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ABSTRACTS OF PAPERS

Physics Departuent

Tlrrsrs

1.1 RosE, D. A. (1962). The physics of water movement in porous materials.
Ph.D, Thesis, University of Irndon.

GENERAL PAPERS

PENMAN, H. L. (1963). Veg€tation and hydrolory. Tech. Commun. Dur.
Soil Sci.. Harpenden, No. 53, 124 pp.

PENMAN, H. L. (1963). Supplementary irrigation. For United Nations
Conference, Geneva.

1.2

1.3

RTSEARCH pApERs

1.4 CASHEN, G. H. (1963). Electric charges and thixotropy ol clays. Naturc,
Lond. lfi, 349-350.

In the time required to remove electrolyte from an acid washed clay the clay
becomes an aluminium clay with the p€rmanent charge balanccd by-Al!+ ions
in a Stern layer. When five-sixths of this charge is neutralised by alkili there are
changes in the behaviour of the clay, some subtle, some gross. The hlpothesis is
advanced that at this stage the Al3+ ions have come together to produce complex
ions of the type [AL(OH)H]S+ and that these, under theA mutual repulsions,
settle near the surface as far apart as possible, i,e., the clay particles are fositively
charged near the periphery by an excess of complex i,oDs in the Stim layei.
The concept explaios the new evidence that inspired it, explains some pu.zles
in the rheology of clays, and provides aD altemative exphn;tion of others,

1.5 MoNrErrH, J. L. (1962). Attenuation of solar radiation: a climatological
stady. Quqrt. J. R, meL Soc. g8, SOg-521.

Daily totals of direct and diffuse radiation transmitted by a cloudless atmosphere
are calculated from the absorption and scattering coefficients given by Houghton
(1954). Estimates of total (direct plus difruse) radiation (I,) agrei wetf with
extreme maxima recorded at several British stations, but during spells ofcloud-
less summer weather in south-east England attenuation by a-erosol decreases
total radiation on average by lofl, arld, increases the ratio of diffuse to total
radiation by about 8% of \, The ratio of mean monthly radiation at country
stations f, to estimated_I, can be expressed as a function tfcloud reflection (pj,
cloud absorytion (C) and surface reflection (x) ; and the values D : O. SO. d : O: I 6
are consistent with surface and aerial meitsurements. With x : O.2O, T2lTr is
approximately (1-0.61 c) (0.6 < c < 0.9), where c is fractional cloudiness. The
diffus€ component beneath cloud can be estimated separately. Absorption by
man-made aerosol r€aches nzljmz of 26%, at Kew aod fof at Kinisway in
January, and.variesseasoDally with measured smoke. In the iountry ab,-soDiion
by pollution is negligible in summer, but may reach 5-lO% in winier. At Kew
absorption by cloud aod total back-scattering (local planetary albcdo) are about
9 alid 4lil of extra-terrestrial flux respeclively, with little seasonal variation,
260
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I .6 MoNrErIIr, I . L. (1962). Measurement and interpretation of carbon
dioxide fluxes in the fra,ld. Neth. J. agric. Sci. 10,33+346.

The dry-matter production of field crops can be estimated from thet net uptake
of carbon dioxide, and vertical profiles of CO, cooceotration show that crop
plants normally assimilate CO, both from the atmosphere and from the soil. The
atmospheric component can be estimated from the CO, concentration at two
heights and the wind spe€d at three heights above the crop; aod the soil com-
ponent by direct absorption in soda [ime. Measurements over grass and beans at
Rothamsted gave a soil CO, production of about 0'03 mg cm-r hr-l and maxi-
mum gross rates of photosynthesis about 0'2 mg CO! cm-'hr-r, In terms of
total solar radiation (0 3-2 F), the emciency of photosynthesis varied from
about lra in bright sunshine to 2ra or more with cloud, agreeing well with
measurements by Gaastra on selected plants in the laboratory. An attempt to
establish the complete CO, baLance for beans emphasised the importarce of
respiratory flux in determining dry-matter production. Conventioually assumed
respiration rates arc inadequate and field measurements are urgently needed.

1.7 MoNrErrH, J. L. (1963). Gas exchange iu plant communiti*. I;t; Etviron-
me al Control of Plan Grot rlr. New York: Academic Press.

Giyen the concentration of water vapour and CO, io the free atmosphere, the
transpiration and assimilation rates of a plant c4mmuoity can be estimated from
the diffusive resistances of the system. Water-vapour transfer is goyerned by
the aerodynamic resistance of the plant canopy (dependiog on wind speed,
surface roughness and atmospheric stability) and by the resistance of leaves
(depending on stomatal size and population). The CO, circuit is complicated by
respiration and by additional resistances in the mesophyll and chloroplast. In
two examples, resistances for a field of beans are calculated from measured
fluxes and gradients. Stomatal resistance is several times greater than the aero.
dynamic resistance, but is less than the light-dependeat chloroplast resistance
whea soil moisture is adequate throughout the day. Both the stomatal and
chloroplast resistaoces itrcrease with deareasing soil moistue,

1.8 MoNrErrH, !. L. & Szercz, G. (1962). Radiative temperature iD the heat
balance of tratural sufiaces. Aua - ,1. R. met. Soc.88, 49G507.

A LiDle-Feussner radiometer was used to measure the radiative temperature
of natural surfaces, with small e[ors caused by the divergence of radiative flux
and by its angular variation. On typical cloudless summer days the maximum
temp€rature of tall crops and of open water was close to maximum air tempera'
ture; a bare soil surface exceeded air temperature by 20'; short grass was the
coldest surface at night. A linear variation of net (total) Bdiation with net short-
wave radiation was established for several tall crops, and the increase in long-
wave loss per unit inqease of net radiation (heating coemcient) was 0'08' Daily
totals of net radiation as a percentage of solar radiation income were: 37)d
(bare soil), 417( (shon $a*t), 46y( (taU crop) and 53% (water).

when the aerodlaamic character of a crop is known the effective resistance
of the stomata to water-vapour diffusion can be related theoretically to the
differenc€ between surface and air temperature. For rough vegetation, estimated
stomatal resistance is 0 4-O'8 sec cm-1 and the estimated heating coefficient is

almost independent of wind speed at about 0'1.

1.9 PENMA\ H. L, 0962). Weather and ctops. Quqrt. J. R. met. Soc.$,
209-219.

Crop-weather interactions occur in maoy forms, the most fuodameotal present-

irg the greatest challenge: 6eld crops rarely "fix" more than 1l of solar radia-
26t
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tion, and reasoning suggests that 8 or l0% might be attained. When water supply
is eliminated as a variable (by irrigation) growth rates of some crops are pro.
portional to potential transpiration rates, The effeat of rain as a weattret element
is best considered in terms of the soil-moisture deficit exp€rienced by the crop:
for the same crops there are limiting values of the deficit below which gror+th
suffers very little check, and above which growth is efectively zero. Grass,
potatoes, beans and sugar beet fit into this pattern; cereals do not,

The meteorology of CO! transfers between air and crop and ground shows
promise in meeting the fundamental challenge.

Chemistry Departmetrt

TrfisEs

2.1 GAssER, ,. K. R. 0962). Inyestigations on the use of urea as a fertiliser.
Ph.D. Thesis, University of London.

2.2 SALMoN, R. C. (1962). Magnesium relationships in some British soils.
Ph.D. Thesis, Uoiversity of London.

2.3 VADYANATHAN, L. V. (1961). A study of the inorganic soil phosphate by
the use of mixed cation-anion exchange resin systems and its relation to the
isotopically exchangeable phosphate in the soil. ph.D. Thesis, University
of London.

GENERAL PAPBS

2.4 ARNoLD, P. W. (l 962)- Soil potassium and its avaitability to plarlts. Outlook
on Agiculturc 3,263.

2.5 CooKE, G. W. (1961). Plac€ment and timing of fertiliser applications.
Fertil. Feed- Sr. ./. 55, 570-578.

2.6 CooKE, G. W. (l 962). Saving by soil testing . Farming Express I February.

2.7 CrJorr, G. W. (1962). Fruits of research in fertiliser use. Span S,8g-91.

2.8 CooKE, G. W. (1962). NitrogeD, the key to grass production. Dairy Fnr
9 (3), 5r-53.

2.9 CooKr, G. W. (l 962). Timing and placement of fertilisers . World Crops 14,
108-112.

2.10 Cooxr, c. W. 0962). Liquid fertilisers. l. Inst. Com Merch. tO (4),
t9-21-

2.11 Cooxr, G. W. (1962). Chemicat aspects of soit fertility. Soils & Fert. ?5,
417-420.

2-12 CooKE, G- W. (1962). Soils and fertilisers. J. .R. asfic. Soc- 123, 134-156.

2.13 CooKE, c. W. 0962). Assessing the capabilities of soils for producing
crops. Intemational Soil Congless, New Ztaland. Transactions of Comm.
IY and Comm. Y., C 17.

2.14 MATrINGLY, G. E. G. (1961). Some re.eot developments in soil chemistry
in relatioo to crop growth, Agric. yet. Cherflic.2,223-225.

2.15 MATnNcLr,, c. E. c. (1961). Crops . Rep. prcgr. appl. Chem.6,395-402.
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2.16 NowAKowsKt,'1. Z. (1962)- The availability of Ditrogpn in organic
manures, investigations done in Great Britain during I 945-56 . Prcceedings
of Symposium oa Orgaaic Manures, Szczecin, Poland,Gl l October, 1959.

2.17 WrDDowsoN, F. V. (1962). Applying fertilisers for spring badey. Ann.
appl. Biol.50, 35G3@.

RrsEAxcH PAPERS

2.18 ARNoLD, P. w. (1962). The potassium status of some English soils
coosidered as a problem ofenergy relationships- Ptoc. Fertil. Soc.No.72,
2543.

Sixty-four soits from 50 sites in England were cropped with perennial ryegrass in
the greenhouse for 36 days. Soits which supplied small and large amounts of
potassium to the grass were well separated on the basis of their exchangeable K
contents, but the coefficient (r) of correlation betwe€n uptake and exchangeable
K for 36 of the soils, which contained 10-20 mg exchangeable K/100 g soil, was
only 0.35. The K status of the soils was further deflned by the differenc€ in free
enerSy (GdJ betwe€n pota$sium atrd divalent catioos. There was a neat-
liaear relationship between potassium uptakes by the grass and values for
Gc.r for 54 of the 64 soils. The paramet€r 6caE was, however, inadequate for
defining the K-supplying power of all the soils examined.

2.19 BARRow, N. J. & JENXTNSoN, D. S. (1962). The effect of water-logging on
fixation of nitrogen by soil incubated with straw . Plant & Soil 16, 25V262.

When straw was incubated with a calcareous soil under water-logged conditions
niuogen fixation occurred if the g,as above the incubation contaiued oxygen: no
deteatable fixation occurred if oxygen was excluded. Moist soil failed to fix
nitrogen when incubated with sraw in either the presence of absence of oxygen.

2.20 BuNnNG, A. H. (1963). Experimetrts on organic manures, 1942-49.
J. agric. Sci. 60, 121-l,l0.

One hundred and thirteen experimeDts were done on 56 sites, during 8 years, to
investigate the composition and agricultural effects of farmyard manure (FYM),
sewage sludge aud composts of skaw with sludge or with inorganic N. The
manures had on average from l 9 to 2'6% N in dry matter; P2O5 contents were
more varied, ftom 1.17" in straw composts to l'6y. ir\ FYM and ovet 2/o in

sewage sludges. FYM was outstanding in providing 2% KrO in dry matter, the
other matedals had only 0'3-O 6)( KrO. Rates tested were 8 and 16 tons/acre of
strawy manures and 5 and 10 tons of sludge dry matter/acre for farm crops;
double thes€ rates were us€d for horticultural crops. Fertilisers were also tested,
but generally at rates well below the (economic) optima,

FYM supplied K to crops, as did other strawy manues. Inorganic N composts
did not supply P, but all the other materials did, and all supplied N. The sewage

sludges differed greatly from strawy materials in not supplying K to crops; they
are primarily sources of N and P; the K they contain (0'H'4% in dry matter)
is presumably insoluble and unavailable.

The exoss effects of the materials on crop yietds were associated with their
ability to supply nutrients. FYM was best. Responses from sludge-straw
composts were about half those from FYM exc€pt at high rates and for cabbage,
where the composts did better. Composts of straw with inorganic N had much
smaller effects on yield than sludge-straw composts; ploughing in straw with
inorganic N, or with sewage sludge, had much the same effect as inorganic-N
composts.
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The sub-.optimal fertiliser dressings used greatly lessetred the effects of all
organic materials except with red be€t, which responded particularly well to
FY_M and to straw-sludge composts. As the fertiliser rates were tow, it was
diffcult to separate "complex" effects that could not simply be ascribed to in-
creases in plant nutrient supplies. Only l0 out of the lt5 experiments showed
that orgadc maoures- had complex effects on crop yields th;t wete not easily
explained in terms of extra nutrient supplies; all the sites were on light soils.
Th€re s€emed no special need for organic manuing on heavy soils or on shallow
soils over limestone. All the materials producing apparently complex efrects
involved rottiog straw. There was no evidence thal oiganic matter as such was
important; s€wage sludge supplied much more organii matter/acre than FyM,
but was much less effective.

For farm and honicultural crops sewage sludge is only useful as a source of
N and P; when it is used K must be supplied separately- Some sludges contain
hea\y metals from industrial wastes, and these can be harmful to ciops, Welt-
rotted s]udge-straw composts at 30 tons/acre can approach similar quantities
of FYM iD 1trek effects on crop yield. Composts ofstra; with inorganic N do not
appear us€tu1. The direct ploughing in of straw had little meril on the soils
used for these experiments,

2.21 Cn{xR {vAxrr, S. N. & TALBIJDEN, O. (1962). phosphat€ equilibria in
acid soils. J. Soil 9ci.13,23114o.

Phosphate equilibria in 54 acid soils are examined and refered to equitibria
with variscite and strengite. The equilibrium phosphate concentration iD
British soils is govemed by phosphate residues liss basic than of these com_
pounds and is approximately similar to that obtained by treatment of mont_
moriuonite with 10-6 M phosphate solutions for 9 month;. In Iqdian soils both
compounds are efective in controlting phosphate concentratioDs oyer the pH
range 3.8-5.7.

Kaolioite and glauconite treated with lO-5 M phosphate for 9 months exhibit
characteristics intermediate betwe€D the two groups of soils,

2.22 CvNNrxcx,c.M, R. K. (1962). Cation-anion retationships in Italian ryc_
gtass (Ialium multiflorum). Nature, Iand. f96, I23O_31.

Total cation : total anion ratios in Italian ryegrass depended on the total N in
the grass, aod on the form of nitrogen taken up,

2.23 C\TNNTNGHAM, R. K. 0962). Determination of total sulphur in plant
mzteial. Chem. & Ltd. 2l2}-Zl2l.

An indirect flame photometric method for determining total sulphur in plant
rnaterial was described,

2.24 CrrN'NrNcx,cM, R. K. (1962). Mineral nitrogen in tropical forest soils.
l. agic. Sci. 59, 257 -262.

A mi[-N.d is_the most satisfactory measu.ement for assessing mineralisable_N
in the tropical forest soils used; values are treble those for [min-\ and then
increase even funher on storage. Comparisons of 4 min_N- are pointiess unless
methods of sampling, drying, storing and incubating are standardised.

A min-N.d is correlated with total N and organiJ C but not pH.
Undisturbed kopical forest soils can produce very large quantities of mineral

N, particularly in their surfac€ layers; ahis probably iccouns for small responses
of ptants to added N. These soils can be extensively cultivated oJv'wfren
organic matter is pres€rved by protectiDg cleared soil.
264
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Added nitrogen was leached more rapidly from these soils than from com-
parable temp€rate soils, but not fast enough to prevent absorption by plants.

2.25 CL'NNTNGHAM, R. K. & ARNoI-D, P. W. (1962). The shade and fertiliser
requircments of cacao (Theobroma cacao) in Ghana' J. Sci. Fd furic. 13,
21r-221.

Experiments to examine the shade and nutrient requirements of cacao are
described, and preliminary results are pres€nted. A significant respo[s€ to
phosphate was obtained ulder shade when pests, diseases aod weeds were
controlled. Removing shade results in highly significant increases in yield, with
a positive interaction b€tween increased light and applied nutrients. Fertilised,
umhaded cacao yietded double as much as previously considered to be the
rnardmum for Amelonado cacao, The application of these results to farmers'
shaded cacao and to a more inteosive system of grolving the crop without shade

are disc-uss€d. AtGntion is drawn to the dangers of removing shade and to the
importance of associated factors, such as pest distribution, incidence of weeds,

adverse dry season effects and soil degradation.

2.26 GAssER, J. K. R. (1962). Transformation, leaching and uptake ol fertiliser-
N applied to winter and to spring wheat growtr on a liSht soil.l. Sci. F.l
Aeric.13, 361-375.

Winter and spring wheat were grown on a light soi.l without fertiliser-N or with
100 lb of N/acre applied as ammonium sulphate or "calcium nitrate"; dressiDgs
were applied in autumn or in spring. The same treirtments were also applied to
uncropped soil, Most of the nitrate-N in unfertilised soil and that from "calcium
nitr.te" applied in the autumtr had be€n lcached below 36 in. by the foltowing
March. A$monium sulphate Ditrified slowly on one plot where the soil was

acid, and the dressing applied in autumo was partly retained as ammonium-N;
but on other plots most of the nitrogen was nitrified and had been leached below
36 in. by the fotlowing March. With no crops, the mineral-N content of ull-
fertilised plots and of those receiviog fenilis€r-N io the autumu, increased from
March to August. Feniliser-N applied in the spring remained in the surface

layers and would have been available to a crop throughout the growing season.

Wheat removed both soil mineral-N and fertilis€r-N from March onwards; by
the end of May most of the fertiliser-N applied in spring had b€en taken up
from the soil by the crop. At harvest the soil of all plots under wheat contained
similar, but small amounts of mineral'N. Both uDfertilised wheat aod wheat
rec€iving fertiliser-N in autumn had maximum dry matter and N content at
harvest. Dry matter produced by wheat with fertiliser-N in spring also inoeased
to harvest, but most fertiliser-N was recovered in the crop in late May- Winter
wheat had a similar total-N content at harvest as in late May, but spring wheat

contained less at harvest. For both spring' and autumn-sown wheais the apparent

recovery of fertiliser-N decreased between May and harvest.

2.27 MATrINGLY, G. E. G. & WruJAMs, R. J. B. (1962). A note on the chemical
analysis of a soil buried since Roman times. J. So,7 Sci. 13' 254-258.

The chemical composition of a soil buried beneath a Roman amphitheatre was

compared with soil from the surrounding field and with the materials from
whi;h the amphitheatre was constructed. The calcium carbonate and total
potassium contents of the buried soil aod the cultivated surface soil were

"i.ilu.. 
Th" bu.i"d soil contained O'78% @rbo\ O126y" nitrogen and 0'0'14%

organic phosphorus, and the sudace *il 2'421 czrbott, O'3l8ll nitrogen and
0.097% organic phosphorus. Much more phosphorus, soluble in 0 5M-sodium
bicarLonaie, was present in the buried soil (12'8 mg P/100 g) than in the surface

265
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soil (1.3 mg P/loO g). Irsses of nitrogen sinc€ the soil was buried in Roman
times were estimated to be about 70%.

2.28 NowAKowsKr, T. Z. (1962). Etrects ofnitrogen fertilisers on total nitrogen,
soluble nitrogetr and soluble carbohydrate contents of grass. 

"f. agric. Sci.
59,38't-392.

Italian ryegrass given ammonium sulphate or sodium nitrate at 56 or ll2 lb
N/acre was analysed for total nitrogen, soluble nitrogen (non-protein-nitrogen)
and soluble carbohydrates- Ten days after applying fertiliser the differences in
total-N between the grass receiving 56 and grass receiving I 12 lb N/acre were
very small, Total-N in grass decreased with groMh, but the effect of the rate of
nitrogen on tota[-N increased, At first the grass giveu sodium nitrate contained
more soluble nihogen than grass given ammonium sulphate, the difference
being greater at 56lb N/acre; sotuble nitrogen decreased with increasing growth.
Ten days after appllng fertitiser the nitrate-N content of grass was very high
(ranging from O.l to O.9)4 in the D.M.) and it gradually decreased. At both
levels of nitrogen applicatiou grass given sodium nitrate contained much more
nitrate-N than grass given ammonium sulphate. Forty days after applying
tritrogeo the nitrate-N contents of grass which received 56 and I 12 lb Nfacre as
anmonium sulphate were 0.039 and 0.222i1of the dry matter, respertively; the
grass supplied with sodium nitrare gave values of 0.082 arrd, O.438,'A. Total
soluble carbohydrates in the grass were small early in growth and gradually
increased. Nitrogen dressings had little effect on the content of soluble sugars
Glucose + fructose + sucros€), but greatly decreased the fructosan. The pattern
of changes in the total sotuble carbohydrate content followed that in fructosan
c4ntent. Early in groMh, the total soluble carbohydrate/crude proteitr ratio was
very small in grass from all treatments exc€pt the ..contol". This ratio increased
with growth, and at the last sampling was 2.13 in gras receiving no nitrogen,
and in gass supplied with 56 and 112 lb N/acre as ammonium sulphate it was
1.44 and 0.72 respectiyely: the coresponding figures for grass receiving sodium
nitrate were l.l3 and 0.66. The totat solubte carbohydrate carbon/soluble
nitrogen ratio in grass with no nitrogen was l8 at the 6lst sampling, and it
increased gradually, reaching 70 at the last sampling. This ratio was coDsiderably
less with all nitrogen treatments than with ..controt". The values obtained with
I 12 lb N/acre were less than those obtained with 56 lb/acre, irespective of the
form of oitrogen used. The relationship between the soluble carbohydrate carbon
content and the soluble nitrogen in grass is illustrated gaphically and discussed.

2.29 VaDYANATHAN, L. V. & TaLTBUDEEN, O. (1962). Alteration in the surface
properties of soils by ion exchange resins . Nature, Iotrd. 194, g97.

P_hosphate ions diffuse more slowly out of the soil in resin: soil suspensions
than in suspensions of soil alone because multilayers of poly-electrolyti anions,
formed by the chemical and abrasive decomposition of iesins, are aisorbed on
the soil surface, Caution is thus needed in interpreting results from experiments
in which resins are used to extract nutrients from soii or to supply nutrienf to
plaots, especially when coosidering rates of reaction and rates ii riptate.
2.30 WARREN, R. G. & Cooxr, G. W. (1962). Comparisons betweeD methods

ofmeasuring soluble phosphorus aod potassium in soils used for feniliser
experiments on sugar beet. I. agric. Sci. 59, 26\2'14-

Eleven years of field experiments on manuring sugar beet were used by the late
E- M. Crowther to compare methods of analysing soils for soluble i and K;
this paper reporB his work. The experiments were divided by soil analyses into
groups of e4ual numbers of sites; average crop responses were used to value the
266
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analltical methods. Such tables of average results overvalue soil analyses'

because each method was misleading in a small proportion of the fields used. A
quantitative way was developed of assessing the gains from using soil analysis
in ptaoning fertitising and of comparing anal,'tical methods. The total profit
from uniformly manuring all the soils examined was compared with the profit
made by using analyses to select a proportion only of the soils to be manured;
tlle total amount of fertitiser used was the same with each way of ptanniog
manuring. The most eftcient analytical method gave the most profrt. For
phosphate, differential manuring of sites selected by soil analysis was more
profitable than uniform maouring with all the methods of measu ng soluble P
that were tested. The best method used a rapid extraction with dilute hydro-
chloric acid, but extracting with water (calcium bicarboDate solution was used

for calcareous soils), or with citric acid solution, was nearly as effective. These

three methods, using little solvent relative to soil, were more useful than methods
using larger volumes of dilute sulphuric acid, dilute ac€tic acid and a lactate
solution, The sugar beet responded more often to K than to P manuring, so

there was less chance of making extra profit by using anallses to detect the
richer soils where either no K fertilis€r or small dressings only should have been
given. Using the citric acid method of measuring soluble-K to separate the
ioils into groups of differential manuring was more profitable than giving uniform
dressings to atl fields; acetic acid was less effective than citric acid, and the

hydrochloric acid method gave no advantage over uniform manuring with the
heavier rate of potassium. Water-soluble K measurements were worse than
acid-soluble values; usitrg them to predict responses and manuring would have
given less profit than uniform manuring at the heavier rate used.

2.31 WARnrN, R. G. & JoHNsroN, A. E. (1962). The acrumulation and loss of
soil potassium in long-term experiments, Rothamsted and Woburn'
Proc. Fertil. Soc. No.72, 5-24.

The net withdrawal of potassium from soil depends on season' amount of K
applied, rype of crop and how it is used. The K balance betwecn additions and
wlinara.vats for a rotation can be determined accu"ately only from analyses of
cfops aDd manures for more than one cycle. In ley--arable experiments at Roth-
amsted more K was removed by cut grass and luceme leys tha[ was applied as

fertiliser, the readity soluble K in the soil decreased and the yields of potatoes

were less than after grazed ley, At Wobum readily soluble K in soil was increased

by a 3-year grazed liy and by a single dressing of farmyard manure. Dressings of
fertiUser f io the cut grass and luceme plots of the Rothamsted experiments,

equal to the K removed by the crops, conected K deficiencies in the soils. The
in-tensities ofK-deficiency syrnptoms in barley following a deep cultivation experi-

ment, and the I K in the plants, were retated to soil analysis results for readily
soluble K. Soil analysis appean to be a satisfactory and simple alternative to
analysing crops and manures when determining the K balance of a rotation'

In thJsoils of the Bamfield Maogold Experiment there were large Sains in
ammonium acetate-solubl€ K from farmyard manure and from K fertilier
applied amually for about a hundred years. The gain in ammonium acetate-

soluble K for uncropped soil from the K fertiliser dressings was estimated to be

only one-seventh of the total amount of K added.
In laboratory experiments Rothamsted and Wobum soils fixed less K when

kept wet tha.o whe; altemately wetted and dried. Acid soils fixed much less K
than Eeutral or slightly calcareous ones.

The value to crops of K residues in soil was measured in microplot exp€riments
on the Exhaustion I-and site at Rothamsted. Swedes, sugar beet and kale
extracted more K from residues in the soil than from nelv additions of K
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fertiliser. For swedes, sugar beet and kale, the K fertiliser was applied broadcast
aDd worked in; for potatoes it was applied between the ridges b€forc planting.
Potato yields were most from the K residues, which were estimated to be equal
to 0.5 qyt of fresh fertiliser K/acre.

2.32 WDDowsoN, F. V. & PENNy, A. 0962). Experiments with nitrogen and
potash on potatoes. Exp. Husbandry No. 8, 30-39.

Seven experiments on main-crop potatoes in 1958 and six in 1959 compared
rcsponses to 0.5, l'0 and 1.5 cwt N/acre (as ammonium sulphato) applied with
O'8, 1.6 or 2'4 cwt K,O/acre (ia 1958) and with 0.0, 1.2 or 2.4 cwt Kto/acre (in
1959). The 1959 experiments also compared muriate and sulphate of potash.
Respons€s to N differed grBtly from centre to centre, but on ayerage l'0 cwt
N/acre gave full yields each year. More than 0.8 cwt KrO/acre decreased yiekls
in 1958; in 1959 1.2 clf,t Kro/acre gave maximum yields. In 1959 muriate was
slighdy better than sulphate of potash in four out ofsix exp€riments. The mean
response to N was not limited by potash in these experiments, and th€re was no
eyidence that rcspons€s to N were increased by giving heavy dressings of K.
2.33 WmoowsoN, F. V., hNNy, A, & WLLrAlrs, R. J. B. (t962). An experi-

ment comparing urea-formaldehyde fertilis€r with *Nitro-Chalk" for
Italian ryegrass. J. agz'c. Sci.59,261268.

Italian ryegrass was used in 1958 and in 1959 to compare "single" spring
dressings of urea-formaldehyde feniliser (UF) with equivalent spring dressings
of "Nitro-Chalk" (NC), and with "repeated" NC (divided equally between three
cuttings). Barley measured residues in 1960. At the first cut each year yields
from UF and repeated NC were similar, but later NC gave much larger flelds.
Aggregate increases from UF were less than half those from equiralent NC.
Both forms of nitrogen had residual value for grass and barley. Maldmum
recovery of N, ov€r 3 years, was 54%, for UF and 90)( for equivalent NC.
Single NC dressings were recovered more completely than repeated dressings.
The maximum aggregate uptake over 2 years by grass receiving 2.0 cwt N/acre
each year were 72 lb P and 611 lb K/aqe.

2.34 WrLI^Ms, R. J. B. & Cmxr, G. W. (1962). Measuring soluble phosphorus
in soils, comparisons of methods, and interpretation of results. J. a8zt.
Sci. 59, 275-280.

Soil samples from 179 field exp€riments testing phosphate fertilisers on potatoes,
swedcs and grass were analys€d for total phosphorus, and for phosphorus soluble
in the following sotutions: 0.3N-HCI, 0.002N-H,SO., t% citric acid (H"Ci),
0'! ,-a99t!9 agid (tIAc), acetic acid-sodium acErate buffer (HAc-NaAc) at pH
4'8, 0'5M-NaHCO3, and 0.01M-CaCt.

Average values for soluble P were closely reLated to average crop respons€s to
superphosphate in the expedments on swedes, but not in the grass and potato
experiments. The extractants that differentiated best between responsive and
unresponsive groups of experiments were HAc, fIAc-NaAc and NaHCOs for
potatoes; ard HCl, H,SO., HAc-NaAc, NaHCO. and CaCL for grass.

For the experiments as a whole o,5M-NaHCO, was the ..best" extractant.
The HCl, H,SO. and HAc-NaAc buffer solution methods were roughly equally
effective, though inferior to NaHCOs; the other three extractants (HAc, A3ci,
CaCt) were of little general use. Total P in soil \f,as also related to response to
superphosphate, though less well than values for soluble p obtained by the
better methods.

Estimates of soluble P by different solyents were often related. Estimates by
HCI and HrSO. methods were most. clos€ly related; values for p soluble in
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H1SO. and in HAc-NaAc were also often sigfficantly correLated, as were
estimates by HAc-NaAc and CaCI!. The H,Ci aud CaCL methods gave results
that were least related to those with other methods.

The use of soil analyses in advising on P-manuring is discusscd, and a tentative
method is proposed of establishing the anatytical limits for soluble P that defirc
"defrcient" soils. If the confidenc€ attached to the limiting values that separate

"dcficient" and "non-deficient" soils is stated farmers will be able to assess the
risk entaited in accepting advice based on soil analysis.

Pedology DePartuent

GENm L PAPB

3.! Ir RIcIn, H. H. (1962). Trac€ elements in soils. Sci. Progr. 50, 28!290.

RTSEARCH PAPERS

3.2 Broo[rrEr,D, C. (1952). A colorimetric method for determining total sulphur
in soils. ,{rrarD, 87, 58G589.

Tho soil is ignited with vanadium pentoxide in a current of nitrogen, atrd
oxiclation of volatile organic products completed by passage oYer hot cupric
oxide. Hot metallic copper converts sulphur trioxide to the dioxide' which is
absorbed in a solution of sodium tetrachloromercurate and determined colori-
metrically with prosaniline and formaldehyde.

3.3 Gxmm-Krrr.v, R. (1962). Chaige densities and he3ts of immersion of
some clay miaerals. Clay Min. Bull, 5, No. 27, l-8.

The exchange capacities, surface areas (both external and total) and heats of
immersion in wat€r of a selection of clay minerals and a fine-grained muscovite
were measured. The charg€ density (expressed as p e/rd) of muscovite was 3'6.
This was, as expected, much larger than those of true clay minerals, which tended
to group together, the average values being: kaoliDites, 2'0; hydrous micas,

1.7; halloysites and montmorillonites, 1'4. The heats of immersion (express€d as
joules/mt) were, in contrast, more widely spread : muscovite, 0'63 ; halloysites and
-kaolinites, 

O'49; hydrous micas, 0 28; montmorillonites, 0'14. The explanation
advanced for the differences in the heats of immersion is that they reflect changes

in surface energy and cohesiotr of the silicate layers, so that expanding minerals

which have a small interlayer cohesion have also a small heat of immersion.

3.4 GR.EENE-K;LLY, R. (1963). Birefringence of clay mineral complexes. C/avs

and Clay Miaerals 10, 469-475' Pergamon Press.

Thc birefrinepnce ofcomplexes of montmorillonite with aromatic liqui<ls depends

on fhe type of liquid, anO tm fact was used to determine the proportion of
expandirig layen in some partly expanding minerals' A simple method of-ass€ss-

ini samptes ior tne presence of expanding minerals could probably be devised

on the same liaes.

3.5 Nc SEw KE & BtooMFELD, C. (1962). The effect offlooding and aeration
on the mobility ofc€rtain trace elemeDts in soils' P/an, & So 16, 108-135.

kon, cobalt, trickel, zinc,lead, vanadium and molybdenum were mobilised when

soils were flooded and incubated anaerobically with ptant material. Chromite
was uoreactive under these conditions, but cbromium was mobilised in a soil of
normal composition. Molybdenum was mobilised iu conditions of increasing

acidlty.
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In a well{rained soil copper was mobitised when the soil was incubated with
the sole addition of water, but ir the presence of added plant material the
extractable copper dimppeared rapidly, presumably as the result of sorption oD
plant fibre. In a poorly drained soil of high organic content the water-soluble
copper formed io the early stages of iDcubation also disappeared, but sorption
on plant fibre seemed not to be responsible.

Much Aon was immobilised when anaerobically incubated soils were aerated,
and although drying further decreased the amount of iron extracted, the net
result of flooding and redryiog was to increase the extractability of iron and the
trace metals.

The total amounts of extractable manganese, cobalt and zinc were hardly
affected by re-oxidation. In general, rc-oxidation decreased the amount oi
material exfacted by water, but this decrease was panly offs€t by corresponding
increases in the fractions extracted by ammonium acetate.

Less molybdenum was immobilised oD aeration than would be expected in an
inorganic sSntem; coprecipitation lvith ferric oxide may have been inhibited by
the organic matter.

In one instancE sorption of nickel on plant fibre caused less nickel to be
mobilised when the soil was incubated with whole plant material instead of a
plant extract, but the sorb€d nickel was liberated on aeration. In a poorly
&ained soil of high organic cotrtent nickel, like copper, seemed not to be
affected by the presence of plant fibre,

3.6 WE& A. H. & GRIENE-KELLY, R. (1962). B€ide[ite. Amer. Min. O,
137-146.

The mineral name beidellite has recently fallen into disrepute with mineralogists
because specimens so named before the advent of X-rat diffraction techniques
proved on re-investigation to be mixtures. The clay from the Black Jack Mine,
Idaho, was early described as a beidellite; re-investigation ofis prop€rties shows
that it is a dioctahedral montmo.illonite mineral containing very tittle magnesium
or iron. The term beideltite is retained for the Black Jack Mine minial, and
recommendatiotrs are made to clariry its defitritioD.

Soil Microbiolog5r Department

CENmAL pApERs

BIowN, M. E. (1962). Populations of Azotobacter iE the rhizosphere and
effects of artificial inoculatiot. Abstracts 8th int. CoW, Microbiol.
Montreal, 53.

CoopER, R. 0962). The retention of3,p latf,llled, Rhizobium by legume seed
aft€r inoculation by vacuum treatment. Abstructs gth int. Coigr.-Microbiol.
.lt{ontrcal,58.

Mru<rrronN, J. (1962). Nitrifying bacteria in soils in Britain and Ghana.
Abstractt 8th int. Congr. Microbiol. Montreal,59.

MossE, B. (1963). VesicuLar-arbuscular Mycorhiza: an extreme form of
fu_ngal- adaptation. ,r Symbiotic Associations. j3th Symp. Soc. geL
Microbiol, 146-17O.

NurMAN, P. S. (1963). Factors influencing the balance ofmutual advantage
in symbiosis. In Symbiotic Associ atiols. l3thsymp. Soc. gen. Microbil,
51-71.

4.1

4.2

4.3

4.4

4.5
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4.6 NurMAN, P. S. (1962). Normal and abnormal patterns of root-hair infec-
tiot by Rhizobium tilolii. Absfiqcrs 8th int. Congr. Mictobiol. Motreal,
58.

4.7 NurMAN, P. S. (1963). Symbiotic nitrogen fixation in soil niaogen.
Ameican Society of Agrcnomy Mofiograph. (In the press.)

4.8 WArxER, N. & (Cr.AUs, D.) (1962). The decomposition oftoluene by a soil
bacterium. Abstracts 8th int. Congr. Microbiol. Moatreal,63.

RT5EARCH PAPERS

4.9 BRowN, M. E., BURUNGHAM, S. K. & JAcKso\ R. M. (1962). Studies on
Azotobacter species in soil, 2. Populations of Azotobacter ill the rhizq
sphere and efrects of aniocial inoculatioq. Plqtt & Soil. 17,32U332.

The distribution of Azotobacter was studied in the rhizosphere of some crop
plants grown in this country, Any rhizosphere effect \f,as very small, and
fre4uendy Azotobacter was suppressed. No cells were recovered from root
washings, indicating absenc€ from the root surfac€. Azotobacter was absent
from the rhizosphere in acid soils.

Inoculation of seeds, roots and soil resulted in establishment of many Azoto-
bacter in the rhizospheres ofplaots grown in soil ofpH above 6.5 and containing
a natural Azotobacter population. Seed inoculatiotr was the most practical, and
led to good establishment throughout the root system, including adventitious
roots of wheat. The final population in the rhizosphere depended on the size
and age of the initial inoculum applied to the seed, Best r€sults came from
spraying seed with l4-day-old cultures and sowing the seed on the same day.

4.10 Gupra, B. M. & K$czKowsKA, J. (1962). A study of some mutations io a
strain of Rhizobium tilolii. t. gen. Microbiol.27,473476.

Mutants of a strait ol Mizobium tilolii were obtained by selective action of
bacteriophage and streptomycin and by exposure to ultra-violet radiation. All
mutants resistant to bacteriophage were streptomycin-susceptible, and all
resistant to streptomycin were bacteriophage-susceptible; Do suwiyor after
exposure to the radiation resisted either the bacteriophage or streptomycin.
Mutation to bacteriophage resistance v,/as closely corelated with inability to 6x
nitrogen in symbiosis with red clovcr. Some streptomycin-resistant mutants
used streptomycin as a nutrient supplement, enabliDg them to grow on a mioeral
medium without gowth factors. All but two mutants remained serologically
indistinguishable from the original straio.

4.11 PARLE, J. N. (1963). Micro-organisms in the intestines of earthworms.
J. gen. Mitobiol. (ln the press.)

Actinomycetes and bacteria, but not fungi, increase rapidly in numbers during
the passage of food through the worm gut. ED4/mes produced by the worm
rather than micro.organisms seem to be the main agents digesting cellulose and
chitin, The rate material moves through the intestine depends on whether the
animal is feeding; food takes about 20 hours to pass, but when burrows are
being formed material passes in about 12 hours.

4.12 PARE, J. N. (1963). A microbiological study of earthworm casts. J. gen.
Mr'crobrbl. (In the press.)

Microbiological, physical and chemical changes were followed in worm casts
ageing in the field, Filamentous fuogi and yeasts increas€ in numb€r rapidly
after the cast is produced, but not bacteria or actiromycetes which are initially
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numerous. Measurements of hyphal length confrmed the increased gro\yth of
fungi. Ageing casts show a decliDing respiratory activity, possibly because the
bactEria form resting stages. Aggregate stability increases rapidly as casts age,
probably because amounts of fungal hlphae increase. Casts contain much more
polysaccharide than soil, but amounts did not change with changes in stability.
Casts coEtained much more total and mineral nitrogen than soil; the major
part of the inorganic nitrogen occurred as ammonia, which was rdpidly converted
to nitrate.

Botrny Department

GENERAL PAPR

5.1 HuMlrNEs, E. C. & WTGEI.ER, A. W. (1963). The physiolo$. of leaf
gtoutth. Annu. Rey. Pl. Physiol.14 (Itr the press).

Rrsrarcn P,lpERs

5.2 Hur,fInEC E. C. (1963). Dependenc€ of net assimilatioq rate on root
growth of isolated leavef. Ann. Bot., Lond. .S. 27, 175-184.

The phenomenon of inhibition of assimilation by carbohydrate accumulation
was re-investigated, using single-rooted leaves of dwarf French bean. This system
has th€ adEntage that the assimilathg area resrains constant and carbohydrate
is tra.nslocated to a single sink--the root Eatem. The net assimilation rate of the
system did not \rary with season and was small compared with that of intact
plants in the srunmer; apparently it is restricted by aD htemal factor. This
factor is the rate of translocation of carbohydrate from source to sinl( (from
lamina to root), which in turn depends on tlle glowth rate of the root system.
The net assimitation rate iocreased when root growth was increased, by in-
creasing the volume of the culture vessel, by preliminary treatmeut with IAA
or by raising the root temperature. It was decreased when root growth was
retarded by kinetin treatmeDt,

In glasshouse experiments lamina dry matter increased by 0.75 mg/cm'/week,
to a maximum that depended on the time of year; in August it was more tha.D
7.O rI],glcm', but there was a seasonal trend. When the roots were held at 24o
carbohydrate accumulated in the lamina more slowly than at lower temperatues.

5.3 ORCHARD, B. (1963). The growth response of sugar beet to similar irriga-
tion cycles under difrerent weather conditior,s. Brit, Ecol. Soc. Symposium
on "The Water RelatioLs of Planti'. Oxford: Blackwell Scientific Publica-
tions, pp. 344-359.

SugBr beet grown in covered field plots showed a similar response to long
drought (July-Septemb€r) in two successive years in spite of differenc€s in net
radiation aod evaporation rate. A similar drought in autumn (September-
January) had no significant effect. A short drought earlier iD the groEth period
(June-July) had a great€r effect than the long drought.

During drought leaf growth was restricted, ard eventually the dry weight
leld was depressed. The net assimilation rate was unaffected during drought.
When the drought was broken the l€f growth rate was sigDificantly eDhanced,
and in oDe exp€rimeot the net assimilation was also increased. This last se€ms
to require a high daily radiation and a leaf-area index below about l'5.
5.4 THoFNE, G. N. (1963). Varietal differences in photosynthesis of ears and

leaves of barley. ,{zz. Bot., Lotd. N.S. tl, 155-174.

Rates of apparent photosynthesis of ears, and of shoots (combined flag leaf and
sheath and peduncle), of Proctor barley grown in pots or in the field were
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similar to those of Plumage Archer, or slightly smaller, The photosynthetic
rate ofthc ear, about l'0 mg Co!/hour/ear, was similar to, or slightly less than,
the rate of the shoot. 40-50% of the carbohydrate in the grain was provided by
photosynthesis in the shoot, and about 40% by photosynthesis in the ear. Shading
the ear underestimated the total amount of CO, fixed by the ear and decreased
dry weight of grain per ear of both variaies by 261. The contribution of ear
photosynthesis to yield of grain per acre was greater for Proctor than for
Plumage Archer, becaus€ Proctor had more ears.

The rate of apparent photosynthesis per dm? of leaves of Proctor was similar
to that of Plumage Archer, both before and after ear emergeDce. Before ear
emergence the photosynthetic rate of a particular leaf decreased tinearly with
time, and was less for lower than for higher leaves on the shoot.

5.5 THoRNE, G. N. (1963). Distribution of dry matter between ear and shoot of
Plumage Archer and Proctor barley grown in the field. A n. Bol., Innd.
N.S. n, 185-192.

In a field experiment where Proctor barley yielded slightly more grain than
Plumage Archer but had similar total dry weight, the dry wei8ht ratio of ear to
shoot was greater for Plumage Archer than for Proctor at ear emergence and
greater for Proctor at maturity, as in a previous pot experiment. When ears
were shaded the ear: shoot dry-weight ratio at maturity of Proctor was not
sigtrificantly greater than that of Plumage Archer. The varietal difference in
ear: shoot ratio was reversed because ears of Proctor had a $eater relative
growth-rate than ears of Plumage Archer, apparently because they photo-
synthesised more. Proctor shoots decreased in weight slighdy less thaq shoots of
Plumage Archer.

5.6 TEuRsroN, J. M, 0962). An intemational experimeDt on the effect of age
and storage conditions on viability and dormancy of Avena fatua seeds.
lVeed Res. 2, 122-129 .

Freshly collected ripe seeds of Atena far./a were first kept out of doors on the
surface of the soil for 0-3 months, and then stored dry in the laboratory for
0-6 months before testing for dormaocy and viability. Results from six Euro-
pean countries agreed well, Ortly lol of ripe seeds germinated immediately
after collection, and germination rose to 50% by December or January in all
countries except Denmark. Viability was scarcely affected by age or storage
conditions, except that many seeds died out of doors during winter in Demark
and Germany. The percentage of dormant seeds in December was greater in
Denmark than elsewhere, possibly because the seeds were of a different R?e.
Seeds may not behave the same in normal agricultural conditions as they did
in this experiment.

5.7 THURsroN, J. M. 0962). The effect of competition from cereal crops ou
the germination aDd gtowth of Avena fataa L. in a naturally-iofested field.
Weed Res. 2, 192-201.

The effect of winter wheat, winter rye, winter barley, spdng balley, and fallow
cultivated as for a winter cereal, on germination and growth of vild oats (Avena
jArr..a) was investigated on a naturally infested field. TreatmeDts were conthued
for 2 years on the same plots, and in the third year all plots were cropped with
spring barley. Wild oats were not allowed to shed seeds.

A. fatua v]at conttolled by a dense crop of an autumn-sown cereal' The crop
genus was unimportant, provided it grew well on the site; its effectiveless
depended on its density when the wild oats germinated in spring. Winter wheat
and winter rye were equally effective. Even in a light oop of barley, wild oats
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grew much less vigorously than on the fallow plots. Beyond a certain crop
density, dependent on soil fertitity, further increases in crop did not decrease the
size of wild oat plarts. The heaviest crop did not completely suppress the wild
oats-

The crop affected the wild oats mainly by decreasing gro\a{h of the seedlings,
but under winter wheat and winter rye some wild oat seeds may have remained
dormant, germinating in the spring barley in the third year, perhaps beaause the
heary crops decreased the soil moisture content. Nitrogenous fertiliser increas€d
the weight of both crops and wild oats. Barley was more severely affected by
soil acidity than wild oats, and on acid areas of barley plots the wjld oats were
Larger than where the pH was higher. In wheat and rye, which were scarc€ly
affected by soil acidity, the size of the wild oat plants was unaffected by soil pH.

5.8 WArsoN, D. J., THoRNE, G. N. & FRxNcH, S. A. W. (f953). Analysis of
growth and yield of winter and spring wheats. Ann. Bot., Lond. N.S. n,
l-22.

In a field experiment to investigate the physiological causes of variation in
yield between autumn- and spring-sown wheat and between old and new
varieties, the grain yields of the winter wheats were 3-l'yo greater than of the
spring ones and the new varieties Cappelle-Desprez and Jufy I ielded 4O-jO%
more than Squarehead's Master and Atle. Nitlogell fertiliser increased the
yields of Cappelle-Desprez and Jufy I more than of Atte, and decreased the
yield of Squarehead's Master by making it lodge.

Until ear emergeDce the winter varieties had greater leaf area indices (I) aDd
dry weights, but smaller net assimilation rates (E), than the spring varieties.
Squarehead's Master had greater -L but smaller E, and similar dry weight to
Cappelle-Desprez. Jufy I had similar .E to Atle, but greater Z and dry weight.
Nitrogen iocreased l, and dry weight, but decreased .E All the differences in E
between varieties and nitrogen treatments could be explained by the opposite
effects on ,, that is to say, the differences in E were caused by variation in mutual
shading arising from the differences in Z, and not by changes in leaf physiology.

Z of winter wheat reached its maximum at the end of May, but L of spring
wheat continued to iircrease unti[ ear emergence, Afterwards l, decreased more
rapidly for winter than for spring wheat, so that eventually spring whcat had the
grcatet L. These differences in the time changes of .L partially compensated for
the shorter groMh period of spring wheat, and tended to equalise the grain
yield from winter and spring sowings.

After ear emergence total dry weight of winter varieties continued to be
greater than of spring ones, but the difference in dry weight of ears was much
smaller because ear : shoot dry weight ratio was greater for the spring varieties.
Total dry weight, ear dry weight and ear : shoot ratio were all greater in the
new than in the older varieties. L,eaf area duration (D) after ear emergence was
stightly greater for the winter than for the spring varieties, and similar for old
and new. The apparent emciency of this leaf area in grain production, measured
by the grain leaf ratio (ratio of grain dry weight to D), was similar for winter
and spring varieties, but Sreater for new than for old. This suggests that Cappelle-
Desprez and Jufy I have higher graio yields because their ears photosynihesise
more than do the ears of Squarehead's Master and Atle.

Before ear €mergence winter varieties had more shoots than spring ones, and
old varieties more than new. After ear emergence there were oDly small differ-
ences in Dumbers of ears; percentage survival was greater for spring than for
wioter and for new than for old yarieties,

Differences in dry weight between varieties were not caused by differences in
nitrogen uptake,
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5.9 WELBANK, P. J. (1963). A comparison of competitive effects of some com-
mon weed speries. ,4n . appl- Biol- Sl, lO7-125.

Single plants of kale, sugar beet or wheat were grown alotre and with 16
plants of different weed species at two N leyels for from 7 to I I weeks in four
pot expedments. The competitive abilities of the weeds, measuled by their
effects on dry weight growth of the crop species, were expressed as a percentage
of the efrect of Cherlolodiwn album il the same experiment, to allow for differ-
ences btween expedments. The descending order of competitive abilities ob-
tained with kale was: Sinapis arvensis,lhet Polygoaum convoltulus ar:d Alopecu-
rus myosuroides, t,aer. Chenopodium album, Polygonum aviculare arj.d Polygonum
pericaria, followedby Mdtricaia maitima ssp. inodora, fitrally Slellaria ne.lia,
Capsella b 6a-pastois, yercnicapersica ard Anagallis arvensrs. With other crops
the weed effects were similar, except that with wheat Polygonum convolvulus had
less competitive ability than Alopecwus and about the same as Chenopotlium

Competition for N contributed to the effects of most weeds on kale and
sugar &et, but apparently only to the e{fects of Sir@y'rs ard Alopecurus ort
wheat. Factors other than N contributed largely to the effects of Chenopodium,
Polygonum convolvulus and Sinapis onkale or sugar beet, and to a lesser extent
to the effects of other weeds.

Weed yields were usually depressed by adding a single indicator plant to their
pots, the depression was least in weeds which themselves most affected indicator
gowth.

The results probably indicate reasonably well the importance of the weeds as
competitors with oops, for which purpose the method used has advantages
over other ways of estimating relative competitive ability.

5.10 WTGELER, A. W. & HrrMprnEs, E. C. 0963). Etrect of gibberellic acid on
growth, gibberellin content, and chlorophyll content of leaves of potato
(Solanum tuberosum). I. exp. Bot- 14, 132-136.

Spraying potato plants with a solution of gibberellic acid (GA) when the 15th
leaf was emerging increased the area of this leaf and its total gibberellin content,
assayed by dwarf French bean leaf disks. GA, assayed by lettuce hypocotyls,
was not detected in leaves from untreated plants. The GA content of the l5th
leaf from GA-treated plants decreased after 2 weeks, and Done was detected
after 5 weeks; apparently it was converted to another gibberellin, possibly the
same as the natural gibberellin. GA increased the chlorophyll content per leaf,
but increased leaf area mo!e, so that the leayes were paler than untreated ones.

Biochemistry Department

GENERAL PAPERS

PRE, N. W. (1962). Future sources of food supply: scientifc problems.
J. R. statist. Soc- Set- A,725,399417.

PIRE, N. W, (1962). Patterns of assumption about large molecules. lrcr.
Biochem. Biophys. Suppl. l. 21-29.

PRE, N. W. 0962). Produzione e uso di proteine delle foglie per l'alimenta-
zione umana. Syt lp. on food quolity,Bari.

h.E, N. W. 0963). Ijnconventional proteiq sourc€s. Encyclopaedia
Bitannica Book of ,he YeaL
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6.5 hp.IE, N. W, 0963). Non-conventional protein sources. It: Biochemistty
and biophysics in food research, pp, 87-99. Butterworths.

6.6 PrNE, N. W. (1963). Freeze-drying or drying by sublimation. Irrr Instru-
me qtion in experimental biology. ed. D. W. Newman. USA: Macmillan.

RISEARCE PA?ERS

6.7 DAvys, M. N. c. & PrRE, N. W. (1963). Batch production of protein
from leaves. J. agric. Engng Res. 8, 70-73.

A unit is described that pulps and presses fresh leaves in one operation and
felds an extlact from which protein can be prepared. It can take up to 5OO lb
ofleafand flnish the extraction in l-2 hours wheq consuming l-1.5 hp. The unit
consists of a perforated circular table round which a ribbed roller is driven either
by a motor mouoted on the machine or bypu ey and b€lt drive, The leayes are
put on the table, and the action depends both on shear between the roller and
th€ table and also on the tearing action of the ribs as the roller climbs up the mass
of leaf in front of it. At the same time the weight of the roller and the assembly
carrying it presses through the perforations the juice that has been lib€rated.

6.8 Htr L J. M. & MnNN, P. J. c. 0962). The inhibition of pea-seedling dia-
mine oxidase by chelating agents. Biochem. 1,85, 198-207.

Investigations of the i[hibition of the diamine oxidase of pea seedlings by4.,2'-bipyridyl, l,l0-phenanthroline, 8-hydroxyquinoline, potassium ethyf xan-
thate and sodium diethyldithiocarbamate showed that the inhibitions depend on
the copper complexiog properties of these reagents. The primary reaction is the
comtination ofthe reagents with enzyme-bound copp€r toform inactive enzyme-
iDhibitor complexes. A secondary increase in iDiibition on iDcubation with
sodium diethyldithiocarbamate was due to removal of copper from the enzfme.
The en4/me was Dot inhibited by neocuproine, a reagent specific for cuprous
copper, and no cuprous copper was found in the eDzyme by the biquinoline
estimation method. It was concluded that the diamitre oxidase ii a metau,oenzyme
containing cupric copper.

6.9 S1N9q, \, (1962). Proteolytic activity of leaf extracts. L Sci. Fd Agric.
13, 321332.

The autolysis of proteiDs in leaf extracts aqd the proteolytic activity of crude
preparations from such extrac8 against casein, as added substrate, w;s studied.
If the proteins ar€ not preaipitated soon after pr€paration of extracts they
autolyse, and th€ loss from autolysis is directly related to the temperature and
to_ the interval between preparing the extract and precipitating pioteins, The
advantages of the use of the NpN-increment over other methodi as an index of
protein hydrolysis are discussed. This method was used to study the proteolytic
activity of leaf extracts from ll plaot species free from latex. Leai proteases
from these-pLantsform a homogeneous group with little activity per g oi protein
-N, and evidence is given suggesting that they belong to the SH-grouplt enzy-"s
with optimum pH between 5-2 ar]d, 5.j. protease activity pei g of protein N
increases in the leaves of wheat during the transformation of ihe siroot apex
from vegetative itrto reproductive state.

Plant Pathology Depatuent
TrrsEs

7.1 Beaos, P. (1962). The properties and behaviour of tobacco necrosis
viruses, Ph.D. Thesis, University of London.
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7.2 CLosE, R. C. (1962). Some interactions between viruses when multiplying
tog€ther in plants. Ph.D. Thesis, University of LondoD.

7.3 DrAs, H. F. (1962). Sap-transmissible viruses of grapevines. Ph.D. Thesis'
University of London.

7.4 LAgjY, J. (1962). The actiity of Phyrophthoru irlerrar8 (Mont.) de Bary
in soit. Ph.D. Thesis, University of Reading'

7.5 R^M REDDY, M. A. (1962). A study of the effects of dis€ase control measures

on the soil microflora of Sitka spruce (Pr'cea sr'tcieruis) in forest nursetics.
Ph.D. Thesis, Univenity of London.

GENERAL PAPERS

7.6 BAWDEN, F. C. (1963). The role of research in ttre development of modem
agxiculture. Proc. XI int, Congr. Sug. Carre Technol. 1962' pp. 17-24.

7.7 BAWDEN, F. C. (1963). Plant viruses: theh nature aod control. S?aa 6.

7.8 GREcoRy, P. H. (1962). Outdoor aerobiology. Rep. Smithson. Insta,196l'
u953.

RESEARCH PAPERS

7.9 BABos, P. & KAssANIs, B. (1962)' Unstable variants of tobacco necrosis
itrus. V iro I og 18, 206-21 l.

From single lesions caused by two strains of tobacco necrosis virus variants

were isolated that were unstable in sap and difficult to maintain by itroculation
with sap. Extracts of leaves infected with these variants in water-saturated
phenol or in O sM-borax pH 9'2, were l0-l00 times more infective than sap.

ihe resuls are consistent with the idea that the unstable variants occur in the
plaot largely as nucleic acid, which is destroyed by leaf ribo-nuctease when the
ieaves ari ground in conditions that allow the eDz),:me to act. AlthouSh most of
the infectivity of these variants resides in unstable particles, many, if not all,
populations tonbin some stable particles, presumably compos€d of nucleo-
protein, wnich retain their infectivity in sap and survive purification procedures'

ibout i in 20 oftt 
" 

lesions formed by purified preparations of the two strains of
tobacco necrosis Yirus lelded the unstable variant otrly. During repeated trans-

mission in series the unstable variant did not give rise to stable ones. The
satellite virus that multiplies only in leaves simultaneously infected with certain
strains of tobacco necroiis virus, muttiplied in leaves iqfeated .l ith the unstable

variant, but less extensively than with the stable variant'

7.10 BATLEY, L. & GrBBs, A. J. (1962)' Cultural characters of S,teptococcut
pluton a]od its differentiation from associated enterocoui. J. gen' Micro'
biot.8,385-.391. (For summary see No. 11.5)

7.11 (BRoaDBENr, L.), HEArHCorq G. D. & (WRrGr , R. C. M.) 0962)'
i{ome-production of seed for early potatoes. 4. Loss of yield in virus-
infected plants. Exr. florr. 7. (In the press.)

A stock of early potatoes, variety Ulster Prince, was kept productive for 8

*,"ars when soraved with insecticide and rogued. Irsses in weight of ware and

r""d t,rU.o ivetieed 6gy. from infection with ilulus Y ' 4ly" with leaf roll and

30% with virus X.

7.12 BuxroN, E. W. (1962). Root exudates from banaoa and their relationship
to strains of the Fzsariarz causing Panama wilt, Arn. appl. Biol. 5O' 269-
282.

n7
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A method is described for obtaining sterile exudates from banana roots still
attached to the pareot plant, Root exudates from the varieties Gros Michel
(susceptible to Panama wilt) and Iacatan (resistant) were tested for their
effects on spore germination of three strains of the pathogen, Fusarium oxy-
sporum f. cubense.

In a medium otherwise optimal for spore germination, root exudates from
I-acatan plants 3-6 months old inhibited spore germination, whereas those
from Gros Michel did not. The extent of the itrhibition dep€nded on the strain
of the Fusaium Ested and decreased with increasing age of the plants. In weak
sucrose or soil-extract media, root exudates from Gros Michel promoted sporc
germination of each strain. Exudates from Iacatan plants older than 6 months
promoted germination in these two media, but less than Gros Michel exudates.

Chromatograms showed 18 amino acids in the root exudates, 13 co[unon to
both banaoa varieties. Cros Michel exudates contained no detectable cystine or
threonine, and Lacatan no leucine, serine or tlrosine. Root exudates from young
I-acatan contained more aspartic acid, glutamine and proline than those from
young Gros Michel, but the differences decreased as the plants aged.

Total carbohydrates were maximal in root exudates from Gmonth-old plants
of both varieties. Gros Michel had 1'5 times more carbohydrate than I_acatan
when young; but plaots 3 and 9 months old contained alnost equal amouots.
Chromatograms showed eight sugars, all more abundant irl Groa Michel than
in Lacatan exudates.

Materials that hhibited spore germination on Dox-agar media were demon-
strated at Rr 0.7 on chromatograms of I-acatan exudates. Neither Einhydrin-
reactive spots nor spots that fluoresced under ultra-violet light occurred at
.Rp 0'7 with Gros Michel exudates ; nor did any materials at that .Rp inhibit spore
germination,

The relationships between materials in the root exudates from the wilt-suscep-
tible aDd wilt-resistant plants and differences in spore germination responses are
considered as part of a wilt-resistance mechanism in the rhizosphere of banana.

7.13 BuxroN, E. W. (1962). Parasexual recombination in the banana-n ilt
F6arium. Trans. Btit. mycol. Soc- 45,274-279,

Three strains of F. oxysporum able to wilt the banana variety Gros Michel
(Musa-AAA group) were irradiated with ultra-violet light to produce genetic
markers that allowed th€m to be identified in culture by nutritional deficiencies.
HeterokaryoDs that formed between the strains produc€d a few prototrophic
spores with wild-type gowth rates.

Progeny from 3,036 subcultures of the prototrophic, and presumed diploid,
conidia could be divided into three class€s: daughter diploida (99.3%),hiploid
pare als (0.2%,) and recombinant haploids (0.51). Further recombinition
occlrred with additional genetic markers that dmerentiated the strains by their
differences in haemaglutinatjng properties with human blood goup O ;d by
differences in pathogettcity fior M, batbiiarra-

The banana-wilt fasaz'znt can undergo genetic recombination by an asexual
method similar to the parasexuality in some other imperfeat fului- The implica-
tions of this in relation to banana breeding for wilt resistance and to problems
of cultural va.riation in FaJarra from banana are discussed.

7.14 BurroN, E. W. & HAsrE, A. C. (1962). Spontaneous and ultra-violet
irradiation-induced m\lalts of Verticillium albo-atrum. l. gen. Microbiol.
?4, 625-432.

The killing of conidia of yefiicillium albo-atrum by ultra-violet irradiation
followed first-order kinetics; about 0.5% of the coDidia which survived at 97o/o
278
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lethal dose were nutritionally deficient mutants- This percentage of mutants
among survivors was constant for different wild-D?e isolates for the 6rst-,
s€cond- and third-order irradiations. This regularity implies that most conidia
exposed at the first irradiations contained a single haploid nucleus. Adenine-
requiring mutants formed pionnotes when grown on an agar medium contaidng
little adenine, and the extent of pionnotal formatioo depended on the position
at which adenine synthesis had been blocked by the irradiation. +Aminoimida-
zole-s-carboxamide apparentty did not act as an extracellular intermediary ir
adenine synthesis. An acriflavine-resistant mutant arose spoDtaneously in otre of
the mutants selected for nutritional deficiency, but mutants resistant to certain
other growth inhibitors were not found.

7.15 BuxroN, E. W., STNHA, INDU & WaRD, Y. (1962). Soil-borne diseases of
Sitka spruce seedlings in a forest nursery. Trans- Brit. mycol. Soc.45,
433-448.

Se€dtings of Sitka spruce (P,?ea sitchensis Can.) growing at Old Kennington
forest nu6ery, Oxford, showed a succession of troubles in 1959; damping-ofr
in spring, browning of leaves and roots in summer, and stunting without root
damage in autumn. Affected plants ocrurred oo expedmental plots treated with
formalin each year for 5 yea$, whereas plaDts gxew normally on adjacent plots
treated only once with formalin.

The microfloras of the rhizosphere and of seedling roots were examined at
l2day intervals from early May to October. Only 13 genera of fungi were identi-
fied iu plots treated annually with formalin; the most prevalent werc Pythium
spp., Fusafium oxysporum, F- roseum, Penicilliun spp. aod Tichoderma viride.
The frequency in the rhizosphere of P/thium spp., of bacteria and, to a lesser

e\tett, of F. oxyspozzr decreased as the season adranced, whereas Ttichodermo
iide, Penicillium spp-, F. roseum LrLd Bacillus cereus vat. nrycoides inctased.

Pathogenicity tests with 96 isolates of fuDgi and bacteria showed that damping'
oE was caused by Pythium spp. and browning by F. oxysporum; some isolates
ol F. oxysporum cavsed stunting, as also did .F. rorem. Isolates of Pythium aad
Fusaium made ezrly in the season were more pathogenic than those isolated later.

The protific rhizosphere microflora iD the formalin-Eeated plots may result
partly from the introduction of fungi and bacteria on seed, which by plating oo
agar media was sho\pn to be contaminated, However, rrany isolates of P/rrrim

^Dd 
Fusarium and a few of Gliocladium roseum, Mortietella atd Penicillium

from fornalin-treated soil also tolerated hig! levels of formalin in agar media.
Isolates of .F, oxysporum from adjaceot soils untreated with formalin were less

tolerant, sug8esting that tolerance may have developed as a result of repeated
treatment.

7.16 BuxroN, E. W. & WARD, V. (1962). Geoetic relatioDships between
pathogenic stlains of Fusarium oxysporum Fusarium solani ar]d atj. isolate
of Nectria haematococca. Trant. Bit. tnycol. Soc. 45,261J73.

'f\e Fusarium slAte of an isolate of N. haematococcaBerk. & Br. that ocrurred
in a mutant culture of F. oxysporum rcadily formed stable heterokaryoos with
isolates of .F. o. f. pisi, lycopenici, ar,d f. cubense ar.d F. solaai f. risi and f.
phaseoli. This indicates a close genetical relationship between these Fusaria
and betwecn them and N. haematococca, which, like F. oxysporum f. pisi,
causes wilt of Onward pea. Heterokaryon.s also formed between differeot

formae speciales of pathogetic F- oxysporum.
Lr addition, genetic crossing was achieved in culture between the Nectria atd

four strains of F.. o. f. prsi and with two of F. o. f. lycopersici. Nutritional de-
ficiencies induced by ulta-violet irradiation, wild-type differenc€s in perithecial
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production and differences in pathogenicity for pea or tomato wcre us€d as
genetic markers. In I 93 I raqdom single-ascospore cultues from singte perithecia
resulting from crosses, recombiDations were demonstrated betweer. the Nectio,
the isolates of F. oxysporum a,J:d. tho*, of F- solafi. Alt three types of markers,
including specmc pathogenicity, were interchangeable between the parentals of
each cross.

Singllascospore cultures from perithecia arising on colonies from spore
mixtures of .F. oxysporum atr,d conidial .ifeclria produced perithecia io 48-94%
of the colonies, depending on which F. oxyspotum strain was used :rs pareut,
whereas single-ascospore colonies from the homothallic Nectia were always
perithecial. When Nectria was crossed with a mildly virulent mutant of .lf. o. f.
,r.ri the resulting single-ascospore cultures had a decreased ability to cause
wilt.

Crossing Necrfl4 with F. s. f. plsl indicated that, although several cultural
characters were recombined, no recombination occurred between the abitity to
cause pea wilt (Fzsafllal state of Nectd and the ability to cause foot rot (-F.
solazr). This may mean that thes€ abilities are eittrer genetica[y allelic or closely
linked; hencc, a distinction that can be made between the two Fusaria by means
of pathogenicity tests is likely to be more reliable than any comparisons of
cultures. These results do not necessarily imply that N. haematococca is ttLe
wild-type perfect state of F, oxysporum ot of F. solani.

7.17 Cox, J. & (CocK, L. J.) (1962). Survval of Cercosporella herpotrichoides
on naturally infected straws of wheat and barley. plant path. lf, 65-{6.

In 1957 and 1959 the average number of spore-producing straws on the soil
after a susceptible crop ranged from 27.4 to 1.4 per sq yard, but a year later was
never more than I'1. The incidence ofey€spot in April was closely related to the
amount of sporing material on the soil during late winter.

7.18 Dhs, H. F. 0963). Host range and properties of grapevine faDleaf and
grapevine yellow mosaic Y.tr1us€s.. Ann. oppl. Biol, S,., 8195.

Sap-transmissible vimses were obtained from grapevines affected by fanleaf,
yellow mosaic, distorting mosaic, witches' broom or fasciation diseases. Ameri-
can, Australian, French and Portuguese grapevines containcd similar viruses.
Herbaceous hosts of viruses from grapevines with fanleaf or yellow mosaic
included 32 species iE five plant families; yellow mosaic isolates usually caused
distiDctive symptoms in systemically infected, leav6 of Chenopodium amaranti-
color, but in many other hosts could not be distinguished from fanleaf isolates.
Yellow mosaic and fanleaf diseases were each reproduced by transmitting the
isolates back to grapevine from C. amerdrrticolot. Grapevine fanleaf and grapc-
vine yellow mosaic viruses w€re both transmitted through seed. of C. amiranti-
color; both were precipilated without inactivation by ethanol, by acetone, by
ammonium sulphate and at pH 5. Preparations of each, partially purified from
systemically infected leaves of Nicoriara clevelondii, contained polyhedral
particles about 30 mp. io diameter. Phenol-disrupted virus was l-5% as inlective
as its parent virus suspensions.

7.19 Dras, H. F. & H^RBrsoN, B. D. 0963). The relationship between grape-
vine fanleaf, gmpevine yellow mosaic and arabis mosaic viruses. ,.lzr.
appl. Biol. 51, 97-105.

Plant-protertion and serological tests showed that the virus€s causing fanleaf
aqd yellow mosaic of grapevine in Portugal, Switzerland and the Uni6d States
are clos€ly related strains. These strains and arabis mosaic virus cause similar
symptoms in many herbaceous species, but arabis mosaic virus is more viruleat
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and more often becomes systemic. Attempts to transmit arabis mosaic virus to
grapevine failed. Arabis mosaic virus shares only few antigenic determinants
with the viruses obtaiDed from grapevine, and these virus€s do not protect
plants against it. In a virus classification the grapevine virus isolates and arabis
mosaic virus can be considered two distinct serot)?es of one virus.

The nematode Xiphinema diversicaudatum ac4uired arabis mosaic virus and
transmitted it to herbac€orB plants, but did uot traosmit the grapevine viruses.
As X. .r&x transmits grapevine fanleaf virus and probably transmits grapevine
yellow mosaic virus, this suggests specific transmission of virus s€rotypes by
differeot species of nematodes.

7.20 GBBS, A. l. (1962). Lucrme mosaic virus in British lucerne crops. Plant
Path.ll, 167-111.

Luceme mosaic virus (LMD was found in shoots from 52 out of 76 luceme
crops sampled in different parts of Great Brita"in in 1959, although only I l'l of
all the shoots tested were infected. The incidence of LMV was similar in different
parts of Great Briiain, but it was greater in old crops than in young, and in
crops of small than of large area, Plots of lucerne in which 75i4 of the plants
were infected yielded 10i( less in a year than comparable plots with 20% of the
plants infected. Most of the effect on yield was io the spring, when symptoms of
the disease were most notic€able.

7.21 GLr.r,rNE, M. D. (1963). Eyespot (Cercospotella heryotichoides) arld other
factors influencing yield of wheat in the six{ours€ rotation experiment at
Rothamsted (193m). Ana. oppl. Biol. (ln the press.)

Yeomatr wheat in the six-cours€ rotation experim€nt (potatoes, rye, sugar b€et,
barley, clover, wheat) at Rothamsted averaged between 1937 ard 196O 34?l of
straws at haryest infected, 19% severcly, wilh Cercosporella herpottichoides, the
cause of eyespot. In different years infected straws ranged from 2 to 9)(, whiab
included 1-817" with severe lesions. Straws severely infected increased by about
7'Z in each succeeding Gyear cycle, presumably because the amount of infectious
material steadily increased, The small amount of eyespot at the beginning of
the experimcnt cao be explained by the few cereal crops taken on the land b€fore
the experiment began. The fungus survived 5 ye3rs between wheat qops, partly
on spring-sown barley and autulln-sown rye, which (1952-60) each averaged
8'% inf€Eied straws, only 2:,1 severcly, wheleas wheat had,4591 i\f*l.rd,2l%
s€Yerely.

Other factors that probably influenced yield in some years include lodging
(which occured in 10 years, when straw yield or severe eyespot were above
average), other diseases and pests, notably wheat-bulb fly, weeds, and differences
in cultivations and treatments.

Mean yield of grain in the 30 years was 28'5 cwt/acre, the maximum 41.1,
minimum 18.7. In a neighbouriug 6eld Yeoman wheat, unharmed by soil-borne
dis€ases and pests and given the same amount of nitrogen (0 6 cM/acre), lelded
about 40 cwt/acre with a year-to-year variance of only 5 cwt/acre, compared
with a range of l9.l cwt/acre in the six-course wheat in the same period (1952-
58), the same weather thus having diEererlt effects on healthy and diseas€d wheat.

The number of strawsfit row (adjusted to 7-in. spacing) averaged annually
21.3 (maximum 28.0, minimum 148). Regession analyses showed that l8%
of the variance io grah yield was accounted for by the numb€r of skaws and
that when the number with severe eyespot lesions was included as a depressing
factor, together they accounted for 48%. These figures further indicate that
severe infertion of all straws would almost halve the yield and that the mean
loss attributable to severe eyespot lesions at harvest (1942-60) was about 1211.
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7.22 CREC,oRY, P. H. (1962). Identity of orgaois€d elements from meteorites,
tYat u re, Lond. 194, l06.s.

Pubtished illustratioDs show that some of the organis€d elemeDts from the
Orgueil and Ituna meteorite resemble known plant spores, and the possibility
that they have a terrestrial origin must be considered.

7.23 Grrcorv, P. H. & LAcEy, M. E. (1962). Isolation of thermophitic
actinomyc€tes. -l{arure, Lond. l9S, 95.

Thermophilic actinomycetes have been dimcult to isolate from liquid suspensions.
A method is described in which dry actinomycete spores are suspended in air
and are then impacted on to surface-dried medium in petri dishes in an Andersen
sampler.

7.24 GRxc,oRy, P. H. & L^cy, M. E. (1963). Mycological examination of
dust from mouldy hay associated with farmer's lung dis€ase. J. gerr.
Microbiol. SO,7188.

Small samples of hay were shaken in a perforated drum in a wind of4.2 m/sec;
the liberated dust cloud was sampled with the cascade impactor for microscopical
examination, and with the Andersen sampler for identification of organisms in
culture. The results of testing batches of hay showed large differences in micro-
bial content. Twenty-eight batches classed as "good hay,'gave up to 3 miuion
spores/g dry wt hay, mainly Aspergillus glaucus with Cladosporium spp. and
Ilemispora stellatd. D\st blown from 17 batches of ..mouldy hay,, differed
greatly in composition and had from 5 to 250 million spores/g: abundant forms
included ,4. glaucus, A. fumigatus, A. nidulaw, penicillium spp., Absidia spp.,
Mucor pusillus, bacteria, ma[y actinomycetes. Fourte€n batches of moutdy
hay associated with cases of "farmer's lung" disqse were generally similar in
mould content to the batches of mouldy hay, but had many more spores of
Humicola (Monotospor@ lanuginosa and, A. fumigatus, and were especially
characterised by very many actinomycetes, Farmer's lung hays tended to
neutrality (averaging pH 7.0, as compared with pH 5-6 of other hays), and
were rich in thermophilic organisms, commooly with hundrcds of millions of
actinomycete spores/g, a large proportion of which grew readity at 60.. Hays
associated with farmer's lung appear to have heated spontaneously to a higher
temperature during maturation than the other hays. Dust from all hays con-
tained particles of higher plants, but there were not obviously more in farmer's
lung than in other hays. All types ofspores were shown to be potentially able to
penetrate to the deeper parts ofthe lung (especially the spoles of actinomycetes,
A. fumigatus and, II. rrel/ara), but whether these orga!.isms play any part in the
aetiology of the disease is unknown.

7.25 HARRrsoN, B. D. & HoopER, D. J. fl963). Longevity of Longidorus
elongatus (de Man 1876) and other nematodes in soil kept in poiythene
blgs. Nematologica 9. (In the press.)

Adult L. elongatus survived better than larvae when moist soil was kept in bags
without plants for 29 months at about 18.. Most survivors w€re able to feed
on cucumber roots. Other surviving nernatodB i\cludel prutylenchus ctetu tus
ard Ty lencho rynchus dubius.

7.26 HEArHcorE, c. D. 0962). The suitabitity of some plant hosts for the
development of the peach-potato aphid, Myzus persicae (Sulzer).
Ent. exp. &. appl.5, ll+118.
(For summary see No. t6.15)
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7.27 HE "r"Lrco'rL, c. D. & GrBBs, A. J. (1962). Virus diseases in British crops of
field beans (Vicia foba L;)- Plant Path. lr, 69-73.

Pea leaf roll, pea eration mosaic and pea mosaic viruses were common in
British crops of field beans in 1959, 1960 aod 1961, but most plants became
infected late in the season. Of the four aphid species (Acyrthosiphon pisum,
Aphis fabae, Myzus petsicae and Megoura viciae) infesting the beans, l. prrz
seemed to be the most important vector. The yield of b€ans was decreased by
infection by any of the viruses, but more by PLRV than by the other two.
Earliest iDfections decreased yield most; yield was mainly affected by iDfection
decreasing the number of pods per plant.

7.28 HIRsr, J. M. & SrsoMAN, O. J. 0962). The epidemiology of apple scab
(Ventwio @equalis (Cke.) Wint.). [. Observations on the liberatiou of
ascospores. Ann. appl. Biol.50, 521550.

Some of the yariables affecting the liberation of Yefiuria inaeqral,r ascospores
in orchards were studied in the laboratory, either in a wind tunnel of approxi-
mately I ft square qoss-section or in four smaller tunnels where the annual
ascospore production from replicated, small, uniform area samples of dead apple
leaf could be compared.

Dew releases some ascospores, but very few compared to rain. The equivalent
of 0.2 mm of rain applied evenly with an atomiser released very many. Some
small daytime releases occured in dry weather, but they followed wetting at
night, either by rain or dew. In orchards 7!% of the spores released by brief
rains were liberated within 3 hous; for rains of all durations the comparable
fgure was 6 hours. Despite the part rain plays in release, there were more
ascospores on average in the air at the middlc of the day than at any other
time, a distribution not shared by rain. This discrepancy could not be explained
by the individual effects of light, the time elapsed betwe€n wettings or by tem-
perature (exc€pt when very close to freezing point). Observations of the release
when atmospheric turbulence was constant or slight suggested that the smaller
liberation at night could result from the interaction betweeD temperature and
the time for matuiation sitrce the previous wetti-Dg.

When wetted at weekly intervals the maturation of ascospores followed an
approximately normal distribution, although the peak was often nartow, The
disaibution could be modified by changing environmeotal factors, such as
tempemture aDd moistue, or the date when the leaves were collected. Tests
of these factors were used to formulate a routine laboratory method for com-
paring the annual ascospore productivity of a standard area of dead leaf. It
can be used to assess the ascospore potential of variously treated small plots,
or of leaf samples from differeDt varieties and localities. It allows new methods
to b€ btroduced for studying ascospore discharge by Venturia al.\d olher f\l/.lgi.
Although current experimental desigrrs and the hieh Yariability of samples
restricted its usefulness to distinguishing large differences, such differences are
clmmon, and their existence suggests that the control of apple scab could be
improved by attacking the overwinteriog .tscospores.

7.29 HRsr, J. M. & SrrpueN, O. J. 0962). The epidemiology of apple scab
(yenthria inaequalis (Cke.) wint.). III. The supply of ascospores, lzz.
appl. Biol. 50, 551-567.

The prevalence of Yentuia ihqequalis avospores in orchards was compared
both in terms of the number of spores per volume of air (dose) and the number
produced per area of dead leaf (productivity), The two parameters often gave

divergent estimates, probably because dose depend$ on total leaf per unit area
of ground whereas productivity do€s not. Differences in the amount of dead
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leaf surviving until bud-burst in differeot orchards or years were enough to
explain the anomalies and suggested that because earthworms often removed
over 909{ of the fallen leaves by spring, they exercised an important control of
ascospore numb€r.

Assessments of fruit surface scabbed, an accepted way ofjudging scab cootrol,
were not related to ascospore productivity the following spring, but estimates
on the percentage of all leav$ iqfected at leaf-fall were. Other natural variables,
such as the dates when leaves were formed or fell, seemed of minor importance,
especially when compared with effe{ts of earthworms or chemicals. Applying
dinitro-orthqcresol to dead leaves in spring decreased the number of asco-
spores liberated by at least 9O?;, and there is evidence of a similar effect from
broadcast ammonium sulphate. The spring and summer spray programmes
were also important, Measurements in several orchards during aD 8-yea! period
showed that dose and productivity both declined to less thaD a hunfuedth of
the highest leyels, but in a single wet year productivity in sprayed orchards
increased seyeral times and by 4Gfold on unsprayed trees. Ways to prevent
many ascospores occurring are discussed, together with possible causes of past
severe attacks of apple scab at Wisbech.

7.30 KASSAN'rS, B. (1962). Properties and behaviour of a virus depending for
its multiplication on another J. gen. Mioobiol. 27, 477488.

The Rothamsted culture of tobacco necrosis virus contains two serologically
unrelated viruses one of which, called the "satellite virus" (SV), causes no
lesions and multiplies detectably only when the other (TND is pres€nt. It
decreases the size of necrotic local lesions formed by TNV. Inocula contaioing
both viruses gave the same, fewer or more lesions tiao inocula containing only
TI.IV; the results depended on the mtio of the two yiruses in the mixed inoculum,
on the species and age of the test plants and, particularly, on the temperature
at which the plants were kept after the inoculation, The concentration of TNV
decreased when SV was also present; the extent of the decrease depended
on the ratio of the two viruses iR the inoculum and other factors. Inoculation
with SV 5 days before inoculation with TNV still decreased lesion size and led
to the multiplicatioD of SV. Pheuol-disrupted SV affected lesion size only when
inoculation with TNV followed within a few hours, but when inoculatiotr with
TI\IV was delayed by up to 2 days SV sometimes multiplied detectably. SV has
the smallest particle reported for any plant virus; diameter c. 17 mp and weight
equivalent to a molecular weight of about 1.9 x 1S, of which 201 is nucleic
acid. It is exceptionally stable, retaining infectivity after l7 years at 3'and
after heating for l0 minutes at 90". TNV was much more susceptible than SV
to inactivation by heat and by ultra-violet light. The two difrered geatly itr
elechophoretic mobility aud were readily separated from mixed preparations by
electrophoresis.

7.31 KAssAl.'rs, B. & (ScHwABE, W. W,) (1961). The effect of paracrinkle virus
on the growth of King Edward potato at different temperatures and day-
lenglhs. Ann. appl- Biol. 49,61ffi20.

The gowth of King Edward potatoes of a stock freed from paracrinkle virus
was slightly but coDsistently $uperior to that of an iDfected stock when grown
in controlled environments. Although the leayes of the infe€ted plants showed
no evident symptoms, their smaller water content suggested incipient N-
deficiency. Changes irl daylength and night temperature affeated virus-ftee
and infected plants similarly, Long days and warm nights deqeased tuber
formation, and the larger tuber and total dry weights itr short days probably
resulted from increased leaf area and decreased stem growth.
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7.32 KEczKowsKr, A. (1962). Destruction of antigenicity ,r ,irro of human
serum albumin and of tobacco mosaic virus by ultra-violet radiation.
P hoto chem. P hotobiol. l, 29 1-297.

Ultra-violet irradiation first makes hurnan serum albumin unable to precipitate
with antibody to the original albumin aud then destroys its ability to combine
with the antibody. With tobacco mosaic virus both the ability to preripitate
and to combine with aotibody to the original virus are destroyed simultaneously
or nearly so. A rough estimate shows that about 5 joules of radiation energr
(at I : 2537 A) must be absorb€d by each milligram of human serum albumitr
or of the protein of the virus to reduce their capacity to combine with aDtibodies
to half. The structure of the two antigens is very considerably altered b€fore
their specific combining capacity is destroyed, which contrasts with relatively
slight alteratioos in the structure of typical eDzymes or antibodies when their
specific activities are destroyed or in the virus when its infectivity is destroyed.

7.33 KEczKowsKI, A. & (GoLD, A. H.) (1962). Effe.ts of ultra-violet radiation
on antigenicity of horse serum albumin: formation of new determinaDts'
P hotochem. Photobiol. l, 299.30/..

Structur4l alterations in horse-serum atbumin caused by ultra-violet radiation
resulted in disappearance of the original determinants and in formation of new
determioaots. There was, however, enough simitarity between the original and
the new determinants for antibodies produced by the new determinants to show
a weak amlrity to the non-irradiated albumin. Only weak antisera were produced

by injecting rabbits with extensiyely iradiated albumin.

7.34 L^cay, M. E. (1962). The summer air-spora of two contrasting adjacent
n$al sites. J. gen. Mictobiol.29, 48l50l.

The air in a valtey near a stream and in an exposed site on a small hill at Silwood
Park, near Ascot, Berkshire, was sampled from 14 May to 25 September 1958

at half a meter above the ground by a Hirst automatic volumetric spore trap.
Seasonal periodicities of 26 categories of fungus spores and 7 categories of
potlcn grains are given as Gday running means of thc daily average number of
spores per cubic meter of air. Estimated hourly concentrations of spores for 6
consecutive days are givcn for three fungus spores types and two polleDs'
The diumal periodicity is given for these groups. There were 2'6 times more
spores at site S near the str€m than at the exposed site M. There were 4'9
times more spores of ascomycetes at S thatr at M, 3 times as many spores of
basidiomycetes but ouly l'4 times as maDy from fungi imperfecti. The pro-
portioo of the different tlDes of spores at the two sites difrered; l4yo of sporcs
at S were from ascomycetes, 7)1 at Mi 17'5% of those at S were from fungi
imperfe,,ti aod 32Y. of those at M. Tree pollen grains were €qual in number at
both sites, but there was 2'8 times more Srass pollen and 6 5 times more weed
pollen at S than at M. Urtica polten was 8'l times as common at S and made up
SS% ot the total pollen in that area, but otly 241 of the total at M, mainly
b€cause of the local abundance of nettle plants. The results suggest that the
ecology of an area has a major influence on its air-spora tkough local flora
and micro-climate.

7.35 LACBY, M. E. & GREaoRy, P. H. (1962). Occurence in Britain of the
fungus causing facial eczema in sheep. Nalwe, Iond.l93,85.

Pithomyces chartarum (B,etk, and Curt.) M. B. EUis (sy[. Spoidesmium bakei
Sydow.), the saprophytic mould whose toxin causes facial eczema of sheep in
New Zealand, was flst seen in this country on a Hirst uap slide froE the
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Imperial College Field Station, near Ascot, B€rks, for 7 July 195g. In September
196l spores were found in the air in several arqrs in Surrey and Berkshire.
The fungus was subsequently found on IIo lcus lanarus debris neir Virgin ia Water,
Surrey.

7.36 LA"wooD, D. H. (1963). potato haulm resistance to phytophthora
i festa s. lV. Laboratory and field estimates compared, and furttier field
analyses. ,4an. appl. Biol.5l, lH&

Haulm susceptibility to Phytophthoru infestau (Mont.) de Bary of 14 widely
differing potato varieties was compared in laboratory and field tests with thi
maincrop variety Majestic as a standard- These two tests gave similar results,
except that the early varieties Vioh and Arran pilot were more resistant in thi
laboratory than in the field.

The sequence ofinfection within the crop canopy was the same in susceptible
and resistant _varieties, starting first mainly on the lowest leayes on the stem,
then the middle and finally the uppermost. This sequence was lost when haulm
became prostrate. Varieties differed in the rate thatinfection spread and leaves
were destroyed, some being attacked more rapidly, and othirs more slowly,
than Majestic.

In the field the fungus spored on different varieties as io the laboratory test;
the annulus was wide and sporulation inteqse on susceptible varietie;, bui
narrow and sparse on resistant ones,

7.37 Tnr.tt.lr, R. D. (1961). Cochtiobolus sativus. ly. Drug_resistant, color,
and nutritionally exacting mutants. Canad. J. Bot.39, tAS_nU-'

Auxotrophic mutants of Cochliobolus satiyus .were obtained from survivors of
ultra-!'iolet radiation by a modified total-isolation technique. Five or six hx,hal
tip isolations made from each survivor were tested for nutritionat deficieniies.
4tough O.+S% of the survivors lelded auxotrophs, only about one_third of
the hyphal tip isolations from these surviviors wire auxoirophic. Apparently,
mutation in a multinucleate propagule resulted in a heterokaryotic culiue, and
only some of the isolations from a culture were homokaryoticior the mutation.
Some of th€ mutants were morphologically distinct from their parent and one,
a methionineless strain, had white spores. Results indicated that recurent
requirements for growth occurred at dilferent mutational sites.

A strain resistant to the antibiotic anisomycin appeared as a spontaneous
mutation. This strain gxew at 1,500 and its spores girminated at i,750 ppm;
wild-t1,pe isolates grew only at ?5, and tieir spores germinated at 160 ppm of
the drug. The resistant mutant was pathogenic to wheat seedlings.

7.38 WATsoN, M. A. (1962). Yellow-net virus ofsugar beet. l. Transmission and
some properties. lna. appl. Biol. fi,4514(f.

A virus found in sugar beet in England causes similar symptoms to the Cali-
fornian virus called yellow-net (yfw) by Sylvester (1948). It persists in rhe
feeding vectors for at least 7 days. The minimum feeding time needed for aphids
to acquire virus from infected leaves was 6 hours aod ihe minimum needid to
acquire and transmit was 12 hours, but ability to transmit was greatly iDcreased
by increasing feeding-time up to 2 days on infected and 24 h-ours tn heatthy
plants.-These propenies agree with those of the American virus. Experiments
using diff€rent aphid numbers feeding for constant times suggested thit suscep-
tibility of sugar beet to infection varies, and this may accoiit for some of tfre
delay in infecting healthy plants.

_ _YlY l-^_q9g9ryqlnied in beet by a s€cond virus, yellow-net mild yellows
(YflMYD. YNMYV did \ot inlect Nicotianq cletelandi Gtay or N. bidto*,
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which are susceptible to Y}.IV, but from which YNV could not be recovered
by aphids. Neither yirus is raDsmissible by inoculation with sap from infected
plants. It is suggested that YNMYV is a "carrier" virus, without which YNV
caonot b€ ransmitted. Possibly it combines with YNV to form an aphid-
transmissible combination, but it may merely help YNV to invade sugar beet.
yNMYV caus€s similar symptoms and has similar properties and host range
to other virus€s that cause mild yetlowing diseases of sugar be€t, including
aviruleDt suains of beet yellows virus (BYV), kish mild ye ows (IMSD and
"41 ye[ows" (4lYD. No such virus has been reported associated with Yl.Mn
America, and possibly it is peculiar to the British isolat€.

Nemrtology DePartuent

BmKs

8.1 GooDEy, J. B. 0963). I-aboratory methods for work with plant and soil
,Ernotodes. (Tech. BuU. Min^t. Agtic., Iond. No. 2), 4th edition of bultetitr
originally by T. Goodey, 1949. Irndon: H.M. Stationery Omce. (In the
press.)

8.2 GooDEy, '1. (1963). Soil and freshwater nerralodes.2nd odition revised by
J. B. Goodey. Irndon: Methu€n, 544 pp.

In this revised edition the class Nematoda is divided into ten Orders covering the
nematodes fouod in soil and freshwatcr. The binary division into Phasmidia and
Aphasmidia, or Secernente and Adenophora, is discarded. A short s€ction on
techniques and the general structure of a nematode is followed by a detailed
classification down to genera. For each genus a representative species is described
and figured (ofteo the type species) aud a complete list of other spe.cies in the
genus and their synonyms is given, 

,
fHEsEs

8.3 BLAK4 C. D. (1952). Some aspects in the host parasite relationships of the
stem nematode, Dilylerchus dipsaci in oats. Ph.D. Thesis, UniYersity of
I-ondon.

8.4 WEBsrm, J. M. (1962). Studies on the biology of the narcissus strain of
Ditylenchus drpsaci (Nematoda) in the host plant and in the soil. Ph.D.
Thesis, UniYersity of l-ondon.

GENERAL PAPIRS

8.5 DoNcAsrER, C. C. (1962). PredatoB of soil nematodes (Fikn). Parasitology
52, l9P Abstr.

8.6 GooDEy, J. B. (1962). The preparation of figures for illustration ir Nema-
lologi(,- Nerrarolog ica, 8, 80-8!.

8.7 JoNEs, F. G. W. (1962). PtaDt nematod*. Sci. Progr. 50, 550.567.

8.8 PEAocx, f. E. (1962). The chemical control of plant-parasitic nematodes
by soil fumigation. N.A.A.S. quart. -Rer,. No 57, 3'l-45.

8.9 PE{cIEy, J. E. (1963). Chemical soil stltilisa'tior., Smollholdcr 108, Q732),
24.26.

8.10 PEAcrEf J. E. 0963). How chemical soil sterilisation can help crops.
S nallho lder l0a, Q7 33), 25.
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8.ll WAl.ucr, H. R. (1962). The future of nematode ecolo$/. J. porasit. S,
84G849.

8.12 WEBSTER, J. M. 0962). The spread of the stem and bulb eelworm (Diy-
lenchus dipsaci) poputration itr iarci*srrs. Parositology 52, l2-13p. Abstr,

Rrsr,mcu Peprns

8.13 BLAKE, C. D. (1962). The etiology of tutp-root disease in susceptible and
resistant varieties of oat infested by the stem nematode Ditylelchus
drpsaci (Kiihn) Filipjev. I. Invasion of the host and reproduction by the
nematod,e, Ann. oppl. Biol. 50,703-712-

The number of pre-adutt lar!?e of ,irl lerchus dip$ci that invaded seedlings of
the oat vaiiety Sun II growing in sand was linearly related to the number of
larvae in the inoculum. In seedlings growing on pads invasion rates were higher
but were Iimited to about 200 nematodes p€r plant, The respeative numbers of
larvae invading the susceptible varieties Sun II and powys and the resistaot
varieties Manod and Pennant were not significantly different after 3 days,
Reproduction occurred in the susceptible iarieties, but after 28 days the number
of nematodes per plant in the susceptible varieties was about double that in the
resistant ones. When the resistant variety Maood was iofested at germination
331 of the seedlings were killed after 14 days compared with 45% of the suscept-
ible variety Sun II. More larvae invaded the ps€udostems than the root systems
and reproduction occurred oDly in the pseudostems. Oat and luc€me seedlings
were invaded by larvae of both the lucerne atd, oatracB of D. dipsaci,but onty in
the compatible host did reproduction occur.

A method for classifying plants attacked by stem nematodes is proposed based
on the reaction of the tissues and the multiplication of the nematode within
them.

8.14 BLAKE, C. D. (1962). The etiology of tulip-root disease in susceptible and
resistant varieties of oats infested by the stem Dematode DitylenchuE
dqsaci (Kiihn) Filipjev. II. Histopatholory of tulip-root atrd development
of the nematode. ,{rrn. appl. Biot- 30,713-722.

Ditylenchus dipsaci caused cells to enlarge and separate in tissues of the suscept-
ible oat variety Sun II. Cytoplasm was withdrawn from the cells, the walls of
which collapsed to form a cavity around the nematodes. In the resistant varietv
Manod separation and hypertrophy were slight, but cltoplasm was withdrawn
and cavities formed similar to those in Sun II; hyperplasia or necrosis was not
seen.

The body and gonads in nematodes from Manod plants were shorter than
from Sun II, but the de Man ratios and the ratio of males to females were the
same, Fouith-stage larvae matured to adulE more slowly in Manod seedlings.
Nematodes grew by a series of steps caused by alternating periods of slow groEth
before a moult and rapid growth afterwards. In Manod D. dipsaci gei more
slowly, but the form of the groMh curve was as in Sun II. Gonads iengthened
rapidly and continuously during the late fourth larval and early adulistages,
and especially during the period before the fourth moult when body length
stopped iooeasing.

8,15 BLAKE, C. D. (1962). Some observations on the orientation of Ditrlenchus
drpsaci and invasion of oat seedlings. -ly'ezatologica 8, 177-192,

In sand fractions with particles of diameter larger than 150 p, the speed Dirl_
lenchus dipsaci larvae migrated was closely corelated with the number thit
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inyaded oat se€dlings within 3 days of inoculation. Migation was fastest and
invasion rates highest at the flex point of the moistue characteristic of each sand
when the pores were draining.

IIr either sand or aseptic conditions on agar, larvae accumulated around
seedlings even when the larvae were separated from the seedlings by dialysis
membranes. In the rhizosphere larvae appeared to orientate along a coocentra-
tion gradient of secretions from the plant, whereas elsewhere they moved at
random. Not all the larvae that arrived at a root stayed there. Ac.umulation
depended on fewer leaving ttran arriving ard also oo the moisture content of the
sand. Iarvae belonging to the oat, red clover, luc.erne and daffodil races were
attracted to oats, and most accumulated at the "root-stem junction" of oat
seedlings.

8.16 CoRBETT, D. C. M. (1962). The ocaufience of Cico emoides macrodorum
Taylor, 1936 in Cenl,al Afuic2. Nematologica 8, 776.

8.17 DoNcAsrER, C. C. (1962). A countirg dish for nematodes - Nematologica
7,258.

8.18 DoNcAsrER, C. C. 1J962). Sealing microscopical water mouDts with soft

'* ax- Nematolog ica 7, 33+336.

8.19 DoNcAsrER, C. C. (1962). Nematode feeding mechanisms. l. Observations
on Rhabditis and Pelodera. Nematologica 8, 313-320.

O€sophageal structure of RhqMith (Cephaloboides\ orycerca aIJLd Pelodera
(Cruznera) lamMienr$ was studied from sections and whole mounts, aqd ch6-
films were used to study the feeding mechanism. Water, with suspended food
particles small eoough to pass through the stoma, is drawn as far as the fore end
of the isthmus by sudden dilation of the pro-corpus and median bulb. Closure of
the lumen in these regions expels excess water, and the accumulation of food is
passed steadily backward by a wave of contraction of the radial muscles of the
isthmus. Particles are drawn between the posterior bulb flaps by dilation of the
haustrulum and are passed to the intestine by closure of the haustrulum aod by
dilation, fotlowed by closure of the oesophago-intestinal canal. The bulb flaps
may contribute to the closure of the iolet valve to the haustrulum, but they also
compress food particles when they invert, and some particles are thus ruptured.

8.20 FENwrcK, D. W. (1961). Estimation of field populations of cyst-forming
nematodes of the genus llelerodera. J. Eelminth., R. T. Leiper Suppl.
63-76.

Fields differ greatly in density of infection with cyst-forming nematodes aDd
also in the uniformity of distribution. Composite samples from fields should be
made up of 25-100 borings: the increase in precision by taking more tlan this
is rarely justified. The accuracy of an estimation based on samples taken in this
mamer varies and camot be forecast beforehand. If a predetermined level of
acruracy is desired preliminary samples should be taken to estimate heterogeneity
and the final sampling should be based on this preliminary estimate.

8.21 FRANKTTN, M, T. (1962), Preparation of posterior cuticular pattems of
Meloidogyne spp. for ideDtif,cation. Nematologica 7, 33G337.

For qitical examination of the posterior cuticular pattems of Meloidogyne
sp€cies infested roots can be procesed in several ways. Treatments that would
grossly distort most Dematodes can be used to prepare specimens for spe{ies
determination.
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8.22 FRANK N, M. T. & HoopER, D. J. (1962). Bursaphelenchus fungivorus
n. sp. (Nematoda: Aphelenchoidea) from rotting Gardenia buds infected
with Botrytis cinerea Pers. ex Fr. Nematologica 8, 136-142.

Bursaphelenchus fungivorzs n. sp, is described and figued. It readily reproduces
on cultrnes of Botrytis cinerca from rotting Gardenia buds in which it was
found. Its larval $tages and rate of reproduction are described.

8.23 FxaNrcrrN, M. T. & SrDDler, M.R. (1963). Aphelenchoides ttitialis t- sp.
from South India. , /anatologica 9. (In the press.)

Found in soil around coffee roots, this new species differs from other sapro.
phagous aphelenchs in the relative body dimensions and in having a loDg,
reflexed ovary. Males not found.

8.24 Gooorl J. B. 0962). Tylenchus (Cephalenchus) megacephalus n. sbg.,
D. sp. Nematologica 7,331133.

Tylenchus (Cephalenchus, megacephalus has an offset, rounded head, coarse
annulation, six incisures and no lateral, whal flaps.

8.25 GooDEy, J. B. & HoopER, D. J. (1962). Observations on the attack by
Ditylenchut dipsaci on varieties of oats. Nematologica 8, 33-38.

Biotypes of the oat race of D. dipsaci may ocrjr,r. in Britain, Resistant Milford
oat seedlings were invaded, but no typica[ tulip-root symptoms developed,
although some seedling$ were kitled. Resistan@ iocreases with age of the host.
About 1214 of 145 oats tested were resistant and another 8% partially so, The
factors for resistance can possibly be traced back to Ayena byzafut a.

8.26 HARRrsoN, B. D. & HoopER, D. J. (1963). Longevity of Longidorus
elongatus (d,e Man, 1876) aDd other nematodes in soil kept in polythene
bags- Nematologicq 9. (In the press.)

Adldlt L- elongatus survived better than larvae wheo moist soil was kept in bags
without plarts for 29 months at about 18"C. Most survivors were able to feed
on cucumber roots. Other surviving nematodes included Pr4tylenchus crcnatus
ar;d Ty Ie nc hor hynchus dubi us -

8.27 HESLTNG, J, J. & PEACTEY, J. E, (1963). Experiments on the control of
chrysanthemum eelworm by physical and chemical treatment of chrysan-
themum $tools. Plant Path.l2. (In the press.)

Chemical and physical treatments were applied to chrysanthemum stools to
cottrol Aphelenchoides itzemabosi- Hot-water, parathion and iodine in potas-
sium iodide were the most efrective, but this formulation of iodine was phyto-
toxic, and treated stools produced fewer cuttings than usual. Cuttings taken from
treated stools grew normally. Thorough washing of stools did not consistently
coDtrol the infestation, suggestiDg that succ€ss depends on killing e€lworms with-
in plant tissue.

8;28 Hooeer, D. J. (1962). Three new species of Trichodorut (Nematoda:
Dorylaimoidea) and observations on T. minq Colbran, 1956.
Nematologico 7 , 273-280.

Trichodorus cylinfuicus n. sp., I & 6, an,d T- teres n, sp., I are described from
lieht sandy English soils. T. borneoensis n. sp., I & d, was found associated
with roots of Manila hemp from North Bomeo. The original description of L
,r,zor Colbran 1956 is amplified, using specimens associated with sugar-cane
roots from Queensland, Australia.
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8.29 JoNEs, F. G. W. (1962). A note on Graqek's ratio for the separation of
Hetercdera rostochiensk W. and 1L tobacum L & L. Nematologlca 7,
256-258.

Although Granek's ratio would rarely fail to distinguish betwe€E Connecticut
tobacco cysts and Irng Islatrd potato cysts, it would often fail to di.fferentiate
b€tween tobacco cysts and potato ctsts from Britain.

8.30 JoNrs, F. G. W. & GANDER, M. C. (1952). A bioassay for Heteroderu spp.
without counting cysts or larvae. Nenarologica 8,19-50.

C:.st batches of approximately equal size for use in bioassays cao be set up with
a simple pip€tte, and the larvae that hatch from them can be assessed by absorp,
tiomctry, which saves the time and tedium of counting both cysts and larvae, In
atr experiment on the use of charcoal to recover the hatching factor from potato-
root diffusate the results of bioassals by this method agreed rvell with those
based on counts.

8.31 Jo\Es, F. G. W. & NRULA, K. K. 0963). Hatchiog tests and counts of
primary galls in assessment of nematicides against Meloidogyne spp,
Plant Path.12. (In the press.)

Hatch of Meloidogyne eggs was bhibited by 0.1-lM sucrose and urea and by
methylisothioclranate at 10-100 ppm. After traDsfer to water there was no hatch
after lM-urea, a small hatch after l0 ppm methylisothiocyanate and a larger
oae after lM-sucrose. Some eggs seemed alive after 2l days in l0Oppm methyl-
isothiocyaDate,

Counts of galls on root systems of tomato plants were unaffected by root size
and followed closely the number oflarvae in the roots, except where the inoculum
was large and produced multiple galls, The proportion of larvae established after
7 weeks fell from 35% at the smaUest inoculum to 2% at the largest.

Both tests are satisfactory for nematicide testing, but may underestimate
mortatity when hatching is delayed and the kill not immediate. The hatching test
detects powerful inhibitors within 4-10 days.

8.32 JoNTs, F. G. W. & PawE6KA, K. (1963). The behaviour of populations of
potato-root ee.lworm (Hetercdera rostochiensis Woll.) towards some
resistant tuberous alld other solanums. lru. appl. Biol. 51,269-276.

Forty-seven British populations of potato-root eelworm (Heterodera rosto-
criel,.ri, were tested for ability to form cysts on plants with resistance derived
from Solanum tuberosum spp. andigena, S. muhidissectum, S. vernei, S. sanctae-
rosae. S. famatinae and S- x juzepczukii and on S. ,ti{um, S. sarachoides and
Nicotiana spp.

The potato variety Arran Banner was used as the standard susceptible host,
and the number of cysts formed on the resistant plants in pot tests was expressed
as a percentage of those formed otr Aran Banner or assessed visually from the
cysts obs€rved on the outside root mat. Cyst production on andigena hybids
ranged from less than l% of those oo Arran Bamer to slighdy oyer l0or,4.
About half of the populations produced 107, or less, and populations of this
lyrP- aglli,Jst which andigeio resistance would be effective were especiatly com-
mon in South-East England and Northem Ireland. Cyst productiol olfanatirae
hybrids, a race ofS, nigrum fiomE,asl Ger,Ja y, S. miniatum ar].d S. sarachoides,
res€mbled that on arrdrSera hybrids- Cyst productiot on muhidissectum hybrids
varied less, and only a few populations produced less than l0% and none less
than 39d of the cysts on Arran Banner. S. vernei wa-s highly resistant to all but
about 5% of populations, and a race of S. /ligrrm from Rothamsted r?s resistant
to all tested.
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In selection exp€riments the proportion of females able to complete develop-
ment incaeased when andigena hybrids, S. remei or S, nigrum were grc\\\
repeatedly in the same inoculum. Increase on S, vemei was sloq the pattem of
ir,cr(as€ on a,rdigena suggested recessive inheritaDce, but this could not be con-
firmed, and increase on S. ,ti8.ran was more rapid, suggesting different genetic
mechanisms for r€sistance and resistanc€-breaking in the three types of plant.

8.33 Lu're, M. B. & SDDrar, M. R. 0963). Boleodorus vorrrzr n. sp. (Nema-
toda; Nothotylenchinae) found in the soil about grass roots in England.
Nematologica 9, 19J,3.

Boleodorus volutus D. sp. found associated wi& grass roots in Eogland is
described and figured. 8- rolutus difrels from other species of the genus by
becoming spiral when dcad, and by possessing wide oblique amphid apertures, a
shorter stylet, a wlva located more posteriorly and a tail with rounded termhus.
Doubt is expressed on the inclusion ofB. clavicaudatus'I\ome, l94l in the genus,

8.34 PEACHEY, J. E. (CorrrNcwmD, C. A.) & Rao, c. N. (1963). Control of
potato-root eelworm in a glasshouse soil with a formulation of methyl
isothiocyanate. Plant Path.12. (In the press.)

A formulation of 201 methyl isothioclanate in xylol ('Trapex", "Trapeide")
*as applied at 125 ml/m, to plots of glasshouse soil heavily infested with
potato,root eelworm 34 days before planting with tomatoes. "Live eggs",
hatched larvac, larvae in roots and laryae in soil aftcr treatment, and "live eggs"
after harvest werc counted. Counts of "liye eggs" undercstimated kill, but other
assays agreed with e3ch other. Injection gave a 93-991 kilt and was superior to
surface sprinkling of the sterilant and sealing with waterproof paper, which gave
a, kill of 82-851. Plant height and tomato fruit production were increased by
treatment, especially on injected plots, where 24 tons/acre more fruit was
produced than from untreated plots. Nooe of the treatments injured the tomato
plants,

8.35 PEAcrcy, J. E., GANDER, M. C. & (Members of the NatioEal Agricultural
Advisory Service) (1963). Chemical coDtrol of potato-root eelworm in
glasshouses: experiments in 1961. Exp. Ilort. No. 9. (In the pross.)

Thc standardised evaluation of four soil sterilants applied to replicated random-
ised plots in eight glasshouses showed that except in a Lancashire moss soil,
dazomet (85y" dust formulation of dimethyl tetrahydrothiadiazire thione) at
* lb/100 sq ft contolled potato-root eelworm better than MIC Qil methyl
isothiocyanate in xylene) at 2 pints/100 sq ft, metham-sodium (321 sodium
methyl dithiocarbamate) at 2 pints/100 sq ft or "D-D" (dichloropropane-
dichloropropene) at I lb/100 sq ft. Dazomet was mixed with the soil, whereas
the other chemicals were inject€d. Hatching tests aud counts of larvae in roots
or cysts on the root mat of the potato plants gown in soil samples agxeed in their
estimate of the best treatment-

E€lworm attack was correlated with root weights of the pot-grown indicator
plants used in the root invasion assay, but tomato crop responses following
treatment were not specifcally related to eelworm cootrol b€cause of variations in
the biocidal activity of the chemicals, cultural practices and incidence of dis€ase.

8.36 PE cHEy, J. E. & HoopER, D. ,. (1963). Chemical treatment ofquarantined
banana stocks infested with plant parasitic nematodes. Plant parh. 12.
(In the press.)

Helicotylenchus dihystera, Radopholus similis ar,d Meloidogyne spp. were found
infesting quamntined banana stocks held at the Royal Botanic Gatdens, Kew,
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Eneland. Dipping peeled "sets ' in nematicidal chemicals and applying dibro'
mochloropropane ("Nemagon") at intervals to the Srowing plants in pots checked
the infestations and promoted healthy root gro$th.

8.37 PEAcrDy, J. E., RAo, G. N. & Cr p}r,c.N, M. R. (1963) Field tests on
experimental and commercial soil sterilants against the potatoroot
eelwotm, Eeterodera rostochiensisWoll, Ann. appl. Biol.,5l. Qn the press.)

Five experiments were done on sandyJoam containing l2y" clay. Methyl
bromide, "DD", metham-sodium, dazomet, methyl isothiocyanate and ssveral
experimental compounds were applied at different doses and in diffcreot ways.
Assays of live eggs, hatched larvae, larvae in roots or cysts formed on the root-
mat of potato iqdicator plants and counts of nematodes frc€ in the soil sel€cted
the same treatment as the most efectiYe.

8.38 PEAcrEy, J. E. & (wINsLow, R. D.) (1952). Effects of soil tr€tmelts on
populations of soil nematodes and on carrot crops grown for two years

afi.et tre lfrefi. Nematologica 8,7 5-79.

Sodium methyt dithiocarbamate, methyl bromide, methyl bromide plus chloro
picrin, dimethyl tetrahydrothiadiazine thioDe, dichloropropanedichloropropene
and ethylene dibromide klled soil nematodes iricl]udi'J,g Prutylench!$ and other
non-cyst forming tylenchids in light sandy soil at thc Royal Horticultural
Society's Gardens at Wisley, Surrey, England. Improved yield and quality of
carrots grown on land treated with methyl bromide or methyl bromide plus
chloropicrin were attributed to the partial sterilisation effect of soil trcatment
and Dot to tlle elimination of the nematodes.

8.39 PErms, B. G. (1961). Helerodera rostochiensis population density in
relation to potato growlh. J, Helmilth., R. T. Leiper Suppl., 141-150.

By exposing potato pLants in pots to a graded series of inocula of cysts of
Ileterodera rostochiercrr effects on the plant host were studied in terms of growth
of shoots and tubers. Iarge inocula lesscn both severely, but plants grown in a
very small inoculum were larger than uninoculated controls.

The smallest inocula gave the largest multiplication, but the greatest popula-
tion came from a moderate inoculum. Thus, the kind of inocrrlum that would
stimulate crop yrelds would also lead to a large eelworm population; largest
potato yields were associated with an eelworm multiplication factor of about
teo-fold.

8,,() S!fiprERD, A. M. (1962). Larval emergence in pea root eelworm, .faerero-
dera giittingiana Lieb*ber. Nenatobgica 7, 1,1-15. Abstr.

All attempts to hatch larvae from cysts of H. giittin&iana in vitro failed. A study
of hatching under a host crop, a non-host crop and in fatlow soil in the field
showed that 1{. gdrliagiaru beha\ed like H. rostochiensis. More larvae of both
species emerged under the host crop than under the non-bost or in fallow soil,
showing that host roots stimulated hatch.

8.41 SHEpnxRD, A. M. (1962). New blue R, a stain that differentiates between
Iiving and dead nemalodes. Nematologica 8, 201-208.

New blue R stains the body contents of dead Tylenchida from pale mauve to
deep purple, but not living nematodes, The dye is water soluble and non-toxic;
the method is simple aod requires no sp€cialised apparatus. Dead individuals of
Meloidogyne, Ditylenchus, Aphelenchoides, Aphelenchus atd Anguina stain after
l-24 hours in 0'05% new blue R, The simplest method for Ileteroderu is to stait
cysts for a r^,eek and then to release the €ggs in water. If the egg suspension is
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left to stand for a few hours the egg-shells then lose the stain. Stained and un-
stained larvae ioside the eggs can then b€ couoted using a magnmcation of about
x 50. With all these geneEr any nematode which has taken up the stain, either
partially or completely, may be considered to be either dead or dying. Tests with
new blue R have shown it to be reliable and less subjective than preyious staining
methods.

8.42 SEPHERD, A. M. (1962). Dyes as artificial halching agents for be€t
e*lworm, Eeterodera schachrii f*hm. Nature, Innd. 196, 391-j92.

Tests with 70 dyes from 16 dye-groups showed large differences in their ability
to affect hatching of II. schachtii. Solutions of several dyes giye hatches as great
as that from a standard beetroot diffusate; others stimulate hatch less but give a
significantly greater hatch than water, and many are inactive. Hydrophilic
radicals attached to the benzene nucleus seem to lessen actiyity, These arti-
ficial hatching agents appear to be active at similar concentratioDs to tle Datural
hatchiog factor for IL rostochiensk.

8.43 SIDDIeT, M. R. (1962). Ingidorus tarTazi n, sp. found around oak roots iu
Floida. Nematologica 8, 152-t56.

Longidorus tarjani n sp. collected around oak roots in Florida has a knob-like
head, a sheath-like spear guide ring located much anteriorly, a very loog spear
(1711-187 p) and a conoid-rounded tail about one anal-body-width long.

8.44 STDDIeI, M. R. 0963). Tichodorus spp. (Nematoda: Trichodoridae) from
Tunisia and Nicaragua- Nematologica 9, 69-:15.

Trichodorus t nisie,sis t. sp. found around roots of SerDar,la sp. in Teboulba,
Tunisia, has a distinct ventral overlap of the oesophageal bas€ and intestine. It is
close to 7. teres Hoopet, 1962, differing in the shape and size of vaginal sclero-
tisatioD, presence of spermathecae aod shape of tail end. Males and females of
T. nanus amd T. minor haye beea found in Tunisia and Nicaragua respectively.

8.45 STDDIaI, M. R. (1962), Trichodorus pakistanezn's n. sp. associated with
mulberry trees in Hazara District, with observations on T. porosus
Allen 1957, T. minor Colbtat 1956, and T. mirzai Siddiqi 1960, froru
lndia. Nenatologica 8, 193-200.

Many Trichodorus pakistanensis n. sp. were found around mulberry roots in
Haripur and Abbottabad (Hazara District). It is characterised by a long body
(about I mm), long buccal spear (39-48 p) and by the male having three ventro-
median oesophageal papillae, of which ooe is located behhd the excretory pore.
T. porosus al]ld 7. ,nr'rror were found for the fust time in India around pear and
potato roots respectively. T. minor was also later found around pear and sugar-
caDe roots. T. bucrius Lordello & Zarntth, 1958, is coDsidered a slnooym of f.
porosus AJlen, 1957. T. mirzai also occurs arouDd sugar-qrne roots in south
India.

8.46 SIDDIaI, M. R., HoopER, D. J. & (K[{AN, E. U.) (1963). A oew nematode
gerts Paralongidorus (Nematoda: Dorylaimoidea) with descriptions of
two new speries and observations on Parolongidorus crrr, (Siddiqi, 1959)
n. comb. Nematologica 9, 7-14.

Two new species are described, one from India the other from Australia and
India, which have a stylet and guide ring similat to Longidorus ll/iicoltezky , 1922,
but the amphids are funnel to stirrup-shaped with wide slit-like apertures resemb.
ling thoge of Xiphinema Cnbb, 1913. Paralongidorus n. g. is proposed for these
aod, Iangidorus cnri (Siddiqi, 1959) Thome, 196l is included in this genus.
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The type sp€cies P. rari n. sp. has conspicuous amphid apertures, funnel-shaped
amphid pouches in lateral view, a narrow lip region continuous with the body
contour and a short round tail. P. sacciari n. sp, is larger than P. Jall its amphid
ap€rtures extend almost across the head aod the pouches are stirrup shaped; the
tail is dorsally convex, roundly conoid about half an anal-body-width long. A
hemizonid has been seen in both species, the 6rst repon of this structure in the
Longidorinae. The body of one female of P. rali was filled with "spores" probably
of a sporozoan.

8.47 SDDrer, M. R. & (SourHEy, J. F.) (1962). Criconema palmatum
n. sp. (Nematoda: Criconematidae) from Nonh Devon, England.
N e ma t o I osi ca 8, 221 -224.

Criconena pqlmatum was found in soil around strawberry roots at Combe Mar-
tin, Devon. It is remarkable io having eight scalelike, palmate outgro*,ths of
each My annule, bearing three to six spines. Thes€ outgroMhs altemate more
or le.ss regularly on successive annules. There are 5G-57 annules on the body, the
excretory pore is on the nineteenth annule, the sp€ar is 7&-84 p long and the
vulva on the seventh annule from the hind end.

8.48 WaLLACE, H. R. & GRET, D. N. (1963). ObservatioDs on the taxonomy
an.d biolory of Tylenchorhynchus macrurus (Goodey, 1932) Filipjev, 1936
urd, Tylenchorhyttchus icants n. sp. Parasirology. (|tr the press.)

The large and small forms of Tylenchorhynchus macturus are distinguished as
T. icarus D- sp. and L macrurus respexl.iyely. The oxygen consumption of both
species is similar when assessed in terms of body surface area. Soil samples in the
field iodicated that: (a) greatest concentrations of f. icarur occurred at about 5
cm depth; (6) few occurred below 24 cm; and (c) numbers in the top 5 cm were
correlated with raiofall. f. icar,rJ migrates to the wet end of a moisture gradient,
has maximum mobility in soil at about 6eld capacity and at 20. and survivcs
osmotic pressues of 22.4 atmospheres in lM-urea for 4 days. Oxygen consump-
tion increased with increasing osmotic presure, but in lM-urea there was a
decline which was even more prooounced in 2M-urca. Thirty-five per cent of a
population of T- icarut survived for 32 weeks in soil without plants. In damp
sand at 10' oxygen consumption of the nematodes remained steady for 16 weeks,
but by 32 weeks it had decreased, and after 48 weeks the nematodes were dead.

8.49 WEBSTER, I. M. (1962). The quantitative extraction of Ditylenchus dipsaci
(Kiihn) from plant tissues by a modified Seinhorst mistifier. .rYerzarorogica
a, ul25l.

Experimenls showed that the eelworm loss from the collecting tray of the
modified Seinhorst mistifier increased with time and that the eelworms escaped
mainly in the surface currents, Eelworms were successfully extracted from sliced
trarcissus bulbs and from chopped, fresh and dried narcissus leaves. The particle
size of the choppcd leaves lyas not critical. Extraaion for 48 hours recovered at
least 85% of the eelworms and there was a low inter-replicate variability.

Insecticides rnd Fungicides Department

Grxgnel Plprns

9.1 BARDNE, R. (1962). Some factors afrecting the toxicity of systemic
ins€cticidal seed dressings. XI. I enationaler Kongress fiir Entomologie,
Wien (196O), fi, 5s8-563,
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9.2 BARDNER, R. (1962). Results of experiments with systemic iusecticidal seed
dressings. Poc. Btit. Irrsect. Fung. Conf. Brighton (1961'), 6l-46.

9.3 SAwrcKr, R. M. (1962). Action synergetique du Safroxan et du pip€rooyl
butoxyde avec les pyrethrines. Feuilles d'informations du Comi6 franqais
pour I'itude des Applications des Pyrithrines No.7, 8_l9.

RTSEARCH PA"ERS

9.4 BARDNER, R., I,RD, K. A. & SoEy, S. R. B. (1963). A cholinesterase
inhibition method of determining the distribution of organophosphorus
insecticides in soils. Chem. & Ind. 12T124.

The distribution of organophosphorus insecticides in soil profiles can be deter-
mined by allowing the insecticide to diffuse ioto a thin fiLB of gelatine supported
oq a glass plate, A preparation of insect esterases on filter-paper is applied to
tie gelatine surface and allowed to react with the iEecticide, which inhibits
esteras€s. A chromogenic subshate (indoxyl ac€tato is then applied to the
paper and is colverted to indigo, where the enz]me is not inhibited. The method
was used to detect the spread of phorato and dimethoate from treated seeds
and deterted as little as I part in 10,000 of the parent compound.

9.5 (HARRIES, J. M.) & PorrER, C. (1962). Ctange offlayour ofpotatoes growtr
on different soils treated with insecticides. Exp. Eusbandry No. 8,23-29.

With potatoes as a test clop to assess change of flavour after using soil insecti-
cides, the results were:

l. Aldrin at the rate of 4 lb/acre caused no change in flavour on any of the
three soil t,?es or with any of the crop rotations.

2. Dieldritr at the rate of 4 lb/acre only affected flavour on the light sandy
loam. The change, though deleterious, was slight- No effect of crop rotation
was detected,

3. Lindane caused a change of flavour regarded as deleterious with both
rates of application (l lb/acre and 1+ lb/acre) on all the soil types. The per-
sistence and intensity was irflueoced by the soil type, and was greatest io
tight sandy loam and least in healy clay loam. There was some eflect of
crop rotation, and the taint was slightly lessened by gowing cereals before
potatoes.

9.6 LAsr, F. T. (1962). Amlysis of the effeats of Erlrrpre gruminit DC. o\ the
gowth of barley. lm- Bot-, Lond. N.5.26, n9-289.

Three barley varieties, Plumage Archer, Proctor, and Haisa II, inoculated soon
after emergence with Erysiphe grsmini$, ths cause of powdery mildew, grew and
yielded less than barley repeatedly sprayed with lime sulphur.

Size of roots was affected more than tops, so the dry-weight ratio of root/total
plant was deqeased. The smaller tops reflected fewer shoots, which, later, were
also smaller than o.l sprayed plants.

Decreases in leaf area paraueled decreases in dry weight of tops. Powdery
mildew affected the balance betwe€n the absorbing s,$em and the assimilating
and t.aGpiring system by decreasing the average &y weiefit of roots per u{t
leaf area from 0'92 to 0.63 mg/cm'. Disease also deqeased the efficiency of unit
leaf area; from t2 to 68 days after inoculation the mean net assimilation rate
was 226'6 in sprayed controls aod 166'0 + 8 6 mg/dm'/week in the inoculated
series.

Powdery mildew retarded stem elongation and possibly caused stunting,
Fewer and smaller ears were produced by inoculated than by sprayed plants.
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9.7 Lasr, F. T. (1962). Effects of nutritioD on the incidence of barley powdery
mildeut. Plant Path.ll, 133-135.

Applying N and P to field crops of spring-sowa barley significantly increased
grain yields. N nearly doubled the incidence of powdery mildew, whereas P
halved it. Adding K afrected neither yield nor powdery mildew.

9.8 SAwrcKr, R. M. (1962). Ins€cticidal activity of pyrethrum exEact aDd its
four ins€cticidal coostituents against house flies. III. Knock-down aud
recovery of flies treated with pyrethrum extract with and without piperonyl
butoxide. J. Sci. Fd Asic. 13,283J92.

The influence of concentration and of time after treatmeEt on knock-down and
recoyery from the action of pyrethrum extract alone and with piperonyl butoxide
at 2 : I and 1 : 5 Ww, was studied on house flies (Musca dome$tica L.) by a
measured-drop method. The unanaesthetised flies, held by suction during dosing,
were inspected after treatment at frequent iotervals for 5 hours and once on the
following day. The tests were done at 20' with the materials tested dissolved in
z-doderane.

Most of the flies trcated with a 6xed dose of pyrethrum extract alone or with
piperonyl butoide remained normal for a very short time (the latent period).
The number of flies knocked down increas€d very rapidly during the knock-
down period, and reached a maximum at the kDock-down end-point. Past this
poht a proportion of the flies knocked dowa recovered; the rest died. The
relative and absolute durations of each of these periods were inf,uenc€d by the
concentration of pyrethrins and the presence of piperonyt butoride, The interval
of time betwc€n treatment and knockdown end-point was the same (10 minutes)
over a wide range of conc€ntations when the flies were treated with pyrethrum
extract alone, and the flies treated with the extract alone reaovered rapidly after
knock-down end-point. The synergist iohibited recovery, so that more flies died,
increased the toxicity of the exhact during ktrock-down aDd prolonged the
duration of knock-down. The influence of piperonyl butoxide, small initially,
increased with the passage of time after treatment.

Attention is drawn to some of the shortcomings of methods commonly used to
compare the knock-down action of insecticides.

9.9 SAWICKI, R. M. (1962). Insecticidal activity of pyrethrum extract and its
four inseaticidal constituents agaif,st house flies. V. Knock-down activity
of the four constitueots with piperonyl butoxide. J. Sci. Fd Agric. 13,
591-598.

The paralysis (knock-down) and the subs€queot recovcry or death of female
house flies treatcd by a measured-drop method were studied with cach of the four
active constituen6 of pyrcthrum extract alone aDd iD the presence of piperonyl
butoxide (l part of pyrethroid + 10 parts of piperonyl butoxide) in z-dodecane
as solvent at 20'.

Knock-down was faster, lasted longer and the knock-down end-point was
reached later when the flies were treated with the constituents in the presence of
pip€ronyl butoxide. The synergist increased the total efficiency of the constitu-
ents, probably because it inhibited the recovery mechanism of the flies. The
effect of the synergist was least during the fust few minutes after treatnent; the
synergistic factor increas€d most rapidly during the first 2 hours after treatment.

Piperonyl butoxide changed the order and the magnitude of the relative
toxicities from thos€ obtained with the coDstituents alone. Four minutes after
treatment, when the efrect of the synergist was very slight, the order of the
relative toxicities of the mixtures, pyretbrin II, cinerin II, pyrethrin I, cinerin I
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was the same as for the constituents alone. Three hours later it changed to
(constituents alone in brackets) pyrethrin I (pyrethrin lI), cinerin I (plrethrin I),
plrethrin II (cinerin I), cinerin II (cinerin II), and it was the same at death (24
hours after treatment). Cinerin I and pyrethrin I were synergis€d most, cinerin
II and plrethrin II least, both during klock{own and at death.

9.10 SAwrcKr, R. M. &(TH rN, E. M.) 0962). Insecticidal acrivity ofplrethrum
extract and its four insecticidal constituents against house flies. IV.
Knock-down activities of the four crnstituer.16. J. Sci. Fd Agric. 13,292-
101

The knock-down activities of pyrethrins I and II and cinerins I and II were
studied on house flies (Musca donestica L.) by a measured-drop technique.
Unanaesthetised flies held by suction during dosage were inspected at frequent
intervals for 5 hours. The tests were done at 20' with the materials tested
disolved in z-dodecane.

The relativ€ todcities of the materials, measued at ED50, differed at differert
times after treatment;4 minutes and 2 hours aftet treatment they were, respec-
tiyely: plrethrum extract, 1.0, 1.0; plrethrin U, 1.98, 1.58; cinerin II,0.69, 0.51;
pyrethdn I,0.60, 1.07; cinerin I,0.50, 0.64. The KD50 end-points were: pyretbrin
II, l0 minutes; cinerin II, I I minutes; p).rethrum extract, l3 minutes; pyrethin
I, 17 minutes; cinerin I,20 minutes. At KD50 end-point the relative toxicities
aod the relative speeds of knock-down (given in brackets) were: pyrethrum
extract, 1.0 (1.0); pyrethrin II, 2.16 (1.30); pyrethrin I, O.12 (0.76); cinerin II,
0'66 (1.18); cinerin I, 0.55 (0.65). The relative toxicities of pyrethrin II and
cinerin II decreased with the passage of time after treatment because flies
recovered sooner from them than from p).rethrin I and cinerin I.

Possible reasons are discussed for the differences in the order of the relative
toxicities of the constituents when determined by different methods.

Entomologr Deparfuent

THEsEs

l0.l CALNATDo, D. (1962). Studies on the abundance and dispersal of frit
flies. Ph.D. Thesis, University of London.

10.2 SMrrH, F. M. (1962). The behaviour of adult frit flies (Oscinella fti, L;)
jn the oat crop. Ph.D. Thesis" University of London.
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50-53.

10.5 JoHNsoN, C. G. (1962). Aphid migratior.. Net, Scientist lS,622-A5.

10.6 R-nw, F, (1962). Flotation methods for extracting soil arthropods. In:
Progress in Soil Zoolog.y I, ed. P. W. Murphy. London: Butten orths,
pp. 199-201.

10.7 T^yr-oR, L. R. (1962). Suctioo methods for sampling anhropods at aud
above ground level. lt: Progress in Soil Zoology I, ed. P. W. Murphy.
London: Butterworths, pp. 217-221.
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10.8 BANKS, C. J. (1962). Effects of the a,J.t Iasius tiget (L.) on insects preying
on small populations of Aphis fabae s(,op. on bean plaots. lnn. appl. Biol,
50, 669-479.

Small populiations of Aphis tabae were wholly or partially protected by the ant
Lasius niger, which drove most predators away. Predators eliminated whole
colonies of unprotected aphids or persistently restricted their numbers. ho.
tection of the aphids against predators by ants is probably more important
than hitherto thought, and may be more important than the other ways in which
ants affect the multipliation rute of A. fabae.

10.9 BANKS, C. J. & @RowN, E. S.). 0962). A comparison of methods of
estimatiog population density of adult Sunn Pest, Eurygasler integriceps
Put. (Hemiptera, Scutelleridae) in wheat fields. Ent. exp. & appl.s,
25t2@.

Three methods of estimating the population density of young adult Sunn Pest
were used simultaneously at two wheat fields in North Irau io 1960 when the
inseats, all adult, were feeding on the wheat before dispersal to hibernation
quarters.

On plots of about l,O0O sq m sweeping with a hand-net estimated population
deusity inefficiently, but the sampling errors were small; thc method might be
useful for comparative estimates between fields. Marking-recapture estimates
had small standard errors (8-18% of the means), but the method is unnecessarily
complicated, as well as being umuitable when insects are sedentary, to make it
of much pnctical value. Direct counting in quadrats of I sq m was generally
the most reliable method, with standard errors of 10-15% of lhe means. At one
plot, however, a storm drove many insects into cracks in the soil, where they
could not be counted, and the population density estimated from quadrats was
less than that obtained by marking-release and recapture.

10.10 EDWARDS, C. A. (1962). Springtail damage to bean seedlings. PIar,
Path. 11,67-49.

In soil-fumigation trials at Rotharnsted in 1960 chloropicrin/methyl bromide
mixture gave good control of a severe attack of springtail on seedlings of French
beans. The damage is described. In subse4ueot trials against the pest on ane-
mones good control was obtained by soil drenches of lindaqe aud aldrin.

l0.l l EDwAp.Ds, C. A. (& DENMS, E. B.). (1962). The sampling and extraction
of Symphyla from soil.lrj.: Prcgress in Soil Zoology,l, ed. P.W. Murphy.
London; Butterwonhs, pp. 300-304.

Sampling techniques, and populations estimated from them, fie described.
Tuugre[ funnels were unsuccessful, but a simple flotation method on water gave
good results. More precise estimations ofpopulations could be made by thorough
sampling and the use of a modified Ladell flotation method, which is de-
scribed.

10.t2 EDWARDS, C. A. (& DENLrs, E. B.). 0963). The phltotoxicity of insecti-
cides and acaricides. Pt. II. Flowe6 and Omamentals, Plant Path- 12,
2't-36.

A wide range of commercial pesticides were applied at once, twice and five
times normal dosage rates (all with an equivalent quantity of wetter) as sprays
or root drench€s to some 15 commoDly growl outdoor and gre€nhouse orna-
mental plants. The development and form of the ph,.totodc symptoms of the
various plants are fully described. Safe chemicals for each crop are listed, with
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the minimum phytotoxic dosages of other materials. Where chemicals cause a
particular type of damage this is described- Generally outdoor plants were less
d4m.ged than thos€ in the greerhouse.

IO.l3 EDWARDS, C. A. & HEATH, G. W. (1963). The role of soil animals h
breakdown of leaf material. h\ Soil Oryanisms: Proceedings of Collo-
quium o4 soil fautq, soil micronoru and their relationships (1962).
Amsterdam. (In the press.)

Breakdown of leaf tissue was investigated by ass€ssing the diminishing area of
leaf disks placed in litter or buried in nylon bags of different meshes which
excluded some animals and allowed others to enter, Earthworms eroded disks
three times faster than did small invertebrates, most important of which were
springtails, enchytraeids and dipterous larvae. Oak disks disappeared faster than
beech. Some disks cut from leaves picked from ttces in September became
tanned, and remained uneaten, while untanned ones were greatly eloded.
When animals were completely excluded for 9 months leaves showed no signs of
breakdown.

10.14 FRENct{, R. A. (1962). Migration Records 1959. Fttonologi$t ,169-
t77.

10.15 FRENCH, R. A. (1962). Migration Records l9@. Entomologist ,204-
2n.

10.16 FRrNcH, R. A. (1963). Migration Records 1951. htonologist 1X,32-38.

10.17 HEALY, M. J. R. & TAyrrR, L. R. (1962). Tables for power-law trans-
formation. Biometrika $,557-559. (For summary s€e Statistics De-
partment No. l2.lO

10.18 R^w, F. (1962). Studies of earthworm populations in orchards. I. Iraf
burial in apple orchatds. Aru- appl. Biol. fi,389-4M.

The amount of leaf litter buried by worms betweetr leaf-fall and spring was
measured in five grassed and two arable orchards near Wisbech, Cambs. A
known number of weighed leaves were placed on the ground beneath wire cages
at leaf-fall, and again several weeks later; ttrose remaining at the end of each
period were weighed and counted. In grassed orchards th€ number and weight
of leaves buried were closely correlated with the fresh weight of L, ,errestris,
estimated from the number brought to the soil surface by dilute formalin.
Some orchards had l-1 ton fresh weight of L. tenestrislacte, and in these over
90% of the normal leaf-fall (+ ton dry weight/a$e) was buried during winter.

IJaves were buried more rapidly in arable than in grassed orchards, probably
because they were the only ones preseot and were easier for worms to 6nd and
bury when there was no grass. Twice as maoy leaves were buried from cages
initially containing 200 Ieaves as from cages clntaining 100 leaves.

The rate at which L. terrestlis buried Ieaves was correlated with soil tem-
perature.

The loog-term effect of leaf buiial was shown by the contrasting soil profiles
of a t)apical grass orchard and one where L. tetestris is rate and crumb structure
poor ard where the accumulated remains ofup to 15 yean leaf-fall now form a
surface mat }-ll in. thick.

10.19 STEPHENsoN, J. W. (1962). A culture method for slugs. Proc. malac. Soc.
Lond. 35, 4345.

A method of handling eggs, rearing many slugs suitable for molluscicide screen-
ing and maintaining bre€ding cultures is described.
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10.20 SrE"rENsoN, J. W. (1962). The molluscicidal properties of three fly
repellents. Plant Path. ll, 2127.

Four methods for testing the molluscicidal property of dimethyl phthalate,
dibutyl phthalate and benzyl benzoate, and the results of tests are described.
All three compounds were either toxic or repellent to slugs, depending on the
conc€ntration used; in conc€ntrations lethal to slugs the substances were
also phytotoxig and could not therefore replace metaldehyd€ for practical
co rol.

10.21 SrEprcNso\ J. w' 0962). An improved final sieve for use with the S'alt
and Hollick soil-washiDg apparatus. lt:. Progress in Soil Zoology, l,
ed. P. W. Murphy. London: Butterworths, pp.2W-2O3.

A sieve with an easily remoyable sieve plate is described. The mesh can be
chaoged according to the size of the admals required, with appreciable saving
of dme when washirg many samples,

10.22 TAyrrR, L. R. 0962). The absolute emciency of insect suction tralx.
Ann. appl. Biol. 5O,4O5-421.

The ways in which insect size, sampling rate and velocity, and wind specd
affect the efrciency of suctioD traps were measured and an expression obtained
to give total efficiency of captue for most iDsects caught in most traps at most
witrd speeds. A table is giyen for converting log catch/hour diEatly into log
density/Itr cu ft air for 9-, 12-,18- and 3Gin. traps, corrected for changes in
volume of air sampled and for losses in efficieocy under various working con-
ditions.

In an appendix a net is described that samples isokinetically in high winds and
works efficiently as a whkligig trap in low winds.

10.23 TAyLoR, L. R. (1962). The efficiency of sticky insect traps and suspended
tets. Arm. appl. Biol. 50, 681-685.

The efficiency with which the S-in.-diam. white cylindrical sticky trap and
suspended tow-net catch insects was assessed using Johnson's (1950) field
comparison of the two with results from the suction trap recently standardised
by Taylor (1962). The aerodlnamic efficiency of the sticky trap was also calcu-
lated from Gregory's (1951) results. small insects behave very like inert particles
during capture, and the efficiency of the sticky trap is almost constant in winds
from 2 to l0 m.p.h. Tables are given cooverting catch of small ins€cts to aerial
density in winds from 1 to 10 m.p.h.

10.24 TAyr,oR, L. R. (1963). Analysis of the effect of temperature on ins€cts in
flight. I. Anim. Ecol. 32, 99-117.

The number of insects in free flight depends on the size of the total population
and on the proportion flying: both are affected by temperature. Analysis shows,
however, that ooce temperature is above a threshold for take-off (or for flight)
the duration of temperatule above this has more effect than the mean tempera-
ture on numbers caught each day. Effects of population chaoges on catch can
be largely eliminated by classifying trap catches as zero or positive. A gxaph of
catch against tempeBture then gives a threshold, and field measurements of
thresholds made in this way can be as accur4te as laboratory measurements.

Regression analysis is not appropriate for populations of single species where
temperature effects are largely "all or none"; but it can be used for populatioDs
consisting of several species where there is a scatter of thresholds
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Bee Department

BooK

I1.1 Bur-ER, C. c. (1962). The world of the honcybee. Revised edition. (New
Naturalist series.) London: Collins.

GENERAL PAPERS

11.2 BLrrrR, C. G. (1962). Some recent work on be€ behaiow. Proc. R. Soc.
Med. 55, 541548.

ll.3 FRxE, J. B. (1962). Studies on the pollination of fruit trees by honeybees.
J. R. hort. Soc.87, 302-3O9.

ll.4 FREE, J. B. (1962). The foraging behaviour of honeybees in relation to
pollination. Re?. cent. Ass. Brit. Beekeep. ,4ss, l-10.

RTSEARcH PApERs

I1.5 BAtr-Ey, L. & CrBBs, A. J. (1962). Cultuial characteristics of Streptococcus
p/zroz and its differentiation from associated enterococci, J. g€r. Microbiol.
2A, 385-391.

Sttaias of Strcptococcus pluton (White) from widely separate parts of the world
were very similar culturally aud serologically and differed greatly in these respects
from associated enterococci. S. pluton was satisfactorily isolated only on a
yeast + glucose + potassium phosphate + starch medium incubated anaero-
bica y + COr. Oxidation potentials iD agar of this medium were very stable, for
which the high concentration of phosphate, together with yeast and glucose, was
necessary. In deep agar incubated aerobically S- pluton staied to glow ooly
within a narrow range of Eh yalues. It did not grow on ordinary bacteriological
media, but was adapted to grow on the special agar in air + COr. Adapted
strains grew on the speaial agar in a limited volume of air and produc.€d COr.

ll.6 BArLEy, L. & LEE, D. C. (1962) - Bacillus laryae: its cultivation,n yirro and
its gol.lth r, vivo. J- gen. Microbiol.29,7ll-717.

Spores of .Bac /as larvae V,lhite germinate and make initial vegetative grorth
best in a limited range of low redox potentials, but later growth and sporulation
ocrur best aerobically. Different media needed for best results with each phase
of development of the bacillus are described. Spores of r. laryae gerninate i^
the mid-gut contents of honeybee larvae up to 2 days old. The vegetative forms
then migrate and become closely applied to, but do not penetrate, the mid-gut
epithelium. Most organisms seem to be voided with the contents ofthe intestine
when an infected larva defaecates shortly before it pupates. A few organisms are
presumably left in the intestine and probably invade the tissues of the larva as it
pupates.

ll.7 BL"I-ER, C. G. & (ParoN, P. N.) (1962). Inhibition of queen rearing by
queen honeybees (Apis mellifera L.) of different LEes. Ptoc. R- ent. Soc.
Iand. (A) 37, 114-116.

The quantity of 9-oxodecenoic acid from individual virgin and mated queeDs, of
different ages, was measured by gas chromatography. A very young queen has
little, but has developed about 130 pg when 5-10 days of age, and continues to
have about this amount until she is old or, perhaps, is about to be superseded or
to swarm. The poor ability of a virgin queen 7-21 days old to inhibit queeD
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rearing is not because g-oxodecenoic acid is lacking but probably because
"inhibitory scent" is deficient.

11.8 FPJE, J. B. (1962). The etre{t of distance from pollhiser yarieties on the
fruit set on trees ill plum and apple orchards. J. hort. Sci.37,262-271.

The fruit set on plum trees decreased geatly with increase in distance from
polliniser tre€s, and less so with increase in distance from honeybee colonies,
Trees adjacent to pollioiseB had a grcater set on the sides faciDg the pollinisers
than on their far sides. Parts of trees touching "bouquets" had a greater set than
parts without bouquets.

In an apple orchard with main variety and polliniser trees in separate blocks
the fruit set was greater on the main variety trees adjacent to the pollinisers than
on tees farther away, In an applc orchard with a polliniser tree as every third
tre€ in every third row main variety trees had a greater fruit set, more seeds per
fruit and more carpels with seeds per fruit on the sides trear to their adjacent
potliniser than on their far sides. The fruit set, seeds per fruit and number of
carpels with seeds per fruit was greater the nearer the tre€s were to the adjacent
polliniser.

These findings are discussed in relatioa to the fordgiog behaviour of honey-
bees and methods of arranging polliniser and main variety trees in orchards,

11.9 FREE, J. B. (1962), The behaviour of honeybees visiting field beans
(yicia faba). J. Aaim. Ecol.3l,497-5O2.

Honeybees make thre€ types of visit to feld beans: (l) to the extra-floral nectaries
only ("a" visits); (2) to obtain nectar tbrough hotes at the flower bases ("b"
visits); (3) enter the flowers atrd mosdy collect pollen and nectar ("c" visits).
Most bees made visits ofonly one type: some made "a" and "b"visits, or"b" and
"c" visits, either on the same or on different foraging trips, but very few made
"a" and "c" visits. The relative proportions of the foraging populations making
the various visits differed on different days and at different times of the same
day; the difrerences mostly resulted from changes in the bees present and not
from changes in the behaviour of iqdividuals.

11.10 srMpsoN, J. (1960). Induction of queen rearing in honeybee colonies by
amputating their queens' front legs. Bee Llorld 41,286.

Amputating the front legs of 13 queens caused their colonies to begin queen
rearing. Although all but one of the colonies eventually succ€eded in rearing
one or more queens to maturity, most made several abortive attempts at first.
Two colonies swarmed (in June) with young queens. In all the others that
succ€isfully rared queens young queens eventually replac€d the old ones without
swarming, In the last group treated (in late July) the supersedures were fully
e6cient, i.e., the old queens survived until the young ooes had begun laying.

Statistics Department

GrNmer PlPrrs

LEEcn, F. B. (1962). Statistics in relation to veterinary science. yet. Ann.,
35-39.

YArEs, F. (1962). Obituaries of Sir RoDald Aylmer Fisher. Naturc, Lond.
f95, ll5l-2; Biometrics 1E,442-447; l. R. statist. Soc- A, Rev- lnsl. int.
Starist.30,280-282.
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12.3 (BocERr, B. P.), HEALY, M. J. R. & (TuKEy, J. W.) (1963). The quefrency
alanysis of time series for echoes. Proc. Conf. Time Series, Brown Uni-
versity, U.S.A., 1962. (In the press.)

Techniques based on Foumier anal)sis proved useful in problems easily stated
in terms of frequencies. This paper studies the application of similar techniques
to echo-detection and determination of time-delays. Superimposing a more or
less distorted erho upon a stationary time series adds a cosinusoidal ripple to
the log powq spectrum of the series. The parameters of the ripple (which by
analogy we call quefrency, gamnitude and saphe) are simply related to thos€ of
the echo-in particular, the quefrency (the reciprocal of the peak-to-peak
distance in cycles per second) is equal to the delay. Kno$n techniques for study-
ing periodic phenomena obscured by noise can thus b€ applied to echo detection,
and by applying these techniques to the estimaied power spectrum of a stretch
of time series, just as would oormally be done to the series itself, we can calculate
aod examine the cepstrum which is exp€cted 10 peak at the quefrency of an
echo. We can also apply complex dedomulation to the log power spectrum, when
an echo is expected to produce stretches of saphe that vary lineady with fre-
quency.

These techniques have been applied with considerable success to artificial
series in which distortion had rendered known echoes mole or less unrecognis-
able by ordinary means. Applications to seismic records, for which purpose the
study was initiated, were less successful.

An appendix studies the haod digirisation of analogue records. It is shown
that the process is liable to introduce substantial extr-aDeous energy at high
frequencies.

12.4 BoyD, D. A., CHuncu, B. M. & HLrs, M^Ry c. (1963). Fertilis€r use on
grassland in England and Wales. J. Bril. Grassl. Sac. 18, 18-28.

The paper describes the fertilising of grassland as shown by surveys done in
t951-60.

About a third ofthe total consumption of N and K and almost halfthe total
consumption of P is on grassland. Fertiliser use on leys has increased rapidly in
recent yea6, and the average rate of application is now of the order of 0.3 cwt
each of N, PrOi and KrO per acre per annum; pernanent grass receives about
half as much P and very much less N and K than the leys,

Generally speaking, more N and K was used per acre of grassland in arable
districs than in livestock districts, and on dairy farms than on rearing and
feeding farms. However, rearing and feeding farms received more P per acre of
grass (in particular, more basic slag) than arable farms. Little farmyard manure
was used on grassland in the arable districts, whereas in the dairy counties of the
western half of England and in Wales it formed a substantial part of the total
plant nutrients supplied to grassland, particularly on fields mown for hay.

The types of fertitisers used and when they were applied are also described;
about four-fifths of the nitrogen was applied b€tween February and April.

12.5 CHURCH, B. M., (DADD, C. V. T., MTLER, T. E. & PAGE, J. B.) (1962).
Herbicide praaice in arable farming districts of Eastern England, 1959-60.
ll/eed Res. 2, 153-164.

Information on the use of herbicides in the I 9J9-60 crop year was colleated from
a stratified random sampl€ of farms in each of four arable farming districts in
Eastem EngLand. In each of the surveyed districts 80-90% of the area und€r
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cereals, 10-201of other tillsgp crops and about l0l of the grassl,and was reat€d
with herbicides.

MCPA was the most widely used herbicide on cereals, but in two of the four
districts meaoprop was also often used. Manufac-turers' recommendations for
rates of application were followed fairly closely for MCPA on cereal crops
which were not undersown, but MCPA was also used on much of the under-
sown cereals in spite of the risk of damage to legumes, MCPB and mecoprop
were often applied to cereals at rather lower rates than those generally recom-
mended.

The herbicides used were usually appropriate for the weeds they were intended
to control, and nine out of every ten farmers asked were satisfied with the
r€sults of treatmeDt; dstrimeEtal effects on crolx were rarely noted. Little
detailed information was obtained about when herbicides were applied, but
clearly most farmers were influenced more by general crop appearance (and
possibly date) than by the stage of growth of crop or weeds.

12.6 CIIuRc-n, B. M., (KrNsEy, C. & PowrLL, T. R. W.). (1962). Surveys of
herbicide practice in two dairy farming districts, 196l-522 Proc. 6th
Bitish Weed Control Confereace 1962. (In the pr€ss.)

Information on herbicide practice in 196H1, obtained from surveys in Cheshire
and N. Somerset, is prcsented and compared with results of earlier surveys.
Herbicid€s were used during the survey year on less than a third of the farms in
these grassland{airying districts and 7% of the total crops and grass aq€agE w:ls
treated.

A third of the farmers in these districts had a weed-conhol problem on
grassland for which they had no satisfactory solution, and several farmers
cxprcssed doubts abut the value of using herbicides on pasture.

12.7 (EprN, T.), GowER, J. C. & (sAr.cADo, M. L. M.) (1962). A factorial
fertiliser exp€riment on coconuts. E|rp. J. exr. ,,lgz'c, (In the press.)

Yields of copra and nuts for each of 26 years of a 3 x 3 x 3 factorial (N, P, K)
kial on coconuts are analysed for each year separately and also combined in a
complete analysis. Tre€s on plots not roceiving potash deteriorated, so that
after l0 years the potash manuring was uniformly increased on all plots. The
main effects and interactions of the treatments are discussed-the responses for
nuts and copra are similar, with only potash having any large effect, Maouring
did litde to raise th€ absolute yields over the period.

There was great variation from year to year in absolute yields, but no sig'
nificant correlation was found between these lelds and seasonal rainfall.

12.8 GowB, J. C. (1963). An autocode for table manipulation. Proc. Syttt'
posium on Synbolic Language in Dara Processri4t, Rome 1962, 613--624.

A short suqlDary of the disadiantages of using staodard autocodes for table
maDipulation leads to the concept ofscanning, Autocode instructiotrs, based on a
scan subroutine, are given, and examples show how they can be economically
us€d for quite complex calculations.

12.9 GowxR, J. C. (1962). The estimation of variance components in hier-
archical analyses. Biomet cs lE,537-542.

The paper describ€s a systematic method for computing the coefhcients of the
variance compooents of the expected mean squares in a hier-archical analysis of
variance, together with a simple method of pooling if the outermost hierarchy
fu analysed separately for each of its categories. The programming of the compu-
tation for eleclroDic computers is briefly discussed.
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12.10 (GRUcHy, C. L., McC^[uM, G.), Vrssev, M. p., (PARR, W. H. &
ALLcRoFr, R.) (1963). An investigation of the yalue of five treatments for
acetonaemia in ,ersey cnws. Vet. Rec 75. l8}l88.

In 1956 an iuvestigation was undertaken in Jersey, C.L, to compare the effecls
of dextrose, glycerine, potassium chlorate and sodium propionate oE cliEical
acetonaemia afrecling cows of the Jersey breed. Ten cows werc also freated with
cortisonc or A.C.T.H. No important differ€nces were obs€ry€d between the
tre3tments.

The trial has, howeyer, beeD of particular value as a pilot investigatio!.
Suggestions for planning futue work are made.

12.11 tIEALy, M. f. R. (1963). Programming multiplercgrasion Comput. J.6,
Multiple regression, one form of estirBtiou by least squar€q is an important
statistical technique. Much computing is involved, and mauy programmes have
been written to do the necessa4r work-so many that it is ctear that most of them
do not attain an adequate degre€ of g€nerality. This paper outlines the essential
features of regressiou analysis and attempts to give the essentiat rcquirements
for a general programme.

12.12 FIE/J-Y, M. J. R. (1963). Fiducial limits for a variance component. J. .R.
$latist, Soc. B. (In the press.)

If samplcs of equal size & are taken from some goups randornly chosen from a
populatioo of groups, the varianceor of the population of group means can bc
estimated by (h- y)lk, where 21, % are the mean squares between and
within groups in an analysis of variancc. R. A. Fisher showed in 1936 that the
fiducial distribution of 0' could be derived from the joint distribution of two
independent x. variates. The distribution has as parameters ,lr and ,L, the degre€s
offreedom of /, and V2, and, F : Ytlvz,lheyariarc*rnlio, It has been tabulated
fot nr, n" : 6, 8, 12,24, co and F : 0'5, 1,2, 4, B, 16, co. Tables of p€rceotage
points for P :997.,957., 57" a\d t% will appear in the 6th edition of Fisher
and Yatfs,' Staristical Tqblet.

12.13 Hr^Ly, M. J. R. (1963). A subject index to the Kendatl-Doig Biblio-
graphy of Statistical Literature. J, .R. srarrsr. Soc, l. (In the press.)

The 10,000 titles listed by Keqdall and Doig were classifed, each uader one or
more of 20O headings covering topics of statistical theory and fields of applica-
cation, It is iotended to maintain the index on magnetic tap€ and to coosuli it by
means of the Orion compukr.

12.14 HBLY, M. J. R. & (BocRf B. P.) (1963). Foraan subroutines for time-
s€ries anal,sis. Conm. As$oc. Conp. Mach. 6,32-34.

A s€t of Fortran subroutines is described which enables a wide variety of time-
series problems to be progmmmed expcditiously. The construction of general
statistical programmes is discussed.

12.15 HEALY, M. J. R. & (JoNTs, E. L.) (1962). Wheat yields in England,
l8l5.-59. J. R. statist. Soc, A. t25,114-579.

The Royal Statistical Society's library contains two MS notebooks containing a
record of wheat yields in 4{) districts of England from l82l to 1859 obtained by
actual crop-cutting. There are also copies of letters describing the process of
obtaining the crop samples. The record tums out to be that used by T. Tooke iD
his Hisrory of Pices, Vol. 5. A summary of the figures is given and their implica-
tions are briefly discussed,
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12.16 HEALY, M- J. R. & TAyrrR, L. R. (1962). Tables for power-law trans-
forroati:ors. Biometrika 49, 557 -559.

Taylor showed that in many biological cootexts, the variance y of the number of
organisms per sample is rclated to the mean rz by a power relation v : azf.
When this is so a transformation to stabilise ihe variance takes the form
7 : (x a cf, where x is the original observation, c is a constant ar,dp :1 - lb.
The square-root and logarithmic traDsformations are special cases. Tables are
given of x, with x : 0 (1) lO0, p : O.2 (0.2) 0.8 and of 10 (1 - ,-r; with
-r : I (1) lm,p : 0'2 (0.2) 0'8 to enable the traosformation to be easily applied.

12.17 }MtL,K MARxErrNc BoARD (1962). The National Dairy llerd: Interim
Census, 196O.

Itr 1955, when the Milk Marketing Board conducted their fiIst census of dairy
herds, it was thought a similar census eyery 10 years or so would keep pace
with the changes in the structure of dairy herds. This, however, did not prove to
be so, and it was decided, therefore, to conduct an interim census in 1960 based
on a sample of milk selling herds. The large changes revealed, particularly in
bre€d and herd size, are described.

12.18 P^TrERsoN, H- D. & Ross, G. J. S. (1963). The efre.t of block size on the
errors of modem cereal experiments. J. 4gr,c. Sc;'. 60. (In the press.)

The errors of 454 cereal experiments organised by the National Institute of
Agxicultual Botany between 1956 and 1960 are examincd in relation to block
size. All the experiments used loDg, narrow plots and were harvested by clmbine.
The most important conclusion is that the gain in efficiency by using small
blocks in cereal experiments is as geat now as it was before combine-harvestiDg
and long, narrow plots were introduced. An empirical rule is that the varianc€
per plot is roughly proportional to 21, where , is the number of plots per
block.

12.19 (REEYE, E. C. R.) & Ross, G- J. S. (1962). Mate-killer (Mr) particiles n
Paramecium aurelia: the metagon diyision hwothesis. Genet. Res., Canb.
3, 328-330.

Mate-killei (Mr) particles in Paramecium ahrelia depend on the pres€Dce of the
dominant genes Mr and Mr. On elimination of these genes there is a delay of
8-15 fissions before most of the daughter cells lose their particles. The Mu
particles are thought to depeud on iotermediary particles (metagoos) which are
maintained by the M-genes. The simple theory that the normal c.ell contains
many metagons which, on loss of the genes, are passively diluted out during
subse4uent fssions was shown to be inadequate. A modification is proposed in
which a certain proportion of the metagons divide during each interfission
period. The probability of division and the original numbers of metagons are
estimated and the agreement with the data is satisfactory.

12.20 (REr,T, E- C. R.) & Ross, G. J. S. (1963). Mate-killer (Mr) particles in
P arume cium aure lia I further mathematical hypotheses regarding metagon
distribution. Genet. Res. Carn . 4. (In the press.)

The hypothesis that metagoos are originally clumped together in twos and threes
is inade4uate. The hypothesis that the metagons are distributed with unequal
probability between the two products of a fission fits the basic data well, but fails
to fit the results of a subsequent exp€riment in which paramecia of the eleventh
fssion are observed through three subs€quent fissions. This last experiment tends
to support the division hypothesis,
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12.21 (Si,mH, C.), (KrNc, J. W. B.) & crrrERr, N. (t 962). Genetic parameters of
British l-arge White bacon pigs. Arim. Prod. 4, 128-143.

Estimates of heritabilities and genetic correlations among 35 measurements and
scores of British l-arge White bacon pigs are reported. No serious anbgooisms
exist with regard to improvement by selection, The correlations between 24 of
the more important traits are summarised by principal component analysis.

12.22 Yarrs, F., cowER, J. C. & SruesoN, H. R. (1963). A specialis€d autocode
for the aqalysis of replicated experiments. Comput. 1,5, 313-319.

The paper describes a general programme, written for the Elliott 4Ot, for the
analysis of orthogonal or nearly orthogonal data, such as arise from replicated
experiments. This is in essence a specialised autocode for performing on tables
the t)?es of operation required in such analyses, aod is similar to Part 2 of our
General Survey Programme. Modifications and exteosions planned for the
Orion are briefly discussed.

12.23 Yarts, F., VERNoN, A. J. & (NEEoN, S. W.) (1963). An example of the
analysis of uniformity trial data on
exp. lgrrc. (In the press.)

The paper gives an example of the use, for

an electronic @mpnrler. Emp. J.

the analysis of the data of a uni-
formity trial on maize, of a general programme for the analysis of replicated
experiments written for the Rothamsted electronic computer, The errors asso-
ciated with plots of different sizes aad shapes, with and without guard plauts,
and with differing degrees of local control, were determined. Most of the
variability in the trial could be ascribed to random variatio[ between plants, so
the use of very small plots would Dot be advaotageous-

Field Experiments Section

RISEARCH PAPER

l3.l GARNR, H. V. (1962). Experiments with farmyard mamre, sewage
sludges, and town refuses on microplots at schools, 1940-9. Emp. J. exp.
Agric.3O,295-3M.

The direat and residual effects of dung and s€veral tlp€s of sewage sludge and
town refuses were measured in 73 microplot experiments in presence and
absence of inorganic nutrients. Most of the experimeots, which were usually
repeated for several years on the same plots, were nith potatoes, but other
vegetable crops were included. At the rates used duog was much b€tter than any
of the other materials for all crops except cabbages and kale, for which sludges
were very efective. In the potato experiments sludges were showtr to be good
sources of nitrogen; they also supplied phosphate, but very little potash. Re-
p€ated applications of organics on the same plots gave large residual effects in
the first year of test. Sewage sludge gave bigger residues than dung when no
fertiliser nitrogen was applied to the test crop.

The experiments showed that with careful management useful information on
bulky organic manures could be derived from replicated experiments on plots of
about 0.005 acre.

Woburn Experimental Station
15.1 B^RNES, T. W. 0962). Growing good grass. Grass needs water-but

how much? Dairy Farmer, Ma\ch 1 2,pp.49-50 &67.
The results from nine years of exp€rimental irrigation of grass are given as a
guide for farmers.
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Broom's Barn Experimental Station

GENERAL PAPERS

16.l ByroRD, w. J. (1962). Broom's Barn Experimental Station Commonw.
Phyropath. News 8, 5l-53.

t6.2 DuNMNc, R. A. (l%2). Ins€cticides for control of aphids and yellows.
Bit. Sug. Beet Rev.3{r, 13}135.

16.3 DUNMNG, R. A. (1962)- Will spraying be necessary for aphid and yellows
control in 1962? Farming llorld---Stgar-b*t supplement, March, p. 16.

16.4 DuNMNc, R. A. (1962). Systemic insecticidcs and sugar-beet yellows.
Agricukure, lond. 69, 356-361.

16.5 DuNMNc, R. A. (1962). Insecticides and fungicides used to control
su.8ar-b€et pests and diseases. Cienr. & Ind. 4, 155-158.

16.6 DUNMNG, R. A. @ecr, A. B. P., LuB Tn, O. F., Menwmnc, A. &
B^KR, C.) (t962). A progress report on the conrol of aphids in mangold
clamps by methyl bromide fumigation. Proc. Bit. Iwect. Futrg. Conl.
Brighton, 1961, I, I 35-136.

16.7 DL'NNrNG, R.'A. & wrNDER, G. H. (1962). Comparison of aphicidcs,
especially gratrular systemics for control of bect yellows. Proc- Brir.
Insect. Furg. Conf. Brighton,1961, 1,93-106.

16.8 HE rncc/r3, G. D. (& EAsmp, v. F.). (1962). Notes on some aphids from
British North Bomeo. Ent. mon. Mae. ,97-98.

16.9 Hur& R. (1962). Sugar-beet yellows in Great Britain, 1961. Plant Path.
ll, t83.

16.10 Hu.r, R. (1962). Broom's Bam Experimenbl Slation. Narlre, Lond.l95,
126l-1262.

16.lt Hu].R.(1 2). Spiaying for control of yellows in 1962. Bit. Sug- Beet
Rev. 3l,22.

16.12 HULL, R. (t962). Factors that influence sugar c,,aletri. Brit. Sug. Beet
Rev. tl,27-29.

16.t3 Hur, R. (1962). Control of sugar-beet yellows. Proc. 8rrl. Insect. Fung.
coaf. Bighto4 196l l,87-92.

R.EsEARcrr PaPERs

16.14 ByroRD, W. J. (1963). Experiments on the use of ethyl mercury phos-
phate and other materials for treating sugar-b€et strf,,d. Aru. appl. Biol.
51, 4149.

St€.ping sugar-beet seed in ethyl mercury phosphaG solution controlled Pree.
spora betoe ar,d ill;xanrd. the emergence of seedlings in the field more than did
'short-wet" fungicide tr€atments, spraying EMP sotutioD on to the s€ed or
stc@ing in other fungicides.

16.15 HE rHcorE, G. D. (1962). The suitability of some plant hosts for the
development of the peach-potato aphid, Myzur pericae (Sulz*r).
ht. exp. & appl.5, 114-118.

M. persicae developed wcll on Bra.r.fl?c species, particularly those that grow
rapidly, such as mustard and turnip, but much less well on sugar boet, spinach
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and lettuce. They usually develop better on young; rapidly growing lcavcs than
on mature leaves. Two cloaes of M. perticae behaved similarly on the host pl,atrts
t€sted,

Soil SurveY of f'nglqnd erd Wdes

BooK

l7.l SoL SuRvEy Sr Fr (19(o). Soil Smey of cteat Britain: Field Hqrrdbook.
(Edited by E. Crompton.) Harpeuden: Soil Survey of Great Britain.

GENERAL PAPERS

11.2 Soil Map of lfelb, Sheet 280 (3rd edition). Southampton: Ordnance
Suwey, 1962.

17 .3 Soil Map of Weston-super-Marc, Sheet 279 (3rd edition). Southampton :
Ordnanc! Survey, 1962.

17.4 AvERy, B. W. (1962). Classification of soib. ASLIB Proc.14,23+238.
17.5 AvERy, B. W. (1962). Soil type and crop performance. Soils & Fert.zs,

341-344.
RTSEARCH PApERs

17.6 (Bo^ER, S. B.) & HoDGB, C. A. H. (1962). Veg€tation stripes in Somali-
land. .1. bol. il,465-474.

In the western part of the former Somaliland Protectorate patterns of parallel
stripes of vegetation separated by lanes of bare or narly bare grormd occur.
The stripes and lanes are several miles long, from 50 to 200 yards wide and run
in straight lines up and down the direction of steepest slope. They occrrr in
Acacia bussei-Chrysopogon aucheri ot Acocia tortilis-Atdropogon cyrtocladus
bush communities and it Chrysopogon auchei grassland. The soils of the barc
Ianes are coarser-textured aud have a deeper top-soil than the adjoining vegeta-
tion stripe soils. Soluble salts are leached to a greater depth in the lanes. The
vegptation patterns are thought to depend on the textue of the soil parent
material.

17.7 RLDEFoRTH, C. C. (1962). Atr illumioated polishing table for preparing
thin sections ofsoils. t. Soil Sci- 13,247148.

A source of polarised li8ht below a glass polishing plate facilitates the rapid
ass€ssment of section thickness using the birefringence colours of miEeral graiDs
secn through a hand lens fitted with a second polariser,

17.8 SroRRrxR, R. R. & Mun, A. (1962). The characteristics and genesis ofa
ferritic brown earth . J. Soil Sci. 13, 259-n0.

The surface soil of the Banbury clay loam is a moderately to slightly acid, well-
structured, brown clay loam. With depth both structure and texture beaome
coaBer; the lower @) horizons are characterised by a stone-line, probably
resulting from frost action. The profle examined shows no evidence of contami-
Dation by exEaneous material. Weathering has taken place I,l ,rL., and the clay
minerals are derived from the parent material.

The sequence of soil formation appears to be: chemical weathering of the
solid rock with conversion of siderite and chamosite to goethite, followed by
physical breakdown of the rock and redistribution of iron among the different
particle-size fractions. The redistribution is caus€d by mobilisatioE, transloca-
tion and ffocculation of iron oxide, particularly in the coarscr clay fraclion aud
most noticcably in the (B), horizon. Iron has also b€en lost from the soil.
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