of short sight tend to acquire academic
interests and greatly value non-marual or professional employment.

12.6 GowR, J. C. (1967) A comparisoD of some methods ofcluster analysis.
B iome tr ics. 23, 62T637.

Each individual of a multivariate sample may be reprcseEted by a point in a
multi-dimensional Euclidean space. Cluster analysis attempts to group th€se
points into disjoint sets which it is hoped will correspond to marked features of
the sample. Different mcthods of cluster analysis of the same sample may
assume different geometrical distributions of the points or may employ differeDt
clustering criteria or may differ in both resp€cts. Thre€ sup€rficiatly diflerent
methods of cluster analysis are examined. The clustedng criteria of all these
methods, aDd several new ones derived from or suggested by thes€ methods, can
b€ interpreted in terms ofthe distances between the centroids of the clusters; the
geometrical poilt distribution is found in most instances. The methods are
compared, suggestious made for their improyement and some of their properties
are established.

12.7 GowR, J. C. (1968) A general coefficient of similarity and some of its
ptoperti*. Biomerrics. (In the press.)

A general coefficient of similarity between two units of a sample is de6ned.
Thc matdx of similarities between all pairs of sample units is positive semi-
defnite (except possibly when ther€ are missing values). This is ao important
property when the multi-dimensional representation of the sample is of interest ;
it also allows some inequaliti€s relating rhe similarities among tbree iDdividuals
to be written down.

A hierarchical structure of characters is sometimes recognised and the de6-
Dition is extended to cope with this.

12.E GowER, I. C. (1968) A survey ofnumerical methods useful in taxouomy.
Acarclogia. (In the press.)

The principles uoderlying some numerical methods useful in taxonomy are
described. The mathematical treatment is elemeDtary and is intended to give an
introduction to the subject that can be supplemented by further reading. Classi-
6cation, identificatioo aDd the construction of phylogenies are discussed, As a
6tst step towards improviog the methods, attention is drawn to some of their
deficienci€s. Only by understanding the principles cao taxonomists judge the
usefulness, or otherwise, of nuinerical methods.

12.9 JoNEs, F. G. W., PaRRoTr, D. M. & Ross, G. J. S. 0967) The popula-
tion genetics of the potato cyst-nematode, Ifeterodera rosrochiensisi
mathematical models to simulate the effects of growing eelworm-
resistaDt potatoes bred from Solanum tuberosum ssp. andigena, Ann.
appl. Biol. 60, l5l-171.
(For summary see No. 8.IO
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12.10 LEECH, F. 8., (M^cR E,W.D. & MENzEs, D. W.) (1968) Wastage and
husbandry of calves in Brirain. H.M.S.O. Report. (In rhe pEss.)

In a survey ofcalf-reariug made from October 1962 to S€ptember 1963 a stratified
sample of 1567 farms was taken and detailed iDformation on 40 000 calves bom
on these farms (or bought) during the surveyed period was obtained by officers
of the Animal Health Diyision of the M.A.F.F.

The report coven factors affecting mortality, both of homebred and bought
calves, and giv€s informatiotr on the maio features of calf husbandry, feediog and
housing and of the distribution of breeds iu Britain, together with a picrure of
the tramc in calves.

It is estimated that oo the average about TA of the effort put into rearhg
calvcs, wiether homebred or bought, was wasted by dealh of the calf during thi
period of the survey. Most herds had tro losses, and most deaths occurred before
calv€s were a month old. Only a very small perc€ntage of farms su.ffered serious
economic losses.

12.11 PA'r-rERsoN, H. D. (1967) Serial factorial daign. Biometrika. (ln tln
press.)

Serial factorial d€signs are designs for long-term exp€rimeots ttrith one or morc
basic treatments repeated as separate factors every year. The designs are cyclic,
with ess€ntially the same structure in any p€riod ofsuccessive years. For example,
three rates of a single basic treatment (e.g. nitrogeo fertiliser) cao be tested each
year in. a design with just one replicate of the 27 clmbinations for any tbrce
successlYe yeaxs.

Methods are dcscribed for generating suitable randomised block designs for
oue or morc basic treatmeDts from residue classes of a polynomial ring.

12.12 PREECE, D. A. (1967) Incomplete block designs with v : 2k. Sa*hya
29,305-3t6.

An incomplete block design is defned to b€ self-complementary if it is struc-
turally. the same as its complement. Examples are given of self-complementary
partially balanced incomplete block designs with two associate clisses. pro-
cedures for examining whether a design is self-complementary are outtined.
BalaDced incomplete block designs with half the treatments in each block and
with not more than 15 replications of each treatment are tabulated with an
indication of which are self-complementary and which are not; many of the
designs seem not to have been givetr previously.

12.13 PRxEcE, D. A. (1967) Cyclic geDeration of Robinson's balanced in-
complete block designs. Biometrics 23, 5j4-578.

Robinson (B,ornerrr?r Xl,, 368-373) gave a list of the parameters of balanced
itrcomplete block designs with no more than lm uoits and with the blocks
arranged io two orthogoDal goups of sets (rows and colurnns), each s€t in
either group coDsisting of one or more complete replications of the treatmeDE.
The present Dote gives a design for each of the possible sets of parameters, each
de,sign being cyclic with or without an invariant treatment. Four basic families
of balanced incomplete btock designs with double grouping of blocks into
replicatioos are described. Some designs with more thao IOO units are listed.

12.14 PREECE, D. A. 0967) Nested balanc€d incomplete block designs.
Biomerrika 54, 479486.

A Dested talarced ircomplete block design is defined as a design with two
systems of blocks, thc secoDd nested within the first (each block fiom thc first
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system cootaining ,n blocks from the second), such that ignoring eithcr system
leaves a balanccd incomplete block design \f,hosc btocks are those of the other
system, A list is given of such designs having each trearment (or variety) repli-
cated not more than fifteen times. The aDalysis is given for thc general nested
balanced itrcomplete block design; this analysis is an extension of that developed
by Yat€s (l9,lo) for the recovery of inter-block ioformation in balanced incom-
plete block desigos. A design bas€d on a nested balanced incomplete block desigl
was devised by Kleczkowski (1960) for taboratory studies oD lesions produced by
inoculating bean plants with tobacco necrosis virus.

12.15 (WEBBER, J.), Bovo, D. A. & HILL, J. R. (1968) Experiments on the
P aod K requirements of barley, Exptl. Husb, (In the press.)

S€venty-seven experiments testing P and K fertilis€rs on spring barley were doDe
by N.A.A.S. Soil Scientists in England and Wales in 196,{-66. The sites were
restricted to particular soil seri€s and were mainly on heavy-textured soils;
almost all were fields in their second, third or founh cereal crop. On average, 60
units Pros/acre gave an inqease of 0 9 cM/acre, and 60 units Kp/acre gave a
decrease of 0'2 cM/acre. Almost all the variation in respons€ from site to site
was attributable to experimeotal error, but some .uos€ from small diflerences
itr response between years, and, for P, betweeD soils and regious. Because
respons€ was so uniform, soil analysis was of no value. Similar results-small
respons€s and little variation io respoose between sites-were found in other
s€ries of experiments oo spriug barley done in the past decade.

12.16 YATFS, F. (1967) Discussion of reports on cloud seedilg experiments.
Proceedings of the Fiflh Berkeley Symposium on Malhematical Statistics
ard Probability 5, 391397.

This pape! cootaiDs comments on the reports of cloud seeding experiments
which were preseDted to the Fifth Berkeley Symposium on Malhematical
Statistics and Probability. Suggestions are made on methods of estimation for
this type of data and on the deterrnination of standard erro6 ard t€sts of sig-
nifcance.

Field Experiments Section

Rrselr.crr Plptn
13.1 GaRNER, H. V. (1967) Results of fertitiser experiments oD carrots in

l94l arld l9A. J. agtic. Sci., Carnb. 69,2@-215.

In l94l a co-orditrated scheme of field experiments on the fertiliser responses of
carrots was drawn up by a committe€ of the Agricultural Research Council.
The experimeDtal desig! and 6cld plans were provided from Rothamsted, atrd the
6eld work was organised by the Advisory Soil Chemists of the Ministry of
Agriculture. This paper is based on a report to the Ag cultural Research Council
by E. M. Cro\ ther in 1943. In 1941 there were six centres testiDg N, P and K
each at single and double rates; in 1942 the above nutrients were tested at one
rate ooly, but agricultual salt was included in the factorial scheme. Most oftbe
experiments were on saody soils and light loams. In l94l ammonium sulphate
diminished yield at two centr€s and had negligible effects at the others; super-
phosphate iocreas€d yields slightly at most centres, and muriate of potash gave

large increases at two. N tended to diminish plaDt numbers and K to increase
them. The siogle dressing of fertilis€r (0'2 c1r4 N, 0'4 cwt PrO6, 0'5 cwt Kp/acre)
was usually enou8h. Io 1942 ammonium sulphate (0'3 cwt N/are) had negligible
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efrects oo yield but was not harmful, and sup€rphosphate (0.6 c\it PrOs/acre)
inoeas€d the yield of roots by alnost l ton/acre. Muriate of potash (0 9 cwt
KrO/acre) and agricultural salt (3'0 cwt/acre) ]vere more effective, for each gave
an average increase of about 1 toD of sound carrots per acre- There was a pro-
nounced and consistent negative interaction betwe€n potash and salt. Nitrogen
decreased and potassium increased the number of sound carlots. Nitrogen,
potassium and salt usually iDcreased the yield and number of split carrots, but
ooly salt iocleased the proportion of splits in the total caop. Agricultural salt at
3 cwt/acre was only slightly less effective than 1+ cwt of muriate of potash.

lVoburn Experimental Station

l5.l THoRoLD, C. A. (196?) Black-pod disease of Theobromq cacao. Rev-
appl. Mycol. 46, 221237.

This review mainly considers diseas€s caused diu:er+Jy by Phytophthora palmivora
and secondarily indicates information available on some other disorders with
which this fuDgus is associated.

Broom's Barn Experimental Strtion

BooK

16.1 JoNEs, F. G. W. & DUNNING, R. A. (1968) Sugar beet pests. &rrl.
Minist. Agtic. Fith Fd. Load. No. 162 (revised), London: H.M.S.O.

GENERAL PAPERS

16.2 DuNNrNc, R. A. (1967) Wide secd spacing demands good p€st control.
Fmg Wld l|"larct..

16.3 DuNrr.IING, R. A. & CooKE, D. A. (1967) Docking disorder. ,r. ,st€.
Beet Rev. 36,23-29.

16.4 DRAycorr, A. P., (HoDcso\ D. R. & HoulDAy, R.) (1967) Fertilisers
in solution. Agric. Ptog.42, 6H1.

16.5 Hwr. R. (1967) Notes on plant pathology in th€ United States of
A'JIleIicz. I.I.R.B. 2. 135-139.

16.6 Scor, R. K. 0968) Sugar-beet seed production. Agric. Prog. $d'
the press.)

RESEARCH PAPBS

16.7 ByroRD, W. J. (1967) The effect of some cultivation factoB on
incidence of downy mildew in sugar-b€et root crops. Pl. Path.
160-161.

The incidence of downy mitdew in sugar-be€t root crops was increased by large
dressings of nitogen, by deqeases in plant population and by late sowing.

16.8 ByroRD, W. J. (1967) Field exp€riments on sugar-b€et downy mildew
(Peronospora far usa). Ann. appl Biol.6o,91--1o7.

The numbers of sugar-beet plants iDfected with downy milden, iD experimental
crops iocreased slowly over a period of 8-15 weeks from late May. Few new
iufections appeared after the middle of August, although less than half the plaots

l()5
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were thetr infected. Most infected plants recoveredr aDd recovery was most
rapid and complete in young plants, i[espective of the ]veather. Plants infected
when young produc.ed small roots, but their sugfi content and juice pudty at
harvest \rere similar to those of uniofected plants. Plants first infected in late
July and early August had the smallest sugar content and most juice impurities,

16.9 B).rorD, W. J. (1967) Host sp€cialisation of Peronospora fafinosa ot
Beta, Spirracia aad, Chenopodium. Traw. Br. ttrycol. Soc- 5O, @3-&7.

The downy mildew fungi iDfecting Eera spp., Spiaacia oleracea aDd, Chenopodium
album, arc restricted in their host ranges, aod the erection of tlree formae
speciales withio Peronospora farinosa (Fr.) Fr. is proposed.

16.10 ByFoRD, W. J, & HULL, R. (1967) Some observations ou the economic
importance of sugar-beet downy mildew in England. Ann. appl, Biol.
@,281J96.

Sugar-beet downy mildew is most prevalent in England in the sucfi-beet and
mangold seed-growiDg area of South Lincoloshire and West Norfolk. The most
widespread and severe rec€nt outbreaks were in 1957, and in 1965, when 6412
rlcres were reported with more than loi( infected plants. The fungus usually
overwinters in sugar-beet and maogold se€d crops, and in England other ways of
overwiotering are seldom important. Steckling beds are infected in the autumn,
and the disease may increase rapidly iu the seed crop in early spring. Summer-
so\4r0 stecllings get more downy mildow than stecklings sown in spring under a
cereal cover crop, and dircct-drilled seed crops get morc downy mildew than
traDsplanted crops.

16.11 DRAycorr, A. P. (1968) Field comparisons between compound and
straight fertilisers for sugar beet. Expl Husb. No. 17. (In the press.)

Thirty-three experimeots were made between 1961 and 1966 to compare mix-
tures of straight fertilisers with compounds supplying the same amouqts of N
P and K. The experiments were on commetcial farms in the major beet-
gowing areas of England and Scotlaod, In the early experiments straight fer-
tilis€rs were slightly bettet than compound (in particular, the sugar content of the
beet was larger). Iater experiments failed to coofirm this, and yields of beet and
of sugar from straight aod from compound fertilisers did not differ significantly.
Analysis of roots grown with straight aDd with compound fenilisers showed Do
signiflcant difference in root-juice pudty. The results suggest that it is satisfactory
to base recommendatioos for using certain compound fertiliseN on the results
of experiments testing oDly straight fertilis€rs.

16.12 HEATECCTTE, G. D. (1967) The overwintering of aphids and viruses on
sugar-b€€t seed crops in England, 1963-1966. Pl. Path. 16,126-130.

Samples from approximately one-thild of all English sugar-beet s€ed crops were
checked for iDfesting aphids in late May, June or early July from 1963 to 1966.
Sixty+ieht per cent of all samptes cootained no aphids, 25% were iDfestec
though lightly, with Aphis fabae atrdllwith MyzB persicae, the main vector of
beet viruses. M. persicae ovenvtntered in appreciable numbers ooly in Kent iD
1966; these infested crops were sprayed with ins€cticide once the aphids were
discovered.

Sugar-beet seed crops in Britain are widely scattered and oDly about 3m0
acrEs are gro\nn. Producen of beet se€d take adequate precautions to prevent
virus disease from spreading, but should be encouraged to grow these crops away
from sugar-beet root oops.
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16.13 HoopER, D. J. & CooKE, D. A. (1967) Some observations on Alomrctus
xenutus AJlen 1940. Nernatologica 13, 320-321.

Anomyct$ xenunus is reported for the fust time in England. It was found in
sandy soil previously qopped with sugar beet. The Etrglish specimens agree with
the original description except that they fie longer, the aqterior part of the spear
is curved and the oral opening has a hexaradiate appearauc€ in facc view.

16.14 HULL, R. (1968) The spray waming scheme for control of sugar-boet
yellows in England. Summary of results betweeu 1959-66. Pl- Path.17,
1-r0.

Sugar-beet gowers in England have b€en advised since 1959 to spmy thet crops
with systemic insecticide to check the spread of yellows viruses wheo iofestation
with the vector aphids (mainly Myzus p*sicae Sulz.) in May and June reaches
0'25 aphids/plant. The data collected up to 1966 show that aphid iofestation at
any one time is Dot proportionally related to eYentual yellows incidence' The
graphs of meatr aphid infestation and yellows incidence in different areas
preseoted are a guide to issuing spray warnings.

16.15 HrrLL, R. & HEATHCoTE, G. D. (1967) Expe ments on the time of
application of insecticide to decrease the spread of yellowing viruses of
sugar beet, 1954-1966. Ann. appl. Biol. @,469478.

sprays of demeton-methyl decr€ased the spread of yellowing viruses by aphitls
in sugar-beet crops in England. Between 1957 and 1960, when "yellows" was
prevalent, the incidence, ass€ss€d as "iufected-plant-weeks", was decreased by
3G4ll by one spray, and by 55% by two sprays, giviug avcrage yield increases
of l+ and 2 ton/acr€ of roots resp€ctively. Between 1962 atrd 1966, when yellows
spread less, a spray at the time when growers were advised to spmy by the
British Sugar Corporation decreased yellows incidence by 37%, whereas sprays 2
weeks earlier or later decreased it by 24 and 25% resp€ctively.

Between 1958 and 1966 an annual average of 160 000 of the countrv's 44o 00o
acres of sugar beet has b€€n sprayed, oftea to confiol Aphis farae as well as to
check the spread of yellows, A spray giv€s a profitable yield increase when
yellows incidence in unsprayed plots is 20% at the eDd of August.

16.16 HULL, R. & Wrrn, D. J. (1967) The effect of subsoiling and different
leyels of manuring on yields of cereals, luceme and sugar b€€t. J. agrr'c.

Sci., Camb. 69, 183-187.

The effect of subsoiling an old arable clayJoam soil at Broom's Barn Exp€ri-
mental Station was tested with a sequence of wheat, barley and sugar-b€et qops,
a luceme tey and a sugar-beet test crop in the fourth year. Subsoiling increased

the yield of each crop each year, avelages over 3 ycars were : wheat, 0 6 c\rt/ac.e
of grain: barley, 0'4 cv't/acre; luceme, 0'6 cwt/acle of dry matter. AY€.age
itrcreases of sugar beet over 4 years were 0'7 tons/aqe of roots or 2'1 cM/acre
of sugar; the increase was geatest (2'9 cwt/acre of sugar) in the fust year.

The yield respons€s of all crops to extra fertiliser were no greater with than
without subsoiling; in contrast, previous cropping and fertiliser usage influenced
the optimum dressiog of N for ttre sugar-b€et test crop.
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Soil SurveY of England anrl Wales

BooKs

l7.l HALL, B. R. & FoLLAND, C. J. 0967) Soits ofthe South-west Lancashfue
Crastal Plain, Harpenden : Rothamsted Exp€rimental Station, vii, I I 8 pp.

17.2 [IoDcsoN, l. M. (196'1) Soils of the West Sussex Coastal Plain. Har-
pendeo: Rothamsted Experimental Station, viii, 148 pp.

THESrs

17.3 TtroMAsso\ A. J. 0967) The water regimes and morphology of some
fine-texturcd soils. M.Sc. Thesis, Univenity of Nottingh2nr.

GENRAI, PAPERS

17.4 Asrtr Ey, G. D. & (HowaRD, P. J. A.) (1967) Field meeting iD the K€nt
estuaryand its t butary valleys. Proc. North of England Soils Discussion
Group No. 3, 11-24.

17.5 CLARI, K. E. (1967) The Soil Survey. Agriculrure, Iand.74,221229.

17.6 CRA,IproN, C. B. (1964 Soil development oE tips in South Wales.
Sylva, No. 47 , 12-14.

17.7 (LANG, D. M.) & CoRBErr, W. M. (1960 Physical environment. In:
Uboma-a socio-economic atrd nutritional survey of a rural coDrmunity
il eastem Nigeria.

17.8 MATrHEws, B. (196Q Radiocarbon dated postglacial land uplift in
Northern Ungava, Canada. Nqtwe, Lond. 211, 1l@-1166.

17.9 PRICHARD, D. T. (1967) An a[-plastic s€ction frarlel. Analyst.,Iond.
92, 199-2m.

RTSEARCE PApERs

17.10 (AsKrw, G. P.) & As[rr, c. D. (1967) Characteristics of the soils of
alluvial regions. Proc. North of England Soils Discussion Groz2, No. 3,
32-39.

An account of the formatioD, profile developmcnt aDd classification of alluvial
soils with a s€ction oo problems of reclamation and utilisation.

17.11 A\TRY, B. W. 0965) Soil classification in BritaiD. Pedologie, Gaad.,
Intemotioral Syrnposr'zm No. 3, 75-9O.

Morpho-geoetic systems of soil classification devetoped io Britain originated io
attempts to group soil series that had been distinguished in soil suweys of areas
iq different parts of the coutrtry, The systems proposed resemble that of Aubert
& Duchaufour. Soils in calcimorphic, brown earth, podzol and gley major
groups, and their relationships with categories established elsewhere, are
discussed.

17.12 CRA.r,proN, C. B. & (JoNEs, R. c.) (1967) The alritudiml zoning of
grassland and soils on the Brecon Beacons in South Wales. J. Br.
Grassld Soc. 2:2, 46-52.

The altitudinal se{uence of soils occurs lower oq the north than oD the south
face of the Brecon Beacons, wher€ the highest slop€s of the north face are
408
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occupied by shallow, strongry leached rankers. Except on lower slopqs, Zdcci'
niu;, Catluta aad Nardus dominate the flora on each soil type. Unlike their
distribution elsewhere, Mytidiqdelphus all.d Hypnum are here associated with
gleyed soils. It is suggEsted that exposure and inacc.essibility have limited hill
grrazing. fhe vegetation oo the Peaty gleyed soils is associated els€where with
drier soils, formerty extensive on the Beacons, and pres€rved despite a changing
edaphic environment. Some potentially Dutritious pastures on the north face are

too expos€d to be grazed by sheep duirg wioter, but Yaccinium pastures oo
lower slopcs supply us€ful winter protein.

U,13 CRAr,src& C. B. & (Weaur, D. P.) (1960 Soils and wireworm
associatioos in Glamorgan. Rep. lyelsh Soils Discussion Grcup No. '1,

4G53.
Wireworm infestatioD \f,as surveyed during 193H2 aod correlated with a soil
survey in Glamorgau. The most scvere infestation is oD fine'te)(tue4 but freely

draioed, soils over Irwer Lias rocks occupying the coastal strip of th€ vale'
Less-severe idestation is associated with poorly drahed and coarsetexturcd
soils.

1?.14 II^u- B. R (1967) The soil associations of Fumcss. Proc. North of
Eaglad Soils Discussiort Groap No. 3, !10.

The physiography, soils and vcgetation of thc fivc associations of Fum€ss are

dcscribed together with a short note on the Morecambe Bay Estuaries.

17.15 HoDosoN, J. M., CATr, J. A. & wErR, A. H. 0967) The origins and
development of clay-with-flints and associated soil horizoDs on thc
South Downs. J. .tol', sci. 18, 85-102.

17.16 PurcH RD, D. T. (1967) Sp€ctrophotometric determination of alu-
minium o[ soil extracts with xylenol orange. Anqlyst, Lond. 92' 103-
106.

A sp€ctrophotometric method for determining aluminium in soil extracts with
xylenol orange at pH 3'E is describ€d. Various extraction reagents can bc us€d'

Gt"rf".eoce of i.oo (m) aDd iron (fI) is eliminated with EDTA. Rectilioear
calibmtion covers a ranga of G{O pg of aluminium. Typical rcsults are shoun
for an fuon-humus podzol. Recovery of added alumbium, aDd interference by
anioDs aad catioDs relevant to soil analysis, ate described. The method is much

more reliable thaD "Lake" methods.

17.17 RuDEronrH, C. C. (1960 Identifrcation and distribution of soils iD

west central Wales. J, agric. Soc. Unit. Coll. Wales, Aberyst' 47,1O-t8'

Six soil associations are described and their relationships illustrated. A key for
soil identification is provided, aud the proportions of s€ries within each unit is

given.

17.18 RuDEroRrH, C. C. (f967) UplaDd soils from Lowcr Palaeozoic scdi-

m€otary rocks in mid-Wales. Rep. Welsh Soils Dkcussioz Groa? No' 8,

42-5t.

Properties of soils in thc uplands of mid-lYales are discuss€d, with factors

aff&ing their formatioo. Comparison with some lowland soils is madc to
€stablish the extcDt to which soil properties rcoect uplaDd iDiuerce.
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17. 19 THoMAsso\ A J. & RoBsoN, J. D. (196, Thc moisture regime of soits
deyeloped on Keuper Marl. J. Soril Sci. 18, 32934o.

The moisture regime of several representative profles of the Worcester series
developed oo Keuper Mfil are described aDd interprcted using a simple field
technique supplemented by determinations of pore-space, moisture-content and
moisture-release characteristics,

MAPS

17.20 H]J-L, B. R. 0967) Soil Map, 3rd Edition Sheet 74 (Southport)
I :63 360. Southampton: Ordnance Survey.

17.21 HALL, B. R. (1967) Soil Map, 3rd Edirion Sheet 83 (Formby) I : 63 360.
Southampton: Ordnance Survey.

17.22 HoDGsoN, J. M. (1967) Soil Map, I : 25 000 Sheet SU 90 (Bognor
Regis. Southampton: Ordnance Survey.

17.23 HoDcsoN, J- M. 0967) Soil Map, I : 25 000 Sheet SU Z0 & SU 80
(Chichester). Southampton: Ordnaoce Survey.

17.24 tloDcso\ J. M. (1967) Soil Map, I : 25 000 Sheet SZ 79 & SZ 89
(Selsey Bill). Southampton: Ordnaoce Survey.

17.25 HoDcsoN, J. M. & KrNG, D. W. (1967) Soil Map, 1:25000SheetTe
m and TQ 10 (Worthing). Southampton: OrdDancr Survey.

410

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

