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ROTHAMSTED REPORT FOR I97I, PART I

Physics Department

l.l
THESIS

RowsE, H. R. (1971) The movement of water in plants. Ph.D. Thesis, Univenity of
Irndon.

GENERAL PAPERS

PENMAN, H. L. (1972) Weather 1970. TruLsactions of Eertfordshite Natural Histoty
Society 8. (In the pr€ss.)

PELaTAN, H. L. (1972) Why do irrigation experiments? lnt Svmpotium on irrigation
exwrimentotion, Wellesbune, Mqrch -1971. (In the prEss.)

1.2

1.3

RESEARCH PAPERS

L4 LAxx, J. V. O97l) The behaviour of plants in various gas mixtutrsf. Pruceedings of lhe

Royal Society (B) 179, 117-188.

The effects of the composition and pressure of the arnbient gas mixtues on the diffusive gas

exchange of leaves, and the eflects of carbon dioxide and oxygen on respiration and photo-
synth€sis are described. When photosFthesis is limited by the rate at which carbon dioxide
reaches the chloroplasts, the net rate of pholosyothesis of many (but not all) plaDt species

dep€nds on the ambieDt oxygen partial pressure. The effect of ox)'getr may be principally to
stimulate a rcspftatory proc€ss rather than to inhibit carboxylation. However, whetr photo-
slnthesis is not limited by the carbon dioxide supply, this respiratory process s€ems to be

suppressed.
The gas exchange of plant communities respoDds to the aerial eDvirooment in the way expected

from measuremetrls on single leav€s, but the glol{,th respoDse to a given difference in gas compos-
ilion is smaller than expected because of adaptation, notably io the ratio of leaf dry mass to
leaf area.

It is concluded that the growth rale of higher plants in given illumination will be independent
of the partial pressure of oxygen and of other gas€s likely to be used lo dilute it, provided that
the carboB dioxide partial pressure is so adjusted (probably to not more than 2 mb) thar the
rate of photosyDthesis is not limited by the mte of diffusion to the chloroplasts.

L 5 LAxr, J. V. (l 971) Comparison of natural and artificial sources of light. Proceedings
of the Royal Society (B) 179, 189-192.

The area of crop plants required to sustain a man in an artificial extra-terrcstrial envfuonment is
probably about lO m2. If the site is on the Moon, the natural light will alremate with periods

of darkness, but will be brighter than any practicable arrangement of anificiat lights. The latter
can, however, be run continuously.

To control plant temperatue, an artificial cooling system will be requiled with either kind
of illuminarioo. The energy to be dissipated will b€ about 700 w m-z with natural light, or
three times this amouot with artmcial light (high pressure discharge lamps).

1.6 LAK!, J. V. (1972) Gas exchange of field clops. ln', Crop proceises in controlled
envirolrrnnls. A. R. Rees and others. London: Academic Press.

The aims of crop gas exchanep studies are revi€wed and it is concluded that the rolalioo between
net rate of carboD dioxide uptake and economic yield and the possible existence ofan optimum
water-use emciency for some clops could both usefully be the subject of dilect exp€riment.

Techniqu€s for estimating rates of crop gas €xchange are compared; thero s€ems to be scope
for progress in estimating crop gas exchange in grven weather from ph,siological attribut€s of
the foliage canopy as a whole, measurcd with the us€ of a transparent enclosure, and from a
measurcmont of the proportion of ground covered by the foliage.
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ABSTRACTS OF PAPERS

1.7 LEC,G,-B. -J. & LoNc, I- F. (1972) Microclimatic factors affecting evaporation andtranspiration. h: Soil y,ater physics and technology. InterDational S,;irty .f S;il
Science. Rehovot, August 1971.

A computer model of the crop canopy makes it easier to understand rhe interaction between the
atmosphore and the crop. A five level resistance model requires profiles of net radiation, Ieai
area index, wind sp€cd, stomatal resistance and turbule.t diffusiviiy (I0, and the values oi soil
hest flux, and air temperature and humidity above the crop. It c.i"ut"ies tt" 

"""poratlo, "nJhell flux from eac.h layer and the profiles of temp€rarue a;<l humidity inside the canopy.
, The turbulent diffusivity in wheat was studied by suppllng a uniform flux of NzO ai'gound
Ievel, and measuring the concentration profile :

(i) X values calcutated from the energy- balance and NaO profile w€re not systematically
diffe^rent,- supporting the hypothesis that Kis the same for gas and heat transfer insiae rtre crop(ii) Below the flag l"uf layer, I( was not signmcantly depe;dent oo wind speed, but was on the
temperatur€ gradient. The posibre errors in evaporation estimates caused by 

.treating 
,K as a

funclion of wind speed only are investigated with ahe computer model.
(iii) The one dimensiooal assumption may be an oversimprification because wind speed was

constant below the flag leaves, and there were horizontal variations of N2o coDcentraiion. The
calculated horizontal fluxes were frequently large comparcd with the verlicar nur, thougtr ttris
may have been caused by the yery dense canopy.

1.8 PARKtr'rsoN,_K. J. & LEc,c, B. f .. e972) A continuous flow porometer. ,Ioutal of
Applied Ecology t. (Irt the prcss.)

A porometer was made that uses a continuous measured flow (n of dty nitrous oride itrto a
porometer cup attached to a known leaf area (l). The gas within the cup is well stired and the
humidity of the outgoiog gas is measured with an aluminium oxide sensor. fnere is a si-pie
relationship between stomatal resistance (r,), aerodynamic resistance (rd), the outgoing ;;vapour pressure (ez), and leaf temp€rature reprcsented by the saturation vapour pressure, e3, at
that temp€rature, such that

(rolr):A(ealez-t)lV
The advantages of this porometer are that it gives contiouous readings, has a short response

time and is easy to calihate.

1.9 (PAssrouRA, J. B.) & RosE, D. A. 0971) Hydrodynamic dispersion io aggregated
media: II. Effects of velocity and aggxegate size. Siit Science iff, :+S_fSf.-- -

M€asurem€nts of dispersion co€mcietrts in three aggegated materials are in accord with the
theory presented in Part I of the series. In particular, ii is shown (i) that for a given salt in a
given material the dispersion coefficient (,o is uniquery related to iire product o1 verocity and
aggregate size (Ua), (ii) that this relatio! approaches f(Ua), for large &a, (iii) that for a giveD
material there is a value of ua at which dispe.sion is minimar, and (ir) that for extreireiy
large values of Ua the diffusion model of part I breaks down as prcdicted,

l.l0 RosE,D.A.(1971) Water movement in dry soils: Il.Ananalysisof hysteresis. Joarzal
of Soil Science 22, 49O-5O7 .

The hystercsis that occurs in the micro-hydrological characteristics of a soil (conductivity and
diffusivity) as functions of water content altd water potential between sorption and desorption
is examin€d for three soils (sand, loam and clay) and sepiolite. These matirials, all aggxegated,
are sufficieotly dry that both the vapour and liquid componeots of water movement ire ii,por-
tant.

At any water cotrtetrt or water potential the vapour conductivity is always bigger when wetting
than when drying though differences may be small.

There is hystercsis in water (vapour + liquid) conductivity as a function of water content
when vapour flow is dominant but not when liquid flow is dominant. Convers€ly, there is
hystercsis in water colductivity as a function of watet potentiol when liquid flow but not vapour
flow is dominant. Both forms of this hysteresis are small.
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Hysteresis in diffusiviry exists as a fuaction of both water content aod water poteDtial, but is

complicatod.--Vi.iatioot 
*rs"A by hystercsis are probably negligible in practic€, swamped by efects caused

ty cft-go in the soii envirooment G.g. temperature) or by changes in soil managemeot (e'g'

structure).

l.ll RosE, D. A. & (P^ssrouRA, J. B.)(1971) The analvsis of experiments on hvdrodvnamic

disp€rsion. Soil Science lll,252-257 .

An objective method of analyzing exp€riments on hydrodynamic- dispersion is based on the

rog"riiil-1"-no.-"t transformation oi a numerical solution of the equation of longitudinal

;til;il in a finite column. Experimental values that satisfy the conditions of the analysis

faii on a straight liDe when transformed, the slope of which is a unique function of Brenner

numhr. Stve;l conditions that caus€ deviations from a straight line are illustrated'

1.12 RosE, D. A. & (PAssIouRA, J. B.) (1971) Gravity s€gegation during miscible displace-

ment experiments. Soil Science lll,258-265 -

when the liquid resident in a horizontal bed of porous material is displaced by another liquid
of different density, the resulting dispersion of solute is enhanced by the formation of a tongue

oi O"nr"i fiquiO u"Aerstrooringltre lighter liquid. This phenomeoon of graYity segregation is

iesponsibb fbr many anomalous results in the literature on hydrodynamic dispersion of solutes'
- - 

"itre iize or tne grivity segregation effect dep€nds directly on (i) the p€rmeability of the b€d,

(iiithe aifference in densitibctween the two liquids, (iii) the thickness of the bed over which

iiii. i*titi am"t"oce opeiates, and, inverselv, on (iv) the flow velocitv, aod (v) the length of
the bed.

The main featur€s of gravity segregation were illustrated in a s€ries of miscible displacement

experiments using two sizes oi glais spheres (210-250 ptm and 42O--5-007m diameter), two flow
veiocities, and four density differences obtaiued from pairs of NaCl solutions aod water-

Increased' dispersion of solute was noted with a density difference as small as 2 x lo-a g cm-',
corresponding to a conceotration differetrce of 0'005N NaCl.

2.t

ChemisEY Departuent

BooK

CooKE, G. W. (1972) Fertilisi,tg for rrtaximum yield. Lnndon. Ctosby l-ockwood Ltd'
i-xxiv, 296 pp.

GENERAL PAPERS

BENZIAN, B. (1971) S€ed and forest nurs€ry experiments in tr€e nutrition. Isobutylidcne

aiurca (isoiJ) in for€st nun€ries. Soaking conifer seed in micronutrient solutioos'

Repoft on Forest Research (Londot) 1971, pp. 124-126.

CooKE, G. W. O97l) Fertilisers aod sxiety. Proceedings of the Fertiliser Societv

No. I 2l , ,18 pp.

Coorr, G. W. (1972) Soil fertility problems in cereal growing in temperate €as.

Prcceedings of the Nitth Congress of lhe lrtterration^l Potash Institute 1970' 121133-

CooKE, G- w. O97l) Plant nutrient cycles. Proceedings of the 7th colloqui@t of ,he

I eruatioral Potosh Insritute I 9,75-95.

CooKr, G. w' (1971) Potassium for grassland. Present us€ and future possibiliti€s
In: Potassium cnd systens of gassladfarming. The Potassium Institute Ltd., pp. 5-14.

2.2

2.3

2.4

2.5
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ABSTRACTS OF PAPERS

2.7 CooKE, G. W. O97l) Value and valuation of fertilis€r residues.In: Residual value of
applied nutrierrts. Minisfiy of Agriculture, Fisheries and Food. Technicat Bulletia No. 20.
London: H.M.S.O., pp. 296-317.

2.8 GAssER, J- K. R. (1971) Nature and value of residual fertiliser nitrogen in soil. In:
Residual volue of applied nutrie,rts, pp. ll4-124.

2.9 GAssER, J. K. R. (1971) Some biological effects of ammonia injecred into soils.
Anhydrous ommofia. Proceedings of a synposiun on qspecls of its techtology aad use as a
fertilizer. National College of A8ricuttural Engin€ering, Silsoe, t5-17 December 1970.
Guildford: IPC Science and Technology Pr€ss Ltd., pp. 30-38.

2-10 JoHNsToN, A, E. (1971) Potassium residues in soils from experiments at Rothamsted
and Wobum. In;. Residual value of applied nutrients, pp. 2m-X6.

2.ll MATTTNGLv, G. E. G, (1971) Residual value of phosphate fertilisers on neutral and
calcareous soils. k| Residual value of applied nuttients, pp. l-15.

2.12 NowAKowsKr, T. Z. (1971) Potassium requiremeDts of herbage in relation to nitrogeo.
In: Potassium and systemE ofgrasslandfarmrrg. The Potassium Institute Ltd., pp. 37-46,

PapERs IN RoTHAMSTED RBpoRT, PART 2

2.13 CooKE, c. W. & WLLTAMS, R. J. B. (t972) Problems with cultivations and soil struc-
ture at Saxmundham. Rorhamsted Eryerimental Station. Report fot 1971, pafi Z,
122-142.

Soil physical conditions, croppiog and cultivation probloms on a Chalky Boulder Clay in East
Suffolk are discussed with reference to soil physical measurements and meteorological data.

2.14 JoHNsroN, A. E. & PEN\y, A. (1972) The Agdetl experiment, 1848-1970. Rothan-
sted Experimental Station. Report for 1971, Part 2, 38-68.

This pap€r estimales the soil P and K accumulated from fertilisers given between 1848 and l95l
and not r€moved in crops grown in thc four<ourse rotation experiment; these estimates are
related to 1953 analyses for soil P and K. Recoveries of the residues by grass grown between
1958 and 1970 are given and related to changEs in soluble P and K in the soils. The effects of
residues on the responses by grass to new drcssings of P and K were also measured.

2-15 JoHNSToN, A- E. (1972) Changes in soil properties caused by the new liming scheme
on Park Grass. Rothamsted Experinun ol Station, Report for 1971, Pafi 2, 177-180.

This paper states the amounts of chalk given so far to the new subplots 6 and c where soil
acidity is to be lessened in the Dew liming scheme. The pH of the 'mats' and the mineral soil
at three depths, 0 to 7.5, 7.5 to 15 and 15 to 22.5 cm at three sampting dates, Novemb€r 1959,
1967 and I971, are given to show the effect ofthe chalk. The apparent retentioD of large quanti-
ties of calcium in the partially decompos€d vegetation of the mat is discuss€d.

2.16 WrDDowsoN, F. V. & PENNY, A. (1972) Results from the Wobum Reference experi-
ment, 1960-69. Rorhqnsted Expetimental Sratiol. Report for 1971, Patt 2, 69-94.

The effects of N, P, K and Mg fertilis€rs aqd of FYM on the yield of six crops and soft fruit
are given and discussed. The amounts of N, P, K and Mg recovercd by the crops from fertilis€rs,
from FYM and from the soil are also given and from these a balance sheet for N, P and K
constructed. The effects of the different manurings on crop yields and soil P aDd K status over
ten years are shown and discuss€d.

2.1'l WTLLIAMS, R.J. B. &CooKE,G. W. (1972) Experiments on herbage crops at Saxmund-
ham, 1967-71. Rothamsted Experimental Statioi- Repofi fot 1971, Part 2, 95-121.

Yields, nutrient contents of grass, Iucerne and red clover grown on a Chalky Boulder Clay in
East Suflolk are related to soil analyses and to feniliser responses. The effects of time offertilizer
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application and frequency of cutting upon crop composition, (particularly N and Mg contents)
and the yield of dry matter per unit of rain are discussed.

RTSEARCH PaPERS

2.18 ADDrscorr, T. M. & JornsroN, A. E. O97l) Potassium in soils under different
croppiBg systems. 2. The effects ofcropping systems on the retentioD by the soils ofadded
K not used by crogs. Iouraal of Agricultural Science (Cambridge) 76, 553-561-

The K balance, the difference between K added as fertiliser or farmyard manure (FYM) and K
removed by tbe crops, was calculated for soils from the Classical and Iry-Arable experiments
at Rothamsted aod for the Woburn lJy-Arable experiment, for the duration of each experi-
ment. Linear regxessions on K balance accounted for 78'% of lhe vaiation in exchangeable K
(K") and for 83% in K uptake by ryegrass (Kp) in the Classical experiments, for 56 and 60 "l
resp€ctively in the Ley-Arable experiments at Rothamsted, and for 39 and 6% in the Wobum
Ley-Arable experiment.

Regressions of K" and Kp on K balance suegested that, in the Rothamsted Ley-Arable
experiments, rather more than half of the K balance remained extractable by ryegrass from the
plots with a rotation of crops, and apparently atl the K balance from those under continuous
gass. About one-fifth of the K balance remained extractable by ryegrass from the soils in tho
Rothamsted Classical experiments and soils given FYM retahed K slightly bettu than other
soils. With all soils about half the K extractable by ryegrass was exchangsable to ammonium
acetate.

The plots with FYM or under continuous gxass cotrtain more organic matter thaD other plots
in the same experiments. The following possible effects of increasing the organic matter content
of the soils were investigated by calculatiDg the multiple reSressions of K. and Kp on K balance
with either percentage of organic C, total cEc, or organic CEC: (l) Ioss of K decreased by
increasing the water retention and lessening leaching; (2) improved K retention by increasing
the total cation exchange capacity (CEC) available for K absorption; (3) improved K retention
by a mechanism arisiog from thc differenr sclectivities of clay and organic matter for K relative
to Ca.

In the Classical expedments, where organic matter usually inqeases because ofFYM additions,
effect (2) seems the most probable, p€rhaps because the K given in the FYM was already absorbed
by organic exchange sites. In the l,ey-Arable experiments, where the K was given mainly as
soluble K fertilis€r and the organic matter develops mainly under gxass, effects (l) or (3) s€emed
to operate, probably simultaneously.

The Wobum Ley-Arable experiment had no continuous grass plots, the soils differed little
in organic matler content and no deductioDs could be made.

2.19 ADDrscorr, T. M, & TALTBUDEEN, O. (1971) The transport of potassium to ryegrass
roots in soils with and without add€d potassium. toumal of Agricultural Scietce
(C anb r i d S e) 7 6, 41 1 41 8 -

The mechanisms responsible for moving K from soil to root were studied by gowing pereDnial
ryegrass in pots containing a flinty silt loam from Rothamsted and a sandy Wobum soil, with
and without added K, at 0.75 water-holding capacity- More water was taken up from the Roth-
amsted soil than from lhe Wobum soil, atrd less was taken up when K *,as added without affect-
ing dry-matter production. After 25, 52, 83,122,194 aod276 days, K uptake, water uptake and
the K concentration in the soil solution were measured and the mass-flow contribution to K
uptako calculated.

Without added K, mass-flow accounted for only about one-sixth of the K taken up from the
Rothamsted soil and about one-third from the Woburn soil. Except at fiIst, diffusion probably
accounted for the remaindq of uptake but was the raterontrolling step for uptake from the
Woburn soil ooly. With added K, mass-flow became much more important relative to diffusion
in both soits, atrd transported more than enough K to account for the measured K uptake.
Root interccption probably did nor contribute to K upiake after the early part ofthe experiment,
because the pots us€d were small.
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2.2O AsHwoRrE, J. & (CoLLER, B. A. W.) (1971) TraDsmissio! of substituetrt effects in
polar reactions. Part I. Field effects in ester hydrolysis. Tratsactions of the Faraday
Society 67,10(9-1O76.

Rate co€fficients and Arrhenius acdvation parameters for the aqueous alkaline hydrolysis of
esters X-CH2OOEI have been measured. The changes, relative to when X is H, caus€d by charged
or dipolar substituents are explicable in terms of direct clectrostatic iDteraction, Gt*een X
and the negative charge in the transition state, govcmed by an intramolecular dielectric permit-
tivity.

2.21 AsHwoRrH, J. & (Corur, B. A. W.) (1971) Transmission of substituent effects in
polar rcactions. Part 2. Relative rates of halide displac€ment aod estgr saponification
in the alkafine hydrolysis of d-haloac€tate €I;ters. Transactiots of the Faroda, Sociery
67, lO77-1O85.

Rate co€mcients and actiyation energies for ester saponification in the atkalioe hydrolysis of
the ethyl esters of the d-haloacetic acids in aqueous solution have been determined by a pH-stat
mcthod with correction for the significant competition by displacement of halide ion for rhe
bromo- and iodo-€sters. While the goss efrects of the halog€ns relative to hydrogeo may be
undelstood by reference to the influence of direct electostatic fields, there is evidence that the
rates of ester sapoDmcation may also be enhanoed by partial displacement of the halide ion in
the transition state. The dissociation of methane sulphonyloxyacetic acid and the kinetics of
alkatine hydrolysis of its ethyl ester have b€en studi€d in rhe light of this hypothesis.

2.22 BENZTAN, B., Fneru-ax, S. C. R. & MrrcHELL, J. D. D. (1971) Isobutylidene diurea
aod other nitrogen fertilize$ for seedlings and transplants of picea sitcherrsis itt two
English forest nuneries. Plo* and Soil3',517-532.

Three slow-release nitrogen fertiliseE-medium- and coarse-sized granules of IBDU (isobutyli-
dene diurea) and formalised casein-were applied before sowing or transplatrting to Sitka spruce
Picea sitchensis, aDd their effe{ts otr gowth compared with that oo plots not given N or given
four topdressings of 'Nitro-Chalk' (rhe source of N used in practice). The comparisons were
mado at two sites: a v€ry sandy podsol and a sandy loam with better nutrieot retention. The
experimeots with seedliogs were continued for four years, those with transplants for three, and
the same tr€atments were applied to the same plots each year.

Responses to 'NitrG.Chalk' were large, especially during wet seasons. Formalis€d casein
was always as effective as 'Nitro-Chalk' for transplants. IBDU (esp€cially the coa$€ fraction)
was almost as good as formalised casein for transplants at both sites and equalled it for seedlings
oo the sandy loam. For seedlings on the sandy podsol, both particle sizes of IBDU became
steadily less effective in succeeding years, and no satisfactory reason can be offered for this
decline.

2.23 BoLroN, J. (1971) Contro[ing soil pH with different N fertilis€rs in experiments with
ryegrass in pots. Journal of Agicultural Science (Combridge) Tl, 549-551.

The pH of soil cropped with ryegrass increased with calcium nitrate as a fertiliser and decreased
with ammonium nirate, especially in the mid-range of pH. Changes above pH 7.2 and b€low
pH4.5 werc small.

Yields of four cuts of grass given either N-fertiliser were similar over a pH rangp (io 0.01M
CaClz) from 4.3 to 7.4. However, the composition of the grass and nutrient uptakes were
affected by both soil pH and form of N fertiliser.

2.24 BoLroN, J. (1971) Tho chloride balance in a fertiliser experiment on sandy soil.
lournd of the Science of Food ald Agriculture 22,292-294.

One-third of the chloride, given as sodium cl oride to kale and barley in successive years, was
recovercd in the harv€sted crops, or in ryegrass grow[ the following year. Crops on ground
not given salt removed amounts of chloride comparable with thos€ in the annual rainfall, so
drainage losses under th€s€ crops werc small.
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Improved analytical rnethods for cbloride in soils and plants are described, using colorimetry
and potentiometric titrations.

2.25 BoLroN, f. (1971) Quantity-intensity relationships for labile sodium in field soils.
tournal of Soil Science 22, 417-429-

ExchaDge isotherms for Na with Ca + Mg in ten unfertilised soils show smaller buffer capaci-
ties for Na than K, larger Na than K activity ratios at equilibrium, and curvatures of the graphs
at small Na activity ratios that could indicate larger exchange energies on about 0 5% of the
exchange sites.

Equilibrium Na actMty ratios in the soils were similar to thos€ in rain, the latter ratios could
be most imponant in controlling Na activity ratios ill soils and the percentage saturation of
exchange complex with Na. The geochemical significance of these ratios is discussed.

2.26 BoLroN, J- & SLoPE, D. B. (1971) Effects of magnesium on cereals, potato€s and leys
growD on the 'coutinuous cereals' site at Woburn. Joutnal of Agriculturul Science

(Canbridse\n,251259.
Symptoms of magnesium deficiency and take-all dis€ase occuntd duing 1967 itr wheat grown
for the second year in succession on the Classical cereal site at woburn. Magncsium fedilisets,
which cur€d the deficiency symptoms and iocreased wheat yields in 1968 and 1969, had no effect

on take-all. Leaves frorn crops severely attacked by take-all contained less nitrogen and potas-

sium than leaves from unattacked plants but not less magnesium. In 1969 magnesium fertiliser
did not increase yields or affect take-all of spring barley on the site but, ir contrast to 1968,

inqeased potato yields. Magnesium fe iliser improved the establishment of clover, especially
on soil containing least magnesium.

Soil analyses show a tedold declin€ in exchaogeable Mg since 1888. Losset were most from
soil given ammonium sulphate and more from the site where wheat was long grown than where
barley was. Differences in soil magnesium did not explain large differences in yields of potato€s
or leys between blocks of the experiments.

2-27 BRrccs, G. G. & Octr rvrE, S. Y. O97l) MetabolisE of 3.chloro-4-methoxyaDiline
and some lV-acyl derivatives in soil. Pesticide Science 2, 165-168-

3-Chloro4methoxyaniline at concentrations of 10ppm or morc in soil is converled to a
mixtue of 3,3'dichloro-4,4'dimcthoxyazobenzene, 3-chlorob€nzoquinone-4-(3-chloro-4-
methoxyl)anil and its rtduction product 2,31dichloro-4-hydroxy-4'-methoxydiphenylamine,
probably by a free radical mcchanism.

The herbicide metoxnron, and its demethylated metabolites probably break down to the
amine too slowly in soil for coupling products to b€ detected. 3-Chloro-4-methoxyacetanilide at
25 ppm rapidly giv€s ris€ to amine couplitrg products in soil sluries and ethyl N-(3-chloro-4-
methoxlphenylkarbamate does so after two months in the slurries.

2.28 JnrnsoN, D. S., NowaKowsKl,'1. z. & MrrcHELL, l. D. D. (1972) Growth ard
uptake of nitrogen by wheat and ryegrass in fumigated and irradiatd s,c.il. Plartt and
.s01736, 149-158.

(For summary s€e No. 3.8,)

2.29 JoErsroN, A. E. (197I) The eflect of ley and arable systems of farming on soil potas-
sinm r€s€rves. h: Potassium and Systens of Grassland Farrntrg, The Potassium Insti-
tute Ltd., No. l, 135-139.

R€sults from the Rothamsted lry-Arable experiments during the years 1952-57 were given to
show how the K manuring of three year sequences of grass leys used in various ways, of lucerne
aod of arable crops affecled the readily soluble K reserves in soils, and the response of potatoes
to extra fertilis€r K. During the following years respoose by potalo€s to ertra K was used to
show how the depletion of soil K res€rvos could be corrocted by applyrng large dressings of
fertiliser K and then prevented by increasi[g the K matruritrg to the ley atrd arable crops
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2.3O JoHNsroN, A. E. & ADDrscorr, T. M. (1971) Potassium in soils und€r different crop
ping systems. l. Behaviour ofK remaining in soils from classical and rotatioo experi-
ments at Rothamsted and Woburn and evaluation of methods of measuring soil potas-
silrm- lountal of Agricuhural Science (Cambridge) 76, 539-552.

Measurements mado on soils from the l-ey-Arable rotation experiments and some oftho Classi-
cal experiments at Rothamsted and Wobum arc describ€d. Values of exchang€able K, equili-
brium activity ratio, equilibrium K potential, and buffer capacity are given for each plot. potas-
sium quantity/inteosity relationships measured for each plot showed that no differences in K
exchange behaviour have arisen as a result ofmanuring or ofley or arable treatments. The only
fundamental variation was in tho quantity of K in the soils. Continuous ley plots, whether given
N fertiliser or contaiDing clover, contained much more K than plots carrying crop rotatioDs.
In the Classical experiment soils, quantity of K depended largely on manuring,

Potassium uptakes by ryegrass grown on the soils from the various plots are dis€uss€d. potas-
sium uptake was well related to quantity of K, better so than to the other I( parameters. The
release of non€xchangeable K to the crop was oonlinearly related to the fall in exchangeable
K in the soils from the Rothamsted Ley-Arable experiments.

Drying and rc-w€tting the cropped soils released K in amounts inversely proportional to the
amount of K in the n orb, cropped soil. This release of K was unr€lated to the original exchang€-
able I( contents of the soils-

2.31 MATINCLY, G. E. G., PEN]{Y, A. & BLrxruonr, M. (1971) Evaluation of phosphate
fertilisers. IU. Immediate and residual values of potassium metaphosphate and
magnesium ammonium phosphate for potatoes, radishes, barley and ryegrcss- loumol
of Agricukural Science (Cambridge\ 76, l3l-141.

Triple superphosphate (21 .6 % P), potassium metaphosphate (25.0 f P) and magnesium ammon-
ium phosphate (19'O%P) were compared as phosphate fertilisers alone and in combioation,
and as powders and granules, in two experiments on acid soils. Basal nutrients were adjusted
to allow for th€ amouDts of N, K and Mg in the test fertilisers. Immediate effects of the fertilisers
were measured by early potatoes and barley, and residual effects by radishes and ryegrass.

All powdered fertilisers, aloDe or in combination, were e4uivaletrt to powdered superphosphate
for early potatoes. The value of granular fertilisers for potatoes ioqeased with the proportion
of superphosphate in the mixtur€s. Sup€rphosphate equivalents of the ganular fertilis€rs were:
magnesium ammonium phosphate, l4%; potassium metaphosphate + magnesium ammonium
phosphate,36%; potassium metaphosphate, 53 %; superphosphate + potassium metaphosphate
+ magnesium ammonium phosphate, 54%; superphosphate + magnesium ammonium
phosphate, 60f ; superphosphate + potassium metaphosphatq 81%.

Residues from powdered fertilirrs, applied to potato€s, were equiyaleot, for radishes, to
residues from powdered superphosphate. Residues from granular fertilisers were more eff€ctive
for radishes than residues from powders.

All powdered fertilis€rs were e{uivaleot to powdered superphosphate for barley cut greeD.
Granular magncsium ammonium phosphate, either alone or mixed with potassium metaphos-
phate, was slightly less effective than powdcr.

Residues from all powdered fertilisers applied to barley were equivalent for ryegrass. Residues
from granular fenilisers, especially potassium metaphosphate and magnesium ammonium
phosphate, produced more grass than residues from powders.

Apparent recoveries of P by the four crops ranged from 24i1to 327" and were more from
granules than from powders. Residues from all fenilisers increascd 0.5M NaHCOrsoluble p
in soils, and mean yields of ryeglass, the final test crop, increased by 3.2 to 5 I cwt dry matter/
acre/ppm Natlcor-soluble P io the soils.

2.32 (SrNcH, M. M.) & TALTBUDEEN, O. (1971) K-Al exchange equilibria in acid soils of
Malaya aod the use of thermodynamic fuoctions to predict the release of non+xchange-
able K in soil to platts. Proceedings of the Intematioaal Symposium on Soil Fertility
Evaluation, New Delhi 1,85-95.

A thermodynamic treatment of cation exchange e{uilib a was used to interpret K-Al exchange
equilibria in 0.01N solutions for nine common acid soils of Malaya. In seveo of the nine soils,
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K was adsorbed morc strongly than Al while for the remaiEiog two, the revers€ was the case.

The standard free energy for formation of K-soil from Al-soil varied from - 2550 to 900
calories/mole.

In all soils, the activity coemcient of the adsorbed K ions. fr, first increassd and thefl decreard
with decreasing K-saturation, while fAr, the activity co€fficient of th€ adsorb€d Al ions, decroas€d
continuously with deqeasing Al-saturation. Betw€en soils, changes in fx with K saturation
varied much more thatr chaDges iD fAr. Excess free energy functions for Al- K exchange calculated
from (fx, fer) values for the soils showed distinct differences between all soils. For soils con-
taining micaceous minerals, thes€ differences in the surface chemistry of the soils were related
to the releas€ of ioitialy non-exchangeable potassium in the soil to Pueraria phaseolotules in
glasshouse experiments.

2,33 STASUBRAMANIAM, S. & TALBUDEEN, O. (1971) Effect of alumioium on growth of tea
(Camellia sinen$is) and its uptake of potassium and phosphows. lourral of the Science

of Food and Agiculture 22, 325-329.

Tea seedlings were grown for up to l0 months in the glasshouse itr ao acid soil, to which solu'
tions of varying K/Al coDc€ntration ratios were given weekly. Duing 8roMh, the zl'K n the
leaf dry matter iocreased with rhe labile K concentration but was nol iofluenced by the Al
concentration in the soil. However, the largest level of Al in soil d€creas€d plant Srowth and

%K in the dry matter. At this level of Al in soil, plant height, number of leaves, dry matter and

%K in the dry matter increased linearly with the K given to the soil. The Z.AI in the plant was
not aflected by the labile K and Al contents of the soil.

A hiefily significaut liDear rclationship was observed between Al and P uptake by parts of the
plant and by the whole plant, even though the soil was not treated with P as a basal nutrieDt.
The Al/P ratios in the 6rst matue l€af, total leaves and stems wore 3'4, 3'0 and 0'8, respectively,
after six months growth. Uptake mcchanisms are proposed to explain this.

2.34 SryAsuDRAMANrArr, S. & TALIBUDEEN, O. (1972) Potassium : aluminium exchange in
acid soils. Part 1. Kirctics. Iourral of Soil Sciencel3. (In the press.)

A kinetic method is described and investigated for determining exchangeable Al in acid soils
using M NHICI solutions whose pH and leaching rate were critical for obtaining accurate and
reproducible values. Molar concentrations of ammonium acetate displaced at least part of the
Al chelated lo functional groups in the soil organic matter.

The adsorption kinetics of K and Al from l0-sM chloride solutions on the NHa-satuated
forms (at the soil pt{) of the6€ soils, under leaching conditioos similar to the 'extraction' nrethod,
showed that, when the atom ratio K : Al > I in the equilibriating solution, initially more K
was adsorbed than at equilibrium, although Al did not 'over-equilibriate' when K : Al < l
At least 24 hourc were required for attaioing equilibrium in K : Al e4uilibria work with soils
and clays.

The kinetics of desorption (extraction method) and adsorption of K and Al obeyed the
firsl-ordel and parabolic rate respectively. This is attributed to the large differ€nce in aoion
concentrations in the two methods.

2.35 (SooNG, N. K., PusHpARArAH, E., STNGH, M. M.) & TALIBUDEEN, O- (1971) Deter-
mination of active root distribution of lletea brasiliewis using radioactive phosphorus.
Proceedingt of the I enationol Symposium on Soil Fe iliry Evaluarion, New Delhi l,
309-315.

Phosphorus uplake by llevea seedlings from outrient solution and by mature llevea trees from
the soil was studied using 32P tracer. The usefuln€ss of leaves and latex for detecting 3,P uptak€
by Hevea was compared. Latex assay was found to be more conyenient and reliable thatr leaf
assay and was us€d to determine the relative distribution of actiye roots of Eevea in three differ-
ent soil zoo€s under study. Maximum root activity was found to be in the first 12 ft from the
trees, rcfl€cting past cultural practices.

Injection of 32P into the truDt of a mature rubber tree showed translocation into the leaves
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and lat€x but no radioactivity could b€ detected in the roots or in the surrounding soil indicating
that truDk inj€ction was unsuitable for estimating the distribution of active rooti in soil.

2,36 TALTBUDEEN, O. (1971) The fertility status ofsoil potassium related to K : Ca exchange
isotherms from 'double-label' exp€rimeots. proceedings of rhe Intemqtional Sympo$it;m
o1 Soil Fe ility Evdluarion, New Delhi 1,91-103.

The potassium fertility status of soils is defined by the .exchangeable' and .non-exchangeable,

K thcy rcleas€ to crops- Soils contaioing significant amounts of K-beariog minerals ielease
various amounts of K from these two fractions.

Thermodynamic functions derive.d ftom the K: Ca exchatrge isotherms of lO EDglish soils
(in 'double-label' exporiments) arE €xamined to elucidate the chang€s io the adsorbed-ion laver
at the suface. Transitions in the activity coefficient of adsorbed K fr, aod the exces enthjpy
with iocreasing K saturalion, NK, suggest the prcsence of minerals or groups of exchange siiei
of different K specificity. Changes in fx and the excess free energr at Nr + O 56qn 19 !."6;",
reliably the ability of the soil to release notr-€xchangeable K to ryograss.

2.37 WrDDowsoN, F. V. & PEI'\Y, A. (1971) Anhy&ous ammonia-yields and recoveries
by spring what. Anhydrous ammoda. proceedings of a sytposium on aspects of irs
tlghralogy and use as a fertilizer, National College of Agricultural Engineering,
Silsoe, 15-17 December 1970. cuildford: IpC Science and Technolo$/ p.o, fta.,
pp. 6l-66.

From 1966 to l96E five experimenls were done with spring wheat; tbrce were on clay loams
overlying Clay-with-Flints at Rothamsted, Hertfordshire, and two on sandy loams overlying
Lowor Gr€ensand at Wobum, B€dfordshirc. In each, anhydrous ammoDia (82 % N) was injectei
itr bands 12 iD. apart aod +5 i!. d€ep along lm ft plots, with a tractor applicaror set t; give
0.5, 1.0 and 1.5 cwt N/acre. The amount us€d was either weighed or measured and then equival_
ent amounts of ammonium nitrate ('Nitro-Chalk 2l') were broadcast by hand and the seediown.

The efficiency of the aDhydrous ammonia relative to ammonium nitrate was ass€ssed first
at ear emergence (in late June) and s€condly at harvest, by measuring yields of dry matter and its
N per cetrt, At ear emergence, yields, N percentag€s atrd apparent N rocoveries wers much
larger from amrnonium nitrate than from anhydrous arDmooia. At harvest, differences were
smaller, but ammonium nitrate gave the larger grain yields especially with the two smaller
amounts of N, and the wheat r€covered more N from it.

Thus, anhydrous ammonia secmcd less emcient than ammonium nitrate, and when us€d for
spring wheat mor€ N than usual will bc needed to obtain a given yield.

3.1

Pedologr Deprrtmetrt

Grmner, Plprn
BLooMFTELD, C. (1970) Tho mechanism of podzolisation. In: .Soil Heterogeneity
and Podzolisation'. llelsh Soils Discussion Group, Rcport No. ll. ll2 123.

PAPER IN RoTHAMSIED R.EPoRT, PART 2

3.2 AvERy, B. W., BuLLocK, P., C^Tr, J. A., NswMAN, A- C. D., Revr.'ER, J. H. & Wrn,
A. H. (1972) The soil of B€Infield. Rorhornsted Experimenral Statior. Repo for
197 I , Part 2, 5-3'l -

RESEARCH PApxRs

3.3 BL@MFELD, C. (1972) The oxidation of irotr sulphides in soils in rclation to rhe
formation of acid sulphate soils, and of ochre deposits in field drains. tournat of Soil
Science 23, l-16.

Aerating pyritic soils causes acidification and the formation of acid sulphate soils, or cat-clay.
The oxidation of pyrire in soils is associated with the deposition in drains of a form of ochrc
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quite distinct from that formed by the action of fiIameotous iron bacteria. Pyrite-derived ocbre
rcsults from the action of Thiobacillus ferrooxidans, ' hich, botow pH 3'5-4'0, catalys€s the
oxidation of Fez+ and pyrite. Io soils l€ss acid thao c. 4, pyrite oxidis€s relatively slowly by ch€m-
ical reactions to Fez+ and SOa2-. Under thes€ conditions iron enters the drains as Fo2+ and is
therc oxidis€d by ?" ferrooxidans and deposited as hydratod ferric oxide. Onc€ the soit b€comes
acid eaough for T. fenooxidans to multiply, the rato at which pyrite oxidis€s increas€s several-
fold, and at c. pH 3 iron appears in th€ drainage water in the ferric form. Liming deqeasos the
rate at which plrite is oxidised.

3,4 BRowN, G., CALLow, R. K., CREEN, C. D., JoNEs, F. G. W., R c.ylrEn, J. H., SHEPEERD,

A. M. & W[LlAMs, T. D, O97l) The structure, composition, and origin of the suu
crystalline layer in some spocies of the gents Heteroderu. Nemstologica 17, 591-599-

(For summary s€e No. 8.5.)

3.5 BRowN, G. & JENK-D.rsoN, D. S. (1971) Bromine in wheat erown on soil fumigated with
methyl bromide. Soil Scietce and Plant Arulysis 2, 45-54.

Patches of discoloured ('scorched') plants developed in witrter wheat in a field that had been
fumigated with methyl bromide. ScorchiDg was gre3test rouDd sites where lhe methyl bromide
was injected and was associated with the uptake of bromine by the plants. The above-gxound
parts of the scorched plants contained up to 0 61% bromine. In one scorched area, the first,
s€cond and third wheat crops after fumigatioo contai.Ded 0'42, O'25 and O'O9%, bromine respec-
tiyely, so that in thr€e years not all the residual bromine had leached from the soil.

Tlle geater the organic content of a soil, the more bromioe remained after fumigation with
methyl bromide; a soil with 2'81% organic carbon contained 63 ppm bromine after fumigation
in the laboratory, aDd an otherwise similar soil, with 0 93% organic carboo, contained 25 ppm.
The r€sidual bromine from methyl bromide fumigation could be extracted with N potassium
sulphate, wher€s the native soil bromine could not.

3.6 CA'r-r, J. A., CoRBErr, W. M., HoDcE, C. A. H., M,c.DcErr, P. A., TATLER, W. & WER,
A.H.O97l) L,oess in the soils ofnorth Norfolk. Iowrul of Soil Scietce 22,444452-

Thin silty deposits cover large areas of north{ast Norfolk, occurring mainly on g€ntly sloping
and flat plateau sitos and on the floors of valleys cut io the glacial deposits. The panicle size and
geogaphic distribution of the deposits sugg€st that the silt is windblown. The mineralogical
compositioo of the silt fraction res€mbles that of the silt of the Hunstanton Till, suggestiog that
most of the deposit was derived as loess from outwash of the Weichs€lian glacier, However, at
some localiti€s the sand and clay components of the deposits were at least panly derived from
subjacent glacial sediments of pre-Weichs€lian age. The distribution of the silty doposits strongly
affects the pattem of soil typ€s, and sometimes the groMh of crops.

3.7 CArr, J. A., (Gep, M. A.), LE RrcHE, H. H. (& I-oRD, A. R.) (1971) Geochemistry,
micropalaeontology and origin of thc Middle Lias Aonstones in north-east Yorkshire
(Great Britain). Chemical Geology E,6l-76-

The chemical and mineralogical composition of chamosite-siderite fuonstotres atrd less ferru-
ginous sandy shales in the Middle Lias succession of north-east Yorkshire are described. The iron
was probably derived from soils formed by acid weathering of Palaeozoic sedimeuts on a lvell-
vegetated Pennino land area. It moved mainly as oxide, but local milclly reducing conditions
during early diag€nosis mobilis€d part of the oxide, so that chamosite was formed, and locally
some pyrites also. The microfauoa (b€nthonic ostracods and Foraminifera) was discouraged by
some feature of the bottom conditions, possibly the con@ntmtion of minor elements derived
from the acid soils. The abundant siderite fonned in later diageo€sis probably originated by
mutual oxidation-reduction of organic matter atrd the remaining iron oxide. Sulphur, zinc, Iead
and other trace elements associated vr'ith the organic matter were then releas€d, and segregated
as accessory sphalerite, galena, etc.
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3,8 JENKINSoN, D. S., NowAKowsKr, T. z. &MIIC'HELL,l. D' D. 0972) Growth and up-

take of nitrogen by rvheat and ryegass in fumigated and irradiated soil. Plan, atd
Sor/ 36, 149-158.)

wheat and ryegrass were grown in pots containing soil that had been irradiated, fumigated with
methyl bromidi, fumigated with formaldehyde, or left untreated' All pots received a basal

dressiug of potassium, phosphorus and magnesium; the response to nitrogen was tested by
applying O, 0'177 o! 0 354 g oitrogen per pot. Irtadiation increas€d the Srowth of wheat and

ryigasi, and their uptake of nitrogen. The amount of fertilisq nikogen e4uivalent to the nitro-
gpD supplied by seeds and soil (the 'N value') can be calculated from the efficiency of uptake of
iertilisei released by irradiated soil. With wheat the inqeas€ itr gowth can b€ attributed solely
to the extra mineral nilrogen released by irradiated soil' However, ryegrass grew a little better
than would have b€en expected had the only effect of iradiation b€en to increas€ the release

ofsoil nitrogen.
Fumicatioq with methyl bromide or formaldehyde inqeased the growth of wheat and rye'

grass noi given fertiliser nituogeo' However, fumigation with Dethyl bromide left ionic bromide

in the soit, and this depressed the growth of wheat given fertiliser nitrogen. Formaldehyde also

left r€sidues; these influenc€d soil metabolism and sometim€s deprcss€d the growth of plants

giYen fertilisq nitrogen.

3.9 Kr^-c, H. G. C. & PnuprN, G. O97l) The sp€ctrophotometric determination of the
purity of commercial dithizone and the purification of small quantities of the reagent

by chromatography. Analyst (Iandon) , 146-148.

The purity of commercial dithizone is determined quantitatively by comparing the optical
density ofa solution at wavelength 620 nm with that of a pure sample. Qualitatively, the purity
is estimated from the pattem obtained by chomatognphing the crude dithizone on Whatman
SG8l (silica-impregnated) paper. Small amounts of the pure rcagent are separated by chromato-
graphi on largp sheets of Whitman SG8 I paper or on a columl consisting of a mixture of equal
paris of acia-wastreO silica get (Kieselgel N) and Celite 545 with b€nzene as eluting agent.

3.lo KRzANowsKr, w. J., & NEWM N, A. C. D' (1972) A computer simulation of cation
distribution in the octahedral layers of micas- Mineralogical Magazine. (In the press')

(For summary s€e No. 12.10.)

3.rl (tHoREz, J.), BuLLocK, P., CA'IT, J. A. & Wrn, A. H. (1971) The petroeraphy aod

;rigin of deposits filling solution pipes in the Chalk near South Mimms, Hertfordshire.
Geolog ical Magaz ine 108, 4l 3-423.

Pipes and other solutioo cavities in the Upper Chalk near South Mimms contain deposits

contrasting with thos€ in similar situations elsewhere in Great Britain. The cavities were formed
near the sib-Palaeogene surface, and most of the deposits in them were derived from the basal

Palaeogene beds (Thanetian aDd Spamacian). A dark brown and very porous clay, which lines

many df the pipes, is composed partly of lhe insoluble residue from the Chalk and partly of clay

eluviated from-the palaeoiene diposits. The clay was deposited from percolatitrg water in spac€s

formed by dissolution of chalk at the margins of the pipes.

3.12 wILLlAMs, c. & BRowN, G. (1971) Uranium content of peaty soils rich in molyb-
denum and selenium from Co. Limerick, Eie. Geodenru 6,22!-225'

Peaty soils from Kilcolman, Co. Limerick, previously shown to contain aoomalously large

amoirnts of selenium and molybdenum, contain up to 550 ppm uranium and 150 ppm bromiDe'

The uranium probably derives from the clare shales aod has probably b€en concentrated on the

peat from drainage waters.
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4.t

Soil Microbiologr Deportment

TrEsrs

Borqsn, P. (1971) The possible role of some eDz'.mes degradiDg plant cell watl suE
stances in the infection of clover by nodule bacteria. ph.D. Ttesis, Univenity of
I-ondon-

GENERAL PAI'ERS

PaRr, P. J:, DAy, J. M. & H^RRrs, D. (19i2) Assay of nitrogenase acrivity by aety-
lene r€duction. IAEAIFAO Grain lzgume Panel, Technical Booklet. 1In tlie press.)

DdBEREDiTR, J., DAy, J. M- & DARr, P. f. e972) Rhizosphere associations b€tween
grass€s and nitrogeD-fxing bacleria: eflect of oxygen tension on nitrogenase activity
in the rhizosphere of Paspolum notatum. Soil Biology atd Biochemistty- (In the press)

DOBERENER, J., DAy, J. M. & DARr, p. J. (1972) Fixacao de nitrogenio na rhizosfera
de Psspqlum notatum e da cana de aclcar. Pesquiso. Agropecwiria-Brasileira. (Ia tbe
press.)

+"".,D..!. (1972) Microbiolos/ of the soil. Report on ,he prcgress of Applied
Chemistry. (In the prcss.)

NI-[MAN, P. S. (l 972) The influence of physical enyironmental factors on the activitv of
Rhizobium in soil atd in symbiosis. IAEAIFAO Grah tegurre panel, Technicql Booitet.
(In the press.)

4.2

4.3

4.4

4.5

4.6

RESEARCH PApERs

4 -7 DdBERTTNER, J., DAy, J. M. & DART, p. J. (t972) Nitrogenase activity of the paspalum
notatum-Azotobacter y'atpali association and oxygen sensitivity. Journal ol G-eneral
Microbiologr,ql, 103-116.

Nitrogenas€ activity in the rhizosphere of a gras, paqalum ruralatn aDd its associated soil was
measu€d by the rcduction of acetylene. Roots of the cultivar 'batatais' colooised b y Azotobacter
pospali, whea taken from the soil, produced I to 32 pmolcs czEaJg dry weight/h, whereas the
cultivar 'pensacola', which is not colonivA by A. paspati, produced less thao 0.5 pmoles g/h.
There was a lag of l2 to 24 hours before maximum, liDear rates of acetyleDe reduction iire
reached. Activity was gx€atost at arou,d poe o.o4 atm. Activity of soil coies containing plants
with leaves attached was little affected by poz and showed no lag. soil-plant co.", -"iiuin"ain a 16 hour day-8 hour night showed no diurnal fluctuation in a;tiviry;;s the da* period was
extended, actiyity dec,eas€d but was restored on retumiog plans io the light. itoots and
rhizom€s had most activity, the soil very little and aerial partJnone. washing thi roots removed
loss than half the activity. Disturbance of soil-plant cores decreased actiyity. The soil next to the
root surface contained most A. pospali; more were associated with activsplants than with l€ss
active plants. sections ofroots showed abundant bacteria adjacent to the root surface. Nitrogen
fixation by the association was estimated to be up to 90 kg N/ha/aonum.

4.6 DdarRxn.'rx, J. DAy, J. M. & DARr, p, J. 0972) Nitrog€nas€ activity in the rhizo-
sphere of sugar cane and some other tropical grasses. plai old Soil !7 -' (ln the pres;)

Roots of sugiar cane had considerable nitrogelase activity and produced up to 5 oM ethyletre/h/g
root by the rcduction of acetylene. The rhizosphere soil aqd soil mid-way between ihe cani
rows also reduced acetylete. Beijeinckia irdica was abundant on roots and in the soil. Nitro-
genase activity was also associated with roots of padcum naximum, pennisetum purpureum
and Cynbopogon c i, rutus.
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4.9 HAYMAN. D. S. & MossE, B. (1972) Plant growth responses to vesicular-arbuscular
mycorrhiza. III. Incrrased uptake of labile P from soil - New Phytolosist 71, 4147 .

Onim plants were grorf,[ in a range of soils laboled with 32P. It was found that although tbe
mycorrhizal plaots had taken up mole phosphorus and grown largcr, the proportion of 32P

to totat P (specific activity) taken up by myconhizal aDd noo-mycorrhizal plants after 10 weeks
was not significantly differcnt. It is concluded that the mycorrhizal roots us€d the same sour@
of labite phosphate but explored a greater volume of soil beyond the zone of phosphate deple-
tion n€ar the root surface. There was no iEdicatioo that mycorrhizal roots had access to sourc€s
of phosphate differeot from thos€ accessible to non-mycorrhizal roots.

The specific activity of NaHcos-€xtractable phosphorus differed considerably bctw€en the
eieht soits but the specific activity of absorbed phosphorus in the plants always corresponded
clos€ly to that of the soil in which they had gxown.

4.lO HEppER, C. M. (1972) Composition of extracellular polysaccharides ol Rhizobium
trifolii. Antonie wn Leeuwenhoek. (In the press.)

Analysis of the extracellular polysaccharides of some related stlains of Rhziobium trifulii ir,di'
catos the presence of glucor, galactose, glucuronic acid, pynrvate and ac€tate. Small differeDc€s
in composition betweeo strains were not related to the nodulating ability or capacity to fix
nitrogen with clover.

4.ll KrEczKowsKA, J. (1972) Establishment of phage and bacteria in sterilis€d compost
inaglasshousc. Plant and Soil. (Inthepress.)

Four strains of Rhizobium trifolii werc individually inoculated to pots contaioing sterilis€d
sand-vermiculite mixture, half of which were s€eded with red clover and half not.

Pots were maintained in an ordinary glasshouse and watered with tap water.
Phage was first detected after four months and almost all pots contained one or more phages

agairlst Rhizobium triforri after nine mooths. The presence of plants itrqeas€d the titre of phages

in some pots inoculated with .R. ,r,/orri but had no effect ou the number of different phagps.

The pots also contained phagcs agaiDst soil bactsria other tha\ Rhizobium indicating that
phages are readily sptead and constitute a part of the life cycle of soil bacte a.

The number of different phages isolated from the pots was affccted by lhe straiJj. of Rhizobium
us€d as inoculum.

4.12 MossE, B. & PIILLES, J. M. (1971) The iDfluenc€ of phosphate and other nutrients
on the developmeDt of vesicular-arbuscular mycorrhiza in cultute. Jow al of General
Mi$obio logr O, I 51 -166.

Vesicular-arbuscular mycoEhiza were €stablishd la Trifolium porvifotum in cull.]re by inocula-
lio\ with Endogone spores. In a medium contahiog 265 mg Pl, as CaHPOa and KaHPOa,
infectiol occurred only when the medium lacked N. In a medium containiDg only l0o mg
P7'l idection occurred readily in the pres€nce of 0'5 g KNOaI.

Calcium monohydrogen phosphatg Ca phytate, Na phytate, Fe phytate, phytio, lecithin and

DNA w€re adequate sources of phosphate for both plant and fungus. Ca ph)4ate aod DNA
greatly stimulated fung;al gxowth, and DNA also stimulated spore formation, in the agar medium.
With Na in the medium iofections in the root wer€ sparse. Inositol may serve as a carbon source

for Endogoae.
Mycoirhizal infection occurred with either FeCls or Fe-EDTA in the medium; when so little

iron was prcs€nt that platrts grew poorly, there was also little mycorrhizal infection.

5.1

Botrny Department

GSNERAL PAPERS

THoRNE. G. N. (t971) Controllod environments for plant growth. Iaborutory Practice

A,719-'l2O and.724-

wr[rIr}rcHAM, C.P. (1912) The relationship between crop physiology and analytical
plant physiology. Glasshouse Crops Research InEtiture Synposium. (In the pr6s')
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5.3 BB.D,I. F., KEys, A. J. & Wnrrmlcruu, C.p- (lgj2) Intercellular location ofenzymes
of the glycollate r, lhway. proceedings of the Second Inten4tioial Conferen[e on
Photostt thesis (Iraly, 192). (In thepress.)

Freeze dried powders prepared from leaves of Nicoriata ,abacum var. White Burley were gound
in a mortar with or-without milliog aDd the chloroprasts s€parated using non-aqueous solvents.
There was no significant loss in enryme activity during the fractionation procedure. There was
more glycollic oxidas€ and glycerate dehydrogenase outside than inside the chloroplasts. using
the activity of pyruvate kinase as a measure of the degree of contaminatioo of thi chloroplasi
fraction_ by nol+hloroplast material, an upper estimate of contamination of 30 % was catcutitea.
When the ball-milling procedure was omitreq the enzlmes concemed in the giycollate pathway
appeared to a greatu extent in the chloloplast fraction. Serine-glyoxylate transiminase of slight
aclivity was distributed simitarly to glycollate oxidase ana glyceiate denyarogenase, consistint
with all three eozymes being localised in the peroxisornes. A decarboxylati,on wlth a concomitant
synthesis of s€riDe observed both with fre6h leaves atrd with crude homogenates was catarysed
by a different eD4.me system. The reaction was not signmcaotly stimul;ted by adding tetn-
hydrofolate _or NAD. The decarboxyrase activity was increased with iocreas€.d'oxygeo-partiar
pressure and during the reaction oxygen was taken up; it was inhibited by various compounds
known to.iDhibit mitochondrial proc€sses and it is suggested that the enzyme system responsible
is probably located in the mitochondria. Non-green or etiolated prant tissue ihowed relativery
littleactivity.

5.4 @ysoN, P. W.) & WArsoN, D. J. (1971) An analysis of the efi€cts of nutrient supply
on the groMh of potato crops. Annals of Applied Biotogy 69, 47_63.

Fertiliser nitrogen did not delay tuber initiatioq by the potato variety King Edward in the field,
but slowed the early gxowth of tubers. Later, N hastetred tuber growth ani the largest amouDts
prolonged it.I-eafaad stem growth were increased by N from alearly stage. Leafa-rea index (L)
reached maxima of 2.5 to 3.0 with the larg€st amounts of N, anO t.O *lth no nitrogen: i
deqeased after late July, faster with iDcreas€d N, and only the largest amount prolonged Ihe life
of the haulm. N increased leaf area duration (D) by up to 125;l in both yean. D was 2l)(
greater in 1964 thaD 1963, and net assimilation rate in August-and September *as targ;l
coDs€quently mean yield was 50% morc in 1964. Uptake of nitrogen 

""0 
NZ of a.J, ;"ii"i

were increased_ by increasing nitrogen. The N% of tub"' dry weight .cmained corrstant oi
increas€d slightly from about two weeks after tub€r formation, while N % ofthe leaves anrl stems
deqeas€d rapidly, and much N was transferred from tops to tuben. The t964 results sug€;t
that tub€r growth dep€nds oo coDtinucd nitrogen uptaki by the plaot.

. l^11d K.!"9 :.qll €ffects compared with thoso of N. K increased Ieaf area duration by 9 fo
Il?63 1nd.3-"4-in 1964, and yield by l.l and 8f respecrively. p increased l€f area ar-ti6.6i
l7'% a'd yi.ld by 9i4 iD 1964. K had very smal effects uotir the end of the season, whin it
prolonged the period of gowth. p increased groMh rates of all parts of the plant up to fou,
weeks from emergence, and the differences in dry weight at that time penisted to.";;ti;;i
did oot increase.

5.5 SpENcE, J. A. & HuMpHRrEs, E . C. (1972) Effect of moisture supply, root temperatur€
1lld erorth regulators on photosynthesis of isolated rooted I;v; of srr""i potuio
(Ipornoea batatus). Anwb of Botany 16, ll'_121 -

Isolaled rooted sweet potato leaves were used to study the effect of carbohydrate aqd storage
on photosynthesis. Tubering of the roots was controUed (l) by varying the moisture 

".o*a tfriro_ots, (2) by- yarying the root temperature, and (3) by treating-the leav-es with growth ,egrit.;,when tubering was g,eat€st, the totaldrv matter formed peiunit u.." or i.."r *"" urro"d.iii.
B€nzyl adenine applicd to the lamina increas€d the proportion of total dry matter in the tubers.
. Th: resllts indicate_ that increasing tuber growth inireases oet 

^riJ'"tion ot", ,upporti.g
tho view that rate of photosynthesis dcpends on the capacity of sintsio iccept pho;ry;tl;i;.-:
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5.6 TaorNr, G. N. & (BLAcKLocK, J. C.) (1971) Eflects of plant deosity and nitroger
fertiliser oD groMh and yield of short yarieties of wheat derived from Norin 10. ,{raral.r
of Applied Biologr 68,93-111.

The short varieties ofspring wheat, IJ.ma Rojo 64 (R) and Meico 120 (M), derived from Norin
lO, had similar yields of g:rain to the taller European variety, Kloka (K), when the nitrogen
applied ranged from 50 to 200 kg/ha.

All varieties had their maximum yields of about 500 g/m2 of gxain, with 125 kg/ha of N.
Yields of R and M were unaffected by change in plant population from 75 (M) or lO5 (R) to
298 plants/m2. There wero 213 plants of K per m2. When compared at similar plaot populations,
all varieties had a similar number of eals of similar weights. Ears of K had many small grains
borne on many spikelets. Those of R had fewest spikelets and most grains per spikelet. With
2l 3 planrs/mz about 60 % of shoots of K and 70 % of those of R and M suryived to produce ears.

The short variety of winter wheat Gaines (G), derived from Norin 10, had a similar yield of
glaitr to the taller European variety Cappelle-Desprez (C), when nitrogen ranged froE 75 to
300 kg/ha and there were 240 plants per m2. The largest grain yields of both varieties, about
670 g/m2, were obtained with I 50 kg/ha of N. Increasing the plant population of G to 4OO pla.ots/
m2 decreas€d graitr yield by l0f, G had moro €rs than C and the ears weighed less because the
grains were smaller. The numbers of grains per ear were similar: ears of G had fewer spikelets
thao C, each bearing more gains. G always had more shoots than C and aboui 70)( of the
shoots produced by each variety survived to form ears.

The dry weight per m2 of stem plus leaves of the short varieties was less than of the tall ones
at flowering and at maturity. Hence harvest index (ratio of gain yield to total dry weight),
and tho proportion of total dry weight in the ears at flowering were greater for the short than
for the tall varieties.

Grain leaf ratio, the apparent emciency of the leaf area pr€sent after flowering in producing
gain, estimated as grail dry weight divided by leaf arca duration after flowering, wils geatest
for M and least for K in the spriog experiment. No similar difference occurred between the
winter varieties. When leaf area of either spring or winter varieties was increased by nitrogen
fertiliser or denser sowing, grain yield did not increas€ proportionately and so grain leaf ratio
deoeased.

5.7 WHEELER, A. W. 0971) Auxins and cytokinios exuded during formation of roots by
detached primary leaves and stems of dwarf Frcnch bean (Phaseolus rulgdri$ L.l.
Planra(Berlin),128 135.

Hypocotyls of detached stems standing in culture solution produced adventitious roots soooer
than did p€tioles of detached primary leaves. An auxin, probably 3-indole acetic acid, appeared
in the solutions before the hwocotyls or petioles produced roots. After attaining a maximum.
the amounts of auxitr in the solutions decreased as fewer roots were formed. Two cytokinins
were fouDd in the culture solutions; one had a similar Rr to zeatin, the other ran more slowly
oD chromatograms. Stems soon died unless their hpocotyls formed roots, but the primary
loaves survived without roots forming provided a callus formed on the petiole. Hence adventi-
tious roots, or callus tissues, may have produced cytokinim that rcplaced those produc€d by the
origiDal roots, found in sap exuded from the stem stumps, and were ess€ntial for survival of the
stems and leaves.

5.8 WLLTAMS, E. D. (1971) Germination of seeds and emergenc* of se-dliogs of Agropyron
repens (L.) Beanuv, tyeed Research ll, l'11-181.

Soeds of Agropyron reperE (L.) Beauv, have little innate dormancy and germinate mainly durilg
autumo, but germioation may be delayed by cold, inadequate moisture or deep burial. S€edlings
emerged from all viable seeds sown 5 cm deep but from only 4% of thos€ l0 cm deep. Many
seeds are viable when green and immature. At Rothamsted, spike emergence and flowering
wer€ earlier in 1970 than in 1968 and 1969 but more seeds became viabte more rapidly in 1969.
Higher temperatures in May and e3rly June in 1970, and after flowering in 1969, probably
account for most of thes€ differences. Germination is facilitated by a diumal altemation of
temperature, but morg old than young seeds can germinate at a constant temperature.
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5.9 WLLTAMS, E. D. 0971) Effects of light intensity, photoporiod and nitrogen otr the
gxowth of seedlings of Agropyron repens (L.) Beauv. and Agrostis gigantea R.oth.
Weed Research ll, 159-170.

Se.dlings of Agropyron repens (L.) R?anv. aDd Agrostis gigontea Roth. were grown in two light
intensities with two photoporiods and with two amounts of trogen. On two occasions plants
were also transferred between photoperiods.

The early growth of thc s€edtings was increased most by increasing the light intensity, but
later nitrogen had the greatest effect. In short photoperiods, plants of both species were decum-
bent and had many more shoots than in long photoperiods. At the cnd ofthe experiment, plants
of both species responded more to nitrogen in bright than in dim light and the drv weight of
Agropyron was increased mor€ than that of ,r8'rosrt by increas€d photoperiod and nitrogen.

Agropyton iniliatd, fiizomes sooner than .48'rorriJ ; it had fewer rhizomes but they wer€ longer
and thicker and weighed more. Brighter light, longer photoperiod and nitrogen all increased
rhizome weight. Photoperiod did this mainty by producing more rhizomes, light by increasing
thickness or density, and nitrogen by both. The effects of photoperiod and nitrogpn on the rhiz-
ome dry weight of ,4 glopyron, bll not of ,{8'ro.tr,s, were additive.

Transferring plants from short to long photoperiods or from long to short, respectively in'
creas€d or decreased total go\+th, but had an opposite effect on the rhizomes.

Bioctemistry Department

BooK

Itaf prcteini its ogroromy, preparation, quslity and use. Ed' N' W. Piriq International
Biological Programme Handbook No. 20, Oxford: Blackwcll, 192 pp. CoDtributions
from Rothamsted arc:

6.1 ARKCoLL, D. B. (1971) Agotromic asp€cts of l€af protein production in Great Britain,
9-r 8.

6.2 ByBs, M. (1971) The amino acid composition of som€ leaf protein pr€parations,

95-114.

6.3 PRE, N. W. (1971) A survey of other experimsnts on protein productioD, 29-43.

6.4 PrRE, N. W. (1971) Equipment aDd methods for extracting and separating protein
53-42.

6.5 PIRTE, N. W. (1971) Drying, prcservation, solvent €xtraction and s€paration into
'chloroplast' aDd'cytoplasmic' fractioDs, 8G94.

6.6 PrRE, N. W. (t971) The us€ of the by-products from leaf protein cxtraction, l3t-137.

6.'t PrpG,N. W. (1971) The pr€s€ntation of lcaf prolein on the table, 155-163'

GBTWAL PAPEnS

6.8 Hor.DEN, M. (1971) Hortfordshirc fungus records. Aearics and Boleti 195l-1970'
Trqisactions of thc lfcl$ordshire Notwal Hktory Socicry n, 121-150.

of Foo.l Nutitiol Fd. R. N. Fiennes, Oxford: Pergamon Press. 18, 9-25.

6.10 PrRE, N. W. (197I) Some obstacles to innovation. Pug*'ath Newslerter 9, 1G22.
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6.ll PB.E, N. W. (1971) htroductioD to symposium: A discussion on optimal coDditiotrs
for photosynthesis in a wholly artificial eDviroometrt. prcceedings d the Royal Society(B)tD, t73-17s.

6-12 PBrE, N- W. (1972) The biosphere without maa. In symposium; Ecology in theory
and practice. Institute of Cootemporary Arts, A, p. Watt & Son.

6.13 PtruE, N. W.0972) Plants as sourc€s of unconveotional protein foods. In symposium;
The biological effciency of protein produuior. Reading: Cambridge U"iveiS& p.ess.

6.14 PrRrE, N. W. (1971) Comment on the.green rcvoluti on'. proceedings of rhe 2lst pug_
wash Conferetce (Sinaia, Rumania), 122-124.

6.15 PrRrE, N. W. (1972) The production of food proteins. In symposium: R$eqrch and
education in fundonental biolog y rclevan, ,o hunun welfure. *atile.'

6.16 PRrE, N. W. 0972) Academic asp€cts of applied research on food proteins. In
symposium: Research oid education in dcveloping coun ries. Caracas, proceedings of
lst PatArterican Associatiol of Biochemical Societies,.R/6. AIso ln froceeatfts i1
,he 21s, Pugwash Corference (Sinaia, Rumania), 321-331.

6.17 PRrE, N. W. (1972) The use of leaves as sources of food proteio. Roopvati. (In the
prEss.)

6.18 PRE, N. W. (1972) On r€cogoising life. lr.: Molecular evolution: ptebiological and
biological. Ed. D. L. Rohlfing New york: plenum publishing Co.

RESEARCH PApERs

6.19 ARKCoLL, D. B. & DAvys, M. N G. O97I) The production and use of l€f prolein.
The Chemical Eagineer 25.1,261-264.

Growing plants sp€cificauy to produce leaf protei,, and usiag machinery that extracts it effici-
ently, have given yields of 2000 kg/ha of good qualitv proteio in a year. A 30 hp unit will extract
up to 90 % of the nitrogen from as much as two tons of crop in an hour.

'The process is arousing increasing iotercst in the dev€loping cou[tries as a local method of
alleviating proteio malnutrition and it allows fodder to b€ us€d much more efficiently in counrrio
such as the United Kiogdom.

6.20 BA*DEN, F. C. &h,,,N. W. (1971) Factors afrecting the infectivity ofextracrs from
tobacco leaves infected with tobacco mosaic vir's- proceedings oy'tst tan_Anerici
Association of Biochemical Societies, Rlg.

In some circumstatrces, TMV: RNA liberated from TMV by treatment with phenol in the
presence of leaf pulp, becomes attached to the fibre, inactivated by small moleculesin rhrexi;i,
and hydrolysed by phenol-stable RNas€.

6.21 HLL, J. M. 0972) The oxidation of Scbifr bases of pyridoxamine with c._oxo acids
by manganous ious and peroxidase. Biochemica! Jounal. (In the prcss.)

Mo2+ ions with pyruvate or anothor d-oxo acid catarys€s the oxidative deamination of pyridox-
amine to pyridoxal. The r€ction starts after a lag period which is snortened by peroxidase uut
peroxidase does not aff€ct the subsequeDt rale or the total amount of oxygen talen up.

6.22 fERvrs, L. (1972) Atrnity chromatography of tobacco ribonuclease. Biochemicol
tournal ltl,29P.

The preparation and us€ of three specific adsorbents based on guanosine 2,(3J phosphate is
described.
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CENERAL PAPERS

7 .l BAWDEN, F. C. (1971) Alfred Alexander Peter Kleczkowski, 1908-!970. Biographical
Metwirs of Fellows of The Royal Society l7 , 430-440.

7 -2 (BRUN[, A. A.) & KE'rEN, R. H. O97l) Viruses infecting coeoa. Revie'D of Plant
Pathology 50,591-{i2-

7.3 Gnrconv, P. H. (1971) Airbome mioobes: their significaoce and distribution. The
lreuwenhoek L€cture, 1970. Proceediws of the Royal Society of London (B) lTl,
469-443.

7 -4 GREGoRy, P. H. (1971) The leaf as a spore trap. lrl:. Ecology of leaf surfoce micro-
organisms. Ed. T. F. Preece & C. H. Dickinson, London and New York: Acad€mic
k€ss, pp. 239243.

7 .5 GREcoRy, P. H. (1971) Black pod disease: the future. Report 3td In emational Cocoa
Reseorch Conlerence Accra, 1969, pp. 365-369-

1 .6 Hnsr, J. M. (1969) Diss€mioation by wind; Io:. Pldit disease, 3rd Ed. McGraw-Hill
Encyclopedia of Science and Techtology, pp. 365-366.

7.'7 HrRsr, J. M. & srEDM^N, O. J. (1971) Pattems of spore dispersal in crops. In:
Ecolog of leaf surlace micro-orga sms. Ed. T. F. Pre€ce & C. H. Dickinson London
and New York: Acadomic Press, pp. 229-237.

7.8 KtNrEN, R. H. & (hcc, J. T.) (1971) Varietal resistance of cocoa to swollen-shoot
dis€ase in West Africa. F.A.O. Plsnt Prctection Bulletin 19, l-ll.

1 .9 LAPwooD, D. H. & HIDE, G. A. (1971) Potato diseas€s. Ini Diseoses of crcp plants.
Ed. I. H. Western, London : Macmillan, Cha.pter 7 , W. E9-122.

7 -1O SALr, G. A. (1971) Conifer s€€dling patholoey. Repo on Forest Research (London)
197 I, pp. t3l-112.

7.ll WALLER, J. M. (197t) The spread of Coffee Rust. SP,4]v 14,Pan3,p.l42.

7 .12 WArsoN, M. A. & PLUMB, R. T. (1972) Aphid transmissior of plant pathogenic virus.
huaal Reiew of Entonology 17, 42452.

7 .13 (WELLrNcs, L. W) & LApwooD, D. H. (1971) Control of Common Scab by the us€ of
irrigation. if.1.,4.S. Quofierly Review No.91, 128-137 .

RxsEARcr{ PaPERS

7 .14 BoLroN, J. & Srore, D. B. (1971) Efrects of magnesium on cereals, potato€s and leys
grown on the'continuous cereals' site at Woburn. lou al of Agricuhural Science
(C anbidse) TI, 253-259.
(For summary s€e No. 2.26.)

7 .15 (BRUNr, A. A.) & KEL"TEN, R. H. (1972) Pepp€r veinal mottle virus---a Dew memb€r of
potato virus Y group from pepp€rs (Cor'J,cum aruuum L. and C.Itutesce\s L.) in Gha'Ja.
Awab of Applied Bioloey 0972). (In the pr€ss.)

Pepper veinat mottle virus (PVM[, a prwiously undescribed virus widesprrad ir Capsicrott
ouum and C. fiutetcens in the Easlem Region of Ghana, is transmitted in the non-
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persistent manDer by apbids (Myzu! persicae and Aphia gossypiit, aDd by inoculation of sap to
ll of 15 Solanaceae and to five of46 other sp€cies within three of 17 other families. The virus
was propagated in Nicotiana clevelandii ar,d Petunia hybrida, ao,d assayed in Chenopodium
quinoa, C, arraranticolor ud C. murale. Sap fiom Capsicum arrmz was infective after dilution
to 10-s but not l0-4, after l0 minutes at 55'but not 6o"C, and after s€ven but not eight days at
25'C. Lyophilis€d sap from P. hybrida was infective after six years ii eoeuo.

Yietds of 10-25 mg of virus p€r kg of leaf tissue were consistently obtaind' ftom P. hybida
or N. clevelandii by extracting systemically-infected leaves in 0'5M borate (pH 7'8) coDtaiEing
0.2% mercaptorthanol and chloroform, followed by rep€ated preaipitation with 50g poly-
ethylene glycol (M.W. 6000) per litre, several cycles of differential centrifugation ard centrifuga-
tion in sucros€ density gradient columns.

Virus preparations had ultra-violet absorption sp€ctra typical of a nucleoprotein containing
c. 6l t\dcic acid (A 260/280 : l'25; A2@1246:1'27) and contained numerous unagigre-
gated and unbroken filamentous particles c. 770 x 12 nm which s€dimented as a single compo-
nent with a sedimentation coefficieDt (S"ro*, ) of I55.S. PVMV contained RNA (C:24%,
A :23%, C :27%, U : 26y), and a single protein species with a molecular weight of
32 000-33 000 daltons. PvMv was not serologically related to potato virus Y (three straios),
bean yellow mosaic, tobacco s€vere etch, lumip mosaic virus (three strains), henbane mosaic
and eight other morphologically similar viruses, and seems to be a distinct member of the potato
virus Y $oup.

The cryptogram of PVMV is R/(l) ; r(O :E/E : S/Ap.

1.16 CocKBArN, A. J. (197t) Epidemiology ard coDtrol of weevil-transmitted viruses in
field beans. Prcceedings of the 6th British Insecricide and Furyicide Cor{erence (1971)
1,302-306.

Broad bean stain virus and Echtes Ackerbohnemosaik-Virus sometimes cause indistinguishable
mottle and masaic leaf symptoms in field beaos. Combined iocidence of the two viruses ranged
from2to92Y"it nine crops of field beans examined in 1970 and 1971. Early infection of field
beans by either virus can decrease yield by c.7o'%. Both virus€s are transmitted through se€d

and by adult weevils of lhe ge\era Apion aod Sr'/or@. Of treatments tested, aldicarb appliod to the
soil at drilling time controlled adult weovils b€st and checked spread of both virus€s; gamma
BHC applied to the foliag€ was much l€ss eflective.

7.17 C,RBET[, D. C. M. & HDE, G. A. (197t) Interactions betw€en lletercdera rcstochieqsis
Wol[ and yerticill mt dahliqe Kleb. on potatoes and the effect of CCC on both, An rals
of Applied Bioloey 6,71-80.
(For summary see No. 8,7.)

7.18 C-onrErr, D. C. M. & Hmq G. A. 0971) Chemical control of Ve icillium dahliae
and Helerodera rottochiensis on potato€s. Proceedtrys of the 6th Brilish Inseclicide
and Fwtgicide Conference (197I) l, 258-262.

7 .19 EBBEl.s, D. L. (197t) Effects of soil fumigation on soil nitrogen and on disease inci-
dence in winter wheat. Amab of Applied Biologr 67, 231243.

WiDter wheat was gown in soil fumigated with 'D-D', 85 % dazomet dust or formalitr, aod top-
dress€d with 0 o! 125 kg nitrog€n/ha. Six weeks after ftmigation, there was much more alnmon-
ium nihogen in fumigated than in unfumigated soil. Nitmte was also more after fumigation with
dazomet, but less after 'D-D' and formalin. After five months, only 'D-D' plots had l€ss nitrate
and more total mineral nitrogen than unfumigated plots.

"fake-all (Ophiobolus granrirJ) was less prevalent in the first crop after dazomet or formalin,
but was more prevalent in the second crop than after other treatments. Eyespot (Cercosporella

herpotrichoides) was decreased only by formalin and only in the first crop after applying it.
FumigatioD has little eff€ct on the incideDce of other dis€ases r€corded or on gmirl yield, except

that yields were light on 'D-D' plots in the first crop after fumigation, wheo eals were severely

defonned,
34t
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7 -2O GovEq D. A. & WooDs, R. D. O97l) Changes induced by magnesium ions in the
morphology of some plant yirus€s with filamentous paftrclfs. Jounal of General
Y ology 13, 127-132.

Particles of henbane mosaic virus in extracted plant sap were usually straight and 900 nm long
but occasionally flexuous and 800 nm long. The leogth and flexuousness of the particles depen-
ded on the composition of the extracling medium. Wheo exposed to magnesium ions (0 05M),
tbe particles were loug and straight but when expos€d to 0 o5M-EDTA they were shorter
and flexuous. Similar morphological differences were found when pepp€r veinal mottle virus
or bean yellow mosaic virus was exttzrcted in the two solutions. With pepper voinal mottl€
virus, each form of particle could be converted to the other by changing the medium.

7 -21 KAssANIs, B. & B.rsrow, C. (1971) In yiyo phenot)?ic mixing betw€en two strains of
tobacco mosaic virus- Iounal of Geaeral Viology 1O,9198.

PMr, a mutant of lobacco mosaic virus, has a defective protein and exists in the plant as free
RNA. When inoculated together with the colapea straiD of tobacco mosaic virus, under condi-
tions when both can multiply, the RNA of PMz can become coated with the protein of cowpea
mosaic virus and thus becomos stable.

7 .22 KAss,c.Nrs, B- & B^srow, C. (1971) The relative conc€ntralion of infectiv€ iotact vfuus
and RNA offour strains oftobacco mosaic virus as influenced by tempF-rut|lre. Journal
ofGeneral l/irology 11, 157-170.

The multiplication of four strains of tobacco mosaic virus was compared at temperatures of
2e to 25'C and at 35'C by estimating the concentration of total infe{tive virus RNA, intact
virus, virus artigen and insoluble virus protein i! plaots at differeDt times after inoculation. Th€
four stlaios were: the type strain, nitrous acid mutants PM2 and Nil18, and the 'thermophilic'
strain TC. The concentration of total infective RNA of a[ four strai[s reached it maximum
conceotration about a week after inoculation and was about ten times greater at 20' than at
35'C, but the infectivity of intact virus aBd the yirus antigen titre varied with the strain. Tho iDtact
virus aod virus aotigetr conc€otratioos of the typ€ strain were decreased similarly to the RNA
con@trtration when the temp€rature was raised. Nil18 produced very little infective intact virus
at 35' but as much at 20'C as the type strain, alrhough the particles were less well formed.
Iotact virus of PM2 was not found at any temp€rature so the virus protein s€€ms non-fulctional.
The strain TC produced about as much infective intact virus at 35'C as the typ€ straiD but much
Iess virus at 20"C than at 35'C.

Virus multiplication of the four straios was affected by increased t€mperature in two ways:
(l) the replication of the RNA of all strains was iDhibited; (2) the RNA of those strains with
defective protein was degraded. Degradation was most obvious with PM2, the inf€ctivity of
which, after a maximum was rcached, declined increasingly fast with increasing tompcrature.
Fr€e RNA of Ni118 accumulated at 35"C b€cause the protein b€came insoluble but, in contrast
to PM2, some complete virus was produced. Therc was no free RNA in plants infected with
type straio. The apparently geater infectivity of TC at 35'C than at 20"C resulted from the fact
that its RNA is badly coated at 20"C, forming unstable particles. The concentrations of total
iDlective RNA of type straio and TC at 35"C did not differ.

When infecled platrts were transferred from 35" to 20"C, the infectivity ofintacr virus ino€ased
with the type straio aud still more with Ni I I 8.

7.23 KassANrs, B. & BAsrow, C. (1971) Pheootypic mixing between strahs of tobacco
mosaic virus. lournal ofGeneral Yirology Il, 17l-176.

Strain Nil I 8 of tobacco mosaic virus in tobacco plants kept at 35'C exists mainly as free virus
RNA and insoluble virus protein but also forms a few intact virus particles. Buffer extracts of
iofected leaves have, therefore, very little iDf€ctivity. Similar extracts from plants inoculated with
a mixture of Nill8 and the type strain tested on plants in which only Nill8 gives symptoms
are very much more iofcctiyc (,10 to 5m times). The increase in the Nil 18 iofectiyity of leaf
extracts is even greater when the leavcs are infected with the Nigerian cowpea virus instead of the
type strain. The cowpea yirus is a strain of tobacco mosaic virus only slightly serologically
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related to Ni I18. Neutralisation of infectivity t€sts, using homologous and heterologous antisenr,

showed that the increased infectivity of Nil 18 in dual infections is caused by the nucleic acid
of Nill8 b€ing incorporatcd in protein of Nigerian cowpea virus.

7.24 KAssANrs, B. & GovrER, D. A. (1971) New evidence on the mechanism of aphid
tnnsmission of Potato C and Potato Aucuba Mosaic \iruw. tournal of General
Virology ,O, 99-101.

't.25 KAssALrs, B. & GovrER, D. A.(19?l) The role ofthe helper virus in aphid transmission
of Potato Aucuba Mosaic Virus and Potato Virus C. lournal of Gercral Vhology
13,221-228.

Potato aucuba mosaic virus and potato virus C were tmnsmitl€d by the aphid Myzus persicae,

not only from plants also infected with a helper virus, but also from plants infected with them

alone, provided the aphids fed frst on plants infected with the helper virus. Several different

virusesicted as helpels but atl are in the potato virus Y group. Helper viruses differed in the

efficiency with which they aided potato aucuba mosaic virus atrd potato virus C, and some
potato aucuba mosaic virus isolates were transmitted more frequently than othe$. With potato
virus Y as helper, up to 30% of the aphids transmitted potato aucuba mosaic virus. Aphids
were usually fed for brief periods on plants infectd with th€ helper virus but aphids fed for
two days also transmitted potato aucuba mosaic virus readily. Starving the aphids for one to
two hours b€tween their acquisition feeds on plants infected with helper and aid€d Yirus decreased

but did not eliminate transmission.
The helper virus need not be iofective; potato aucuba mosaic Yirus and potato virus C \f,ere

transmitted as frequently wheo transmission of the holper virus was prcvented by exposing thc
source leaf to Uv mdiation as when it was Dot. Virus was not transmitted by aphids fed througtt
artificial membranes on extracts of leaves infected with potato virus Y, potato aucuba mosaic
virus or a mixture of the two. However, potato aucuba mosaic virus was transmitted from extracts
by aphirts fed tkough membranes when the aphids had previously fed otr a leaf infected with
potaio virus Y. Similarly, potato virus Y was transmitted from leafextracts by aphids fed tbrough
membranes when the aphids had previously fed on a potato virus Y-iDf€cted leaf that had bcen

iriadiated with UV to prevent transmission of potato virus Y from this source.

Possible mechanisms for the transmission of the help€r and aided viruses are discussed.

7.26 KAssANIs, B. & Mu-Ne, R. G. (1971) An unusual inclusion in plans infected with a

Tobacco Mosaic Virus mutant. lounal of General Virobgy ll' l93.l95.

7 -2'l KEL"rEN, R. H. & (LEc,c, J. T.) 097t) Serological relationships of some viruses from
co(f;/a (Theobroma cacao L.) in Ghana. Annab of Applied Biologv 67' 195-200.

Strai$ A and Anibil of cocoa swollon-shoot vtus are s€rologically closely related. They are more

distaDtly related to strain M and cocoa mottle-leaf virus (Kp€ve isolate), which are distandy

related to one another. Strains A and Anibil protected against one another in cocaa s€edlings,

but no protection was found with any other combination b€tween thes€ four virus isolates. All
mealybug-transmitted cocoa viruses in West A-frica are probably b€st considercd as stains of
cocoa swollen-shoot virus.

7.28 LACEY, J. (1971) Thenioactinomyces sacchari sp. nov., a thermophilic actinomycetc

causing bagasrcsis. lounal of General Mictobiology 6, 327-338'

A new species of thermoPhilic monosporic actinomycete, isolated from mouldy sugar caoe

bagasse, is described as Thermoactinomyce$ sacchari sD. nov. It is distinguished from T. vulgoris

Tsiklinsky by short tufted aerial mycelia that rapidly autotys€ and are not always s€en, by bcar'
ing spores o; short sporophores, by its app€aranc€ on differ€nt culture media and by s€rological

difterenccs. Both spocies have heat-resistant spores containing dipicolinic acid and with the

structuc of bacteri;l endospores. A sufferer from bagassosis who inhaled €xtracts of T. sacchari

develop€d symptoms characte stic of the dis€as€.
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7 .29 LAcEy, J. (1971) The microbiologr of moist barley storage iD uosealed silos. Annals
of App lied Bio logy 69, 187 -212.

The microflora of moist barley grain and whole-crop barley silage storcd iq top-unloadiog,
unsealed concretcstaved silos on six farms in England depended on the ioitial water cootent ;f
the glair] (23-587), method of coyering the grain, and the rate at which it was unloaded. Fuogi
and actinomycetes were few€st when the initial water coDtent exceeded 30%, and the grain w;s
covered first with a layer of wilted grass, aDd then a plastic sheet. During unloading, the upper-
most layer of grain remained in good condition provided 7 5 cm was removed daily.

With an inefficietrt top-seal, the top grain heated aqd became mouldy, as it also did when
unloading was slow. As the rate of unloadiog slowed, heatiog increased, and a characteristic
succession of fungi and actinomycetes developed, With uDloading at 7,5 cm/day or more, only
yeasts, chi€fly Endomycopis choddtii Wicketham and, Hansenula anomala (ltan*n) H. & i.
Sydow, were abundant but at slightly slower rates of unloading penicillium sp. also became
common. Both th€6e groups became less corrrmoD as unloadiDg was slowed further and were
replaced, first by Absidia spp. arld, Mucor pusillus Li\dt, tlrcn Aspergi us fum84rrr Fr€s.,
Humicola lanuginosa (Griffon & Maublanc) Btnce, Micropolysporu faeni Ctoss, Maciver and
Lacey, and Thermoactinomyces rrlgcrrt Tsiklinsky as the heatiog increased. The number of
spores (itrcluditrg bacterial cells) that could be removed from samples by blowing air ranged
from 0.4-428 x 106/g dry weight of grain. Whole-crop barley silage contained 2.9-82 x 106
spores/g dry woight. Similar sp€cies w9le isolated from whole crop silage as from grain. Little
moulding occuned deeper thao 30 cm below surface of the grain.

Concentrations of airbome spores were estimated periodically duriog two seasons. There w€re
always more airboms spores than is usual io outdoor air. Without disturbaoce the silos containcd
106-107 spores/m3 air, but when mouldy grain was unloaded con@ntrations increas€d to a
maximum of 2860 x 106/ma afu, more than half of thes€ were bacteria and actinomycetes, and
a quartsr, Aspergillut flavus Link. Potentially pathogenic fungi and actinomycetqs wele fre-
quent, particularly when they also occured in the gain or cappiog materials after sponteneous
heating. Some probably survived in dust deposits and were resuspended during unloading.
Airborne spores were fr€quent around the silos when grain was being unloaded and rolled.
Workers should wear efficieDt dust respirators at thes€ times and while inside silos.

7.3O L^ctEy,l- (1972) The microbiology of grain stored underground in Iron Ago-type pirs.
loumal of Stored Productt Reseatch. (Io the press.)

Barley grain was stored underground in Iron Age-type pits iD Wiltshire in two seasons. The grain
stored well during the fiIst season after harvesting with 14 to 2l ,( water corltent. Moulding was
slight, except near the outside of the grai n mass, a\d, Penicillium cyclopium ptdominated. Grain
vith 2614 watet co\tent was stored in the s€cond season. This, combined with wetter weather,
resulted in spontaneous heating alld the growth of thermophilic and thermotolerant fungi and
actinomycotes.

7.31 LACEY, J. & VrNcE, D. A. (1972) Endospore formation aDd germination ina new
Thermoactinomyces speries. lll. Spore researci-1971. Ed, A. N. Barker, G. \v. Gould
and J. Wolf. London: Academic Press, pp. I8l-188.

Endospores of Thermoqctinomyces sacchari develop aDd germinate by stages similar to those
described for endospores of Bocillus sp€cies and Thermoactinomyces vulgo s. A foresporc,
surrounded by a double membrane, was developed in c€lls of the s€ptate mycelium. Cells con_
taining forespores $ew short sporophores with the forespore terminal. A cortex forme.d between
the two membranes, and a multi-layered inner and ridged outer spore coat formed around the
outer membrane, The matur€ spore was surrounded by a membrane that may have been an
exoqrorium or the remains of the sporaogium. During germination, the cortex disapp€arcd and
the spore doubled io size, fragmenting tho spore coats, before a germ tube was forrned.

'I -32 LApwooD, D. H. (1971) Observations on blight (pi) tophthoru infestans) and resistaot
potato€s at Toluca, Mexico. Annals of Applied Biology 6, 4l-53.

A late blight epidemic studied at Toluca, Mexico, in 1962 may have started from stems infected
at soil level by soil-borne Phytophthora infestans. lts severity was demonstmtcd by the large
344
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differences in the rate foliage was destroyed and in yield of tuben between fuogicido-sprayed
and unsprayed susceptible and resistant cultivars. The foliage r€sistances of som€ Medcan and
European cultivars were comparcd using conventional blight keys and recording the destruction
ofmarked leaves. Cultivars reacted in four ways; (l) Up-to-Date and Alpha leaves were infected
and killed soon after plants emerged; (2) Bertita, Conchita and Florita abscissed many infected
lowercanopy leav€s, and ,nany infections on upper leaves aborted; (3) Elenita leavcs had a
few lesions in which the fungus $ew slowly but remained alive; (4) Greta showed no infection
uotil the potato plants met between rows but theo infections developed rapidly and the foliage
soon died. Mexican cultivars, except for Elenita, had few blighted tubers; susceptible European
cultivars were killed before many tubers formed.

Most spores were releas€d during the moming, as in Europe, and leaf iofectiotr se€med associ-
ated with days with rain when much ofthe night remained humid, Cool nights lengtheoed incuba-
tion and gEoeration times.

7 .33 LApwooD, D. H., (WELLTNGS, L. W. & HAwKrNs, J. H.) (1971) Irrigation as a practical
means to control potato common scab (Streplomyces scabies). Plant Pathology 20,
t5't-163.

Irrigation in 1970 at Gleadthorpe E. H. F. increased potato yields an4 when given from the
time of tuber initiatioo, controlled common scab on the susceptible cultivars King Edward,
Majestic and Record. Pentland Crown had litde scab with or without irrigation. It was tho
driest May and June since 1934 and there was already a soil moisture deficit (SMD) of l'8 in.
(,16 mrn) at tuber initiation by King Edward aDd wh€n water was finst giv€n. SubsequeDtly
irrigation at 0 6 in. (15 mm) or o 8 in. (20 mm) SMD was more effective than l 5 in. (38 mm) or
2.25 in. (57 mm) SMD in controlling scab, and more effective at 0'6 in. SMD when maintaiDed
for four weeks than for two weeks.

Irrigation at 0 6 in. SMD for four weeks increased the weight of premium (Table Grade)
potato€s by resp€ctiwly,16,12,13, and l2 tons/acre (,1O, 30, 32'5 and 30 t/ta) for King Edward,
Maj€stic, Record and Pentland Crowo.

Tubcrs developed slowly in uni.rigated plots both in volume ard in the rate that eyes s€parated.
King Edward produced more tubem per plant than Majestic; irrigatioD did not increase tub€r
numben.

1.34 (LEC,G, J. T.) & KrNrEN, R. H. (1971) Field experiments on the resistance of cocoa to
cocoa swollen-shoot vir.ts. Atmals of Applied Biology 67,369-375.

Progedes from crosses between different Upp€r Amazon cocoa types aod between Upper
Amazon and Amelonado were compared for their field resistance to infoction with cocoa swollen-
shoot virus (CSSV) virulent strain A. AmoDg the intra-Amazon progenies, thos€ from crosses of
Scavina, Iquitos and Nanay groups showed most resistance- Progeni€s from crosses within
thes€ groups may be rcsistant enough to bo of imm€diate practical value in decreasing losses in
areas where CSSV is widespread. Some Nanay progenies were more resistant than others and
this provides scope for improvement by breeding. Progeny of crosses between Upper Amazon
and Amelonado parents woro less rEsistant than those from intra-Amazoq cross€s.

7.35 PLUMB, R. T. (1971) European wheat striate mosaic dis€as€ in 1970. Plant Parhology
m,Dv122.

European wheat striate mosaic was more prevalent in English winter wheat crops in 1970
than in any previous year and in one crop yield loss was probably l0l.

At Rothamsted, iDfected plans were first found at the begiming of May aod symptoms appeared
in othets until the middle of June. Most iofectioDs probably occur€d before spring cereals
emerged but a few plants became infectod in spring-sown crops. Most iDfected plants produced
no grain. The mild autumn of 1969 and a previous clop of spring wheat may partly explain its
unusual prevalence at Rothamsted.

7 .36 PLUMB, R. T. (1971) The control of itrs6ct-tBosmittod virus€s of cereals. Proceedings
of the 6fi Bntkh Insecticide and Fungicide Conference l97l l, 307-313.

Barley yellow dwarf virus is the most widespread and damaging of insect-transmitted virus€s
of cereal crops in Britain but the loss€s it caus€s differ grcatly in differeDt parts of the country
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aod from year to year. Isolat€s of the yirus differ in virulence and not all arc transmitted equally
well by the several sp€ci€s of aphid v€ctor. Crops in south and south-w€stem counties are worst
afgct€d because the mild wintcrs enable vectors to overwintsr on hosts of the virus infected
with virulent isolates.

Field studi€s of the occurrence of infective aphids in eastern counties have helped to show
when iDs€cticides should be applied, bur the virus spread too little irl the exp€rimeDts for spraying
to have large efrects on yield- It is hoped that virus incidence can eventually be predicted from
knowlcdge of overwintering v€ctors and when and how many carry virus into the crops.

7.37 PLUMB, R. T. & VrNcE, D. A. (1971) Fixation and electron microscopy of the Roth-
amsted cultur€ of henbane mosaic virus. Joumol of Ceneral Virologf 13, 357-359.

7.38 SALT, G. A. & HoRNBy, D. (1971) Root rot and wilt of field beans (l/icia faba'\.
ProceedinAs of the 6th British Insecticide snd Fungicide Conference 1971 l, 251-25'1.

Wilted field beans with blackened tap roots and few functional laterals are common and were
widespread in 1970 when many crops were stunted, yellow and yielded very little. Possible
caus€s include the pea and bean weevil, Sr'/oza liroatus, which damages leaves and roots and
transmits viruses; the stem eclworm, Dirylenchus dipsaci; the fin$ Fusarium oxysporum,
F. averaceum, Mizoctoaia solani, Pythium spp. and. Phytophrhoru megasperma.In field experi-
meBts, aldicarb, which is ins€cticidal and nomaticidal, and the fungicide, 'Dexon', both strikingly
decrcased wilt symptoms and increas€d gowth and yield; benomyl had less effect, formalin and
BHC least of all. Only P. megaspenna caused root rot and wilt of plants inoculated in pots,
but was oot found regularly in rotted roots from the field.

7.39 TRUDGTLL, D. L. & CARPENTER, J. M. (1971) Disk electrophoresis of proteins of
Heterodera sp€cies and pathotypes of Heterodera rostochiensis. Annals of Applied
Bioloey 69, 3541 .
(For summary see No.8.18.)

7.q TURNER, R. H. (1971) Electron microscopy of cells infected with narcissus mosaic
virus. Joumol of General Virology 13, 111-l'19,

Nematologr Deparhnent
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CTRBETT, D. C. M. & HIDE, G. A. (197t) Chemical control of Verticillium dahliae
and lleterodera rcstochiensis on potato€s. Proceedings of the 6th British h$ecticide
ond Fungicide Conlerence (1971) 1,25&-262.

8.2 WHTTETEAD, A. C. (1972) Nematicides for field crop6. Procee.li,Bs of the 6,h Btitish
Insecticide and Fungicide Conference (1971) 3, 6A-472.

8.3 YEArEs, G. W. (1971) Plant and soil nematodes ofWicken Fen. Nat re h Cambridge-
shire 14, 23-25.

RESEARCH PApERs

8.4 (ANDERSoN, R. V.) & HoopER, D. J. (1971) A neotlpe for Eucephalobus striatus
(Bastiao, 1865) Thome, 1937 (Nernatoda) and redescription of the species from topo-
types and thcir progeny. Coradian lournal of Zoology 49,451459.

The dimensions and morpholo$/ of the progeny of five femal es of Eucephalobus sr.,aras cultures
on agar ranged more widely than in previous descriptioos. Specimens from agar were usually
longer and wider than specimens from soil and differ in some other rcspe{ts. First-generation
larvae developed slowly on agar, requiring at l€st a month to become adult. Adult females from
agar rarely reproduced, and their gonads differed from thos€ of impregnated, fecund spocimens
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from soil. Some featur€s of the lips and the variability of tails of the females showed the close
similadti€s lo Cepholobut persegn r Bastian, 1865. IJtrglh and shape of the postuterine saq
leDgth of the gubemaculum compared with spicule length, and the position where the incisur€s

ended on the female tail, werE the most rcliable characteE for species identification but of
doubtful generic value.

8.5 BRowN, C., CaLLow, R. K., GREEN, C. D., JoNEs, F. G. w., RAYNER, J. H., SHEPHERD,

A. M. & WILIAMS, T. D. (1971) The structure, composition and origin of the suE
crystalline layer in some specics of lhe ge ts Heterodera, Nematologica l7' 591-599.

The sub.crystalline layer from lemon-shaped females of Eeterodera spp. was examined by the
scatrning electron microscope, X-ray diffraction, x-my fluorcscence sp€ctrometry and mass

spectrometry. The inner zone of the layer in ,aL zazr; consisted almost entirely of n-tekacosanoic
acid, and the outer, thicker, zone of a mixture of the acid and its calcium salt. In addition to
this acid, in the lay€r }1. avenae had lp to 25y. hexacosanoic acid and in H. ttifolii tbteE
additional aliphatic acids, do-, tetra-, and hexa-cosaooic.

The outer layer fractures into pyramidal blocks presenting an irregular polygonal apperuanc€.

The fatty acid s€ems to be produced by an unideDtmed fungus that metabolis€s products excreted
by the nematode. The layer ofacid and its calcium salt may act as a barrier to potential pathogens

and predators. The relationship between thc oematode and fungus s€ems to be symbiotic.

8.6 CoRBETT, D. C. M. (1972) The eff€f,;t of Prutylenchus lallax *ithorst on wheat, barley
and sugar beet roots. NenatologicalS. (In the press.)

Pratylenchus fallax penetrated root tips, the region of root hair dcvelopment and the junction
of main and lateral roots of wheat, barley and sugar beet. In microbiologically sterile cultu€s,
roots of sugar beet rapidly b€came necrotic: barley and wheat roots were damagpd less and
more slowly. TransveEc sections of wheat roots showed that cells were severely damagpd and
collapsed before symptoms showed extemally. The endodermis became thickened and dis-
coloured in respoos€ to h€a\"y altack. P, fallax reproduced better on roots of wheat and barley
than on those of sugar b€et.

8.7 CoRBETT, D. C. M. & HIps, G. A. (1971) Interactions b€twe€n Hetercdera roslochiensis
Woll. and Ve icillium dahliae Kleb. on potatoes and the effect of CCC on both.
Annals of Applied Biology 6,1l-8O.

H. rostochiensis (Bitish pathotype A) increased the severity of the disease caused by Ve icillium
dahliae il potato plants grown in pots when thore were more than l0 e8:gs/g of soil and both
pathogens parasitised the root system togpther. The goMh-suppressing chemical chlormequat
chloride (CCC) s€ver€ly stunted plants, prevelted wilt and decreased the r€production of
H. rostochiensis.

8.8 EvANs, K. & TRUDGILL, D. L. (1971) Effects of amino acids on the reproduciion of
Heterodera rostochiensis. Nenaro@ica 17, 495-50n.

Of several mcemic mixtures of amino acids tested, the most toxic to H. roslochiensis all.d lhe
Ieast toxic to potato plants was DL-methionine. The D- and I- forms were equally toxic to the
nematodes which became less s€nsitive as they aged Methionine did not act dir€ctly by contact
with the nematodo but only when taken up by the host plant: it was presumably ingested in
sap extracted from giant cells. Althougb methiooinc affccted populations of H- tottochiensit
in field plots, even large amounts failed to control the pest.

FRANKLIN, M. T., Cunr, S. A. & C-ouxsr, J. A. O97l) Population changes and
development of Melo idogyne naasi io t!rc fl€,ld. Nenatologica 17, 571590,

To estimate the number of larvae and eggs of M. naasi laflaf- in soil, samples were incubated,
with or without previous chilling, to cause uDhatched larvae to hatch so that they could be
extracted with the free larvae. A week at 20'C, after a woek at 0" Save the most larvae from
sampl€s takeD irl autumn. Maoy fewet larvae werE extracted from samples aft€r storingat 3f than at
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l5',2e or 25'C.In the field larvae were most abuodant in eady May and, in the pr€s€oce of a
host crop, populations theD rapidly docreased to be followed by a slow inqease from August to
a smdl peak irl October. Without a good ho6t, populations remaiaed large through June and
July, then decreased gradually. Incubation always increased the number of larvae, but espocialy
during April and during October after gxowing a host crop. The larvae developed in barley and
ryegrass much as des€ribed for othor species of Meloidogyne: a long period of feeding by the
s€cond stage larvae was followed by a short moult without fecding and then a period of r€sumed
feeding and rapid growth by the adult female. In the field, the time between the larvae eEtering
roots and b€coming adult depended on soil temperature; thc shorte,rt time was in June and July,
but the numb€r of day-degrees above an assumed minimum of I 2"C was similar through the y€i.

8. l0 GowEN, S. R. (1971) Tylenchus enargirratus and, Tylenchorhynchas dubr't$ associated
with Sitka spt\r@ (Picea sitchensrc) seedlings. pla pathology 2.0, 69-12.

Sitka spruce growing in tubes was a goo d host fot Tylenchus emaryinatus and Tylenchorhytchus
dubiur, wfuch stunted the growth of roots. Both sp€cics were more abundatrt at Woburn,
Bedfordshire, where Sitka spruc€ has beeo gown repeatedly than in nearby land under other
crops. In 1968 nematodes were more numerous in plots with nitrogen fertiliser thaD in thos€
without, but in 1969 were fewer, possibly because populations remaining from 1968 were too
great for the s€edlings to support or becaus€ rainfall was much less.

8.t1 GREEN, C. D. (1971) The morphologr ofrhe terminal area oftheround-cyst nemarodes,
Ifeteroderu rostochiensis ar,d allied species. Nerratologica 17, 34-46-

Betw€en the wlva and lhe tail of round-cyst oematodes, Ileterodera s.g- Globodera, is an area
of transvers€ly ridged cuticle containing the anus. Differences in the size of this area divide the
goup into two atrd differences in the number of ridg€s and tho type of branching suMivide
€ach group further. The vulva is a shallo\f, pit the walls of which carry two crescentic papillated
ar€as, Their size and the form of tho papitlae and thc differences in the teminal ar€a, caD bo
used to distinguish species and pathotypes. The morphological differences betw(,JD H. tosto-
cir?rJri pathotyp€s A, B and E (British notation) are as grrat as those between described species.
The gxoup has probably divenified because populations are isolated and inbred.

8.12 HoopER, D. J. (1971) Stem eelworm (Ditylenchus dipsaci), a s€ed aod soil-bome patho-
gen of field beans (I/rbiafaba). Plant Pathology ?.0,25-27.

Both the 'oat race' and 'giant rc@; of Ditylenchus drpraci (Kiih!) Filipjev infest field beaos
(Yicia faba L.) h Gre€j Britain and the iDfested seed sometimes produced is an impo(ant means
of spreading th€m. The large soil populations, especially of th€ 'oat ra@', produced io beans
from infested s€ed may damage following crops of boans, peas, sugar beet or, especially, suscept-
ibl€ oats. Bean seed for sowing should be saved only from uninfested fields, aod only oat varietios
that resist D. d&raci should be gown in crop rotations that include beans.

8.13 HoopER, D. J. & DoNCAsrrR, C. C. <1972) Stem and inflorescence galls on yarrow
(Achillea milleloliwn L.) caus€d by the Dematode, Anguina millefoli (Ltiw, I E74) Filipjev,
1936. Plant Pathology 21,46-

The filst rcport of stem and leaf galls caused by Anguina millefolii on influorcscence of yarrow.

8.14 HoopER, D. J. & (MyERs, R- F.) (1971) Aphelenchoides rutgersi n. sp. (Nematoda :
Aphelenchoidea), description and morphometrics, with obs€rvations on A. dacrylo-
cercus lJooper, 1958 and ,4. cibolensis Rifre, 1970. Nemstologica 17,295-302.

The Aphelenchoides sp. long studied at RutgErs University, U.S.A., and formerly thought to be
A. tacchati or A. doctylocercus is described as Aphelenchoides rutgersi n.sp- Some variants
resemble .4. ciDolerrsr:r, the male of which is also described. The body length, gonad length and
tail shape of females, the progeny of single females cultured on Pytenochaeta teftestris ot
Botrytis cinerea, vary geatly according to type of culture. Small but consistent differences
distinguish A. rutgetsi from the above species. The female has three lateral incisures, a short
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post-vulval sac about one aDd a half vulval body-widths long and a conoid tail about thre€ anal
-body-widths 

long, The shapo of the tail terminus is variable but usually has a short ventral

mucro. The stylet is 10 pm long. Males are very rarc.

8.15 SnEPgrRo. A. M., CLARK, S. A. & D^Rr, P. l. (1972) Cuticle structure in the genus

Eererodera. NernalologicalS, 1-17.

The cuticle of 1L rosrocr,,'erurt males and ofthe females of 14 species or pathotyp€s of Heterodera
was examined with light and electron microscopes. The layers of the male cuticle r€scmble

those of the s€cond-stage larva and other vermiform Tylenchida so far described. The cuticle

of females differs from this basic pattem in ways that fit their swollen form and sedentary habits,
and their ultimate function as a protective cyst enclosing the quiescetrt eggs. The outer and inner
layers, A and B, of males and larvae are supplemented by a third, fibrous layer, C' in lemon-

shaped and round<yst nematodes and by a fourth layer, D, in roundtyst nematodes only. The

fibres in D are arranged helicoidally as in rhe chitin of ins€ct endocuticle. The B layer of larvae

and males is crystalloid, with disjuncrions in the regular pattern at every half-aanule' The
periodicity of the pattern is 18-22 nm, as in one of the forms of collagen. The B layer ruptures

is the females swell aod ultimalely occurs as separale islands at the junction of the A and C
layers.

The differences in structure between the species with lemon-shap€d and round cysts supports
placing the round-€yst species (excluding H. punctata) into the s€parate gatrJJs Globoderu,

already suggcsted by Skarbilovich as a sub-genus.

8.16 SroNE,A. R. O97l) Effect of processing on measvre$ten.ts of Heteroderu rostochiensis
laflae. Nematologica 17, 167-17 l.

Some commonly us€d methods of proc€ssin glarvae of Heterodera rosrochiensis fot microscopical
examination caus€ changes in body and stylet size, gleater than the difference between pathotypcs.

Heat and cold formalin, which caus€d least change, are suggested as tho standard methods of
killing and fixing larvae to bo measured.

8.17 SroNE, A. R. & Gx.EEt t, C. D. (1971) A simplo method of prcparing nematodes for
scanningelectronmicroscopy. NenatologicolT, 490491-

Preparing nematodes for scanning electron microscopy usually involves removing liquid under
vacuum, which causes much distortion. There is little distortion when water is slowly replaced

with acetone, which is then cvaporated away before the specimens are coated with gold. Us€ful
r€sults at up to 25 OOO x magnification have been obtained with IIe terodera lar,ae and malff,

8.18 TRUDGILL, D. L. & CARPENTER, J. M. (1971) Disk electrophoresis of proteins of
Eeteroders species and pathotypes of Hetetodera rostochiensis. Anaals of Applied
BioWy@,3541.

The proteins extracted by aqueous buffer from the females of six Hererodera spq, were separated
into bands by potyacrylamido gel eleckophoresis and the pattems compared. Heteroders
schachtii aod H. hifolii, with lemon-shaped cysts, had a similar pattem of bands, differing
greatty from that of the round-cyst nematodes H. irgini^e a\d H. rostochiensis. Ten British
pathotype A populations of 1L roirocrr'er6r'r had similar patterns, distioguishable from those of
12 British pathotlpe E populations by lacking two bands and by the presence of another rare
in pathotyp€ E. Bands from pathot,'pe B populations were indistinguishable from thos€ of
pathotype E. No consistent differ€nce was detected between populations of the same pathotype.
These results support the sug€estion lhat E. rostochiensis compris€s two species.

8.19 TRUDGTLL, D. L. & PARRorr, D. M. (1972) Disc electrophoresis and larval dimen-
sions of British, Dutch and other populations of Heterodera rostochiensis Woll., as

evidence of the existence of two species, each with pathotypos- Nemalologica ,t,
141-1lE.

Larval measurements, female colour and the results of electrophoresis in polyacrylamide gel

indicate that E. rostochiensis should be split into two species. Each of th€s€ sp€cies contains
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pathotDes, so a modified scheme of pathotype nomerclature is sugg€sted. Dutch and Britishpathotypes A aT rro9aq, ideuticat, ind thi butctr parnoqpe O isTt e ;me as the British E.ropulatrons such as the Dutch pathotypes B and C, and a population from Bolivia, which allhave pathotype A characteristics but can reproduce 
"" o'iaie;i'hiirids, have not so far

been found in Great Britain.

8.20 yEBl- Rlfvl. (1971) Extruction of nematodes from sterile cultwe. Nehatologica
17, t7tt74.

lpl-::,: b .d="h{ for extracting small vermiform nemarodes bacteriologically sterile from
rnrestec asepttc plant tissues.

Insecticides and Fungicides Depsrtment

GENERAL PAPERS

9.1 Er.rro-Ir, M. (1970) The relationship between the structure and the activity of pyre-
throids. Bulletin of the Wortd Health Oryarrisarion 44. 3lS_324.

9.2 (HocxrNc, K. S.) & Po,rrR, C. (1972) problems on the use of insecticides in thetropy. Proceedi,tgs of ,he 6th Bitish htsecticide @d Fungicide Conf*ence 3. (In tii
pre.ss.)

9.3 lrRD, K. A., JErrs, K. A. & (TrrppEN, R. J.) 0971) Limitations of seed-treatments for
p€st control, Proceeding$ of the 6th British Insecricide ond Fmgicide Conference 1,9_14.

9.4 PorrER' c. (1972) Radioisotopes to estimate the dispe$al of ins€cticides in the eoviron-
ment and irradiation tech.oiques for the study of insect populations. lu International
Sympoitmt-on tle Use of Isotope$ ond Radiition in furicitture and Aninat Euibandiy
Research 29 November-2 December 1971. Nucleai Research Laboratory, Indian
Agricultural Research Institute, New Delhi. (n the press.)

9.5 SrEvENsoN, J. H. (1971) Boe poisoniog in l91/o. Bee Vottd SZ,.l5_j6.

RTSEARCH PApERs

9-6 (AxlrrAR, M., BArc, M. M. H.) & I,RD, K. A. (l9ZO) An asay of.Sevin, formulations
using micro steam distillation and its application to study of i;secticide distribution in
gra,oules. Pakistan,Iouruat of Scientiic and Industrial Risearch 13,452456.

Assay-of carb,aryl ('sevin') by alkalioe hvdrolysis followed by distillarior and titration of the
methylamhe formed was adapted for rapidly assalng many samples by using a micro kjeldaht
typc distillation.

Fine dust amounting to about 2i( of a'*yin' granule was shown to cootain three times the
av€rag€ concentration of the formulation, sufficient to cause sampling and anal,,tical problems.

9.7 (BARLow, F.), ELuorT, M., FARNHAM, A. W., (HADAWAY, A. B.), JANES, N. F.,
NEEDHAM, ?. H. & (WrcKnaM, J. C.) (1971) Ins€cticidal activity of the pyrethrin;
a-nd related compouods. fV. Essential features for ins€cticidal ictivity in ihrysan-
themat€s and rclated cyclopropane este$. pesticide Science 2, ll5_llg.

A raoge of 5-benzfl-3-furylmethyl cyclopropane carboxylates and other €sters are evaluated
agaiDst housefli€s, mustard beetles and two mosquito species. The r€sults show the imponance
for activity of a gerrdimethyl group on the 

"yiloprop"oe 
ring and that substitutions at Cs

grve wide variations in insecticidal activity and species specificity. Some of the compounds had
mnsiderable klgcklown activity against houseflies, but the siructural rcquirements for this
typeofaction difTer from those for kill.
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9.8 BuRr, P. E.,I,RD, K. A., FoRREsr, Jenlrifer M. & GooDcHrLD. R. E. (1971) The spread

of topically applied pfethrin I from the cuticle to the ceDtral nervous system of the
cockroach Periplaneta arneticoia. Entootobgia Erperincntalis et Applicata 14'
255-269.

Penetration of topically applied pyrethrin I into adult male American cockroaches (Petiploteta
americana L.) and its subsequent distribution withio the ins€cts was studied microch€mically
and biologically. After applying an LD95 (0'5 pg per insect), pvrethrin I was lost from thc
surface of the ins€cts at a rate diminishing with time ; 20 % of the dose applied p€netrated duri[g
thc first hour, but elimioation limited the amount found inside the ins€cts to a maximum of l3 %.

Pyrethdn I sorbed on cockroach solids from aqueous solution at equilibrium is distributed
between solids and solution in the ratio 3 x loa : l. This ratio would give a concantration of
only 4 x lo-lrM of pfetbrin I in the haemolymph of insects poisoned with 0'5 pg of the
ins€cticide, but sotids in the haemolymph would ioqeas€ its pyrethrin I contetrt and sp€ed thc
spread of the ins€cticide from cuticle to nervous system. Chemical tests able to detect pyrethrin I
at concentrations of 2 x lO-8M failed to show its pres€nce in the haemolymph of poisoned

cockroaches, but the haemollmph caused symptorns resembling those of pyrethroid poisoning
when applied to nerve preparations from normal cockroaches.

Although pyrethrin I at 4 x lo-rr M in the haemolymph of cockroaches s€ems too dilute
to have produced the symptoms obs€rvod in their nervous systems, additional tests gave no
evidence that the insecticide reached the nervous system by spreading over the cuticle and
through the tracheal system. Larger con@ntrations of pyrethrin I occurring locally in the haem'
olymph o€ar the nervous system during the early stages of poisoning may explain the anomaly.

9.9 EL BAsr R, E. S. (197D Resistance to organophosphorus iosecticides in the SKA
strain of hous€flies (Musca domestica L.). Entomologia Eupetimentalis et Applicala
14,3,361376.

The resistance of tho diazinon selected strain of houseflies, the SKA strain, to 20 orgiano-
phosphorus ins€cticides measued by topical applicatioo and injection, and the r€spome of the
strain to the insecticides with candidate synergists a.e described.

The SKA strain was very resistaot to diazinon, 'ethyt Chlonhion', 'Chlorthion'and paBthion,
moderately resistant to five more, and otrly slightly resistant to the remaioder. It was morc
resistant to the diethoxy than dimethoxy compounds and was only v€ry slighdy r€sistant to
malathion. The compounds, exp€cially the phosphates, were more toxic when injected ihan when
appli€d topica y. Additives or substitutions in the phenyl ring of the parathion mol€cule resulted
in compounds less toxic thanparathiotr.

The additives piperoDyl butoxide and tributyl phosphorotrithioate were iaactive with many
compounds and synergised or aDtagonized the same compourds agaiost susceptible and SKA
flies, Trio-o-cr€syl phosphate greatly antagonized ethyl malathion and malathion.

9. lo Eluorr, M., JANES, N. F., (KIMiGL, E. C. & cAsDA, J. E.) (1971) Mammalian meta'
bolites of pyretkoids - lo: Sltttposium: Chemitry ond activiry of insecticides of plant
origin, 2nd Intenational Congtess of Pesticide Chemistry, Israel, February 1971-

The structures of metabolites formed by rats from pyrethroids were determined by uuclear
magnetic rcsonance and mass sp€ctroscopy using tritium-labelled esters to assist isolatioD and
purification.

In all metabolites isolated a carboxyl goup replaces the ,razJ-methyl or -methoxycarbonyl
group of the acidic side chain.

The c,ls-pentadienyl side chains of pyrethdtrs I and II are cotryerted to a cit-petrt'2€nyl4,5'
diol goup, to a ,ral6-pent-3€nyl-2,5-diot group, or to atr esler of the 4,5-diol with an aromatic
acid at the 4hydroxy goup. No hydrolysis of the cyclopropane ester liok is dotected.

The allylic side chain of allethrin is oxidised either to a 2,3-diol or to a l-hy&oxy-prop-2-
enyl group. Itr aooiher metabolite ode methyl gxoup on the cyclopropane ring is hydroxylated
with the alcohol moiely unchanged. Some hydrolysis of the cyclopropane cster in allethrin is

detected.
The susceptibitity of pyrethroids to such oxidative attacks is probably related to their small

toxicity to mammals.
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9.ll ELLrorr, M., JANES, N. F. & pEARsoN, B. C. (1971) The pyrethrins and related com_
pounds. XI[. Ins€cticidal methyl-, alkenyl- and benzfl-substituted furfuryl and furyl_
methyl chrysanthemat5, pesticide Science 2, 243-248-

3-Furylmethyl and fu uryl chrysanthemates with methyl, benryl, substituted b€nzyl and alketyl
substituents, and other heterocyclic analogues of these compounds, are synthesised for structu;-
ins€cticidal activity investigations.

9.12 FARNHAM, A. W. (1971) Changes in qoss-resistance patterns ofhous€flies selected with
natural pyrethrins or resmethrin (5-beozyl-3-furylrnethyl ( t )-cr3-rraz"r-chrysatrthemate).
Pesricide Science 2, 13V143.

A pyrethrios-resistalt stmin of houseflies, 2l3ab, previously selected with a I : 10 (by wt)
mixture of Datural pyrethrins and piperonyl butoxide, was fu her selected either with niturai
pyrethrins alotre (strain NPR) or with resmethdn (strai! lO4). After 50 generations the two
populations differed in their resistance to the natural and synthetic esters. Both were resisraDt
to all pyrethroids. Pan of straitr NPR was immune and very much mors resistant than strain
104 to the tratural pyrethins and allethrin, but it was only 2-3 times more resistant than strain
lO4 agaiost the new synthetic esters resmethin (5-beazyl-3-furylmeihyl (+>c,!rrar&r-cbrysao-
thernate), bio-resmethrin (5-benzyl-3-furylmethyl(+ )-rraz.r-chrysanrhemate), py.esmetb.in
(5-benzyl-3-furylmethyl pyrethratQ and 5B2Me3FC (5-benzyl-2-methyl-3-furylmetfiyl (:t)-cr-
,/arJ-chrysanthemate). Pletreatment of both strains with sesamex diminished but did not elim-
io-ate resistanca. Synergism was greater in stmin NpR, especially with natural pyrethrins and
allethrin, Both srrains had great resistance to DDT indicating that resistanc€ to ibT and pyre-
throids is linked-

Differences in resistance to different compounds suggest that at least tbree factors can confer
resisJance, 

-one 
of which, pez, delays penetration and two othe$ i[yolye detoxi catio\, oDe, py a,

on the acid side of the ester linkage and the other, p/ D, on the almhol side- Natural plretir;os
and resmethrin select for different groupings of thes€ facto$. Treatmeqt with resmeihrin does
not select for r/ 6 presumably becaur this mechanism cannot attack the resmethriD molecule.
Similarly when piperonyl butoxide is added to the natural pyrethrins p/ , is ilhibited and so
removed from s€lection pressure. Under these conditions, the strain produced contains the
same factors as one seleated by resmethrin and so shows the same small resistanc€ to natural
pyrethrins alone.

9.13 LEwrs, J. B. & SAwrcKr, R. M. (1972) Characterisation of the resistance mechaDisms
to diazinon, parathion and diazoxon in the organophosphorus-resistant SKA strain of
houseflies (Marca do rncstica L.). Pesticide Biochemistty & physioloey, (In the press.)

Subcellular fractions of hous€flies susceptible and resistant to org,anophosphorus insecticides
were examined to characterizg in yirro the mechanisms of resistance to d.iazinon, parathion and
diazoxon controlled by genes on the II and V chomosomes, using radioJabelled insecticides.
The microsomal fractions of all the stmins cleaved parathion and diazinoD to diethyl phosphoro-
thioic acid (DEPTA), and converted the phosphorothionate insecticides in the ioiresponding
phosphates, in the presence of NADPH and oxygen. Ttris conyersion system, stimuiated b!
added GSH and inhibited by sesamex, is a mixed-function oxygenase and occurred equally in
susceptible aod resistant houseflies. Resistant houseflies also had the followiog breakdown
mechanisms: in the microsomal ftaction U a mixed-function oxygenase, easily inhibited by
sesamex, which converts diazoxon, and possibly diazinon, into three unidentifi;d metabolit;,
but is_ inactive with pamthion or pamoxon. It is mntrolled by factor Ses on chromosome V j
2/ a phosphatase, cotrtrolled by geoe a on chromosome II, which hy&olyses diazoxoo and para-
oxon into diethyl phosphoric acid (DEPA) in the absence of oxygen aod NADpH. The resistaoce
mechanism itr the soluble fraction is a glutathione-.9-transferase that desethylates diaziDoo,
parathion and diazoxon into their correspooding desethyt derivatives with thi concommitani
fo-rmation of ,9-ethyt glutathione. This GSH-dependent system is unaffected by sesamex, Iack
of oxygen or NADPH, and is controlled by a factor on cfuomosome II.

Thc importaoce of th€s€ mechanisms on the resistanc€ to organophosphorus ins€cticides is
discussed.
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g.l4 IflD, K. A., JEFrs, K. A. & Cft PPEN, R. J.) (1971) Retention and distribution of dry
powder and liquid formulations of insecticides and fungicides on commercially dressed

cereal seed. Pesticide Science 2,49-55.

Analysis of samples of see&, moslly wheat, treat€d commercially with insecticides and fungi-
cidcs showed that many carried much less than the theoretical dose, some less than one-tenth.

The average loadiBgs of seeds trated with dry powder formulations were nearly always small,
but the distributioo of ins€cticide between seeds treated was fafuly uniform. The averagp loadiDgs

of s€eds trcated with liquid formulations was closer to the target, but the distribution was irregu-
lar, most of the seeds carrying little ins€cticide and a few seeds amounts large enough to be
phytotoxic.' 

insecticides applied as dry powders do not adhere strongly to the s€eds, but they remain in
association with s€eds cantained and carried in bags. Applied as liquids, insecticides are diffi-
cult to remove from s€eds. The raiio of insecticide to fungicide on seeds dlessed with powders

containing both usually resembled the ratio in the original powder. With liquid s€€d dressings

of ins€ct ide and fungicide applied separately in difrerent formulations, the ratio of insecticide
to fungicide often differed widely from the theoretical. The average loading of fungicide was

clos€ to the target, but the average amount of insecticide was often much less.

With either wet or dry dressings, the amount of pesticide on seeds was coDsistently greater

from some merchants than from others. This was independent of the machinery us€d. Loadings
were not consisteotly affected by typ€ of seed{ressing machinery or formulation, stage of opera-
tion, weather or variety of s€€d.

9.15 (MAcr {, A. F., QucK, M. P.) & JANES, N. F. (1971) 2-Acetyl-Gmethvl4-pvrimidinvl
diethyl phosphorothionate-A new degradation product of diazinon. Chemistry and
Industry 1198-1199-

A new compound formed by ultraviolet irradiation of diazinon was isolated, and its structure
established by nmr and mass spectroscopy. It is formed by oxidation of the isopropyl group
in diazinon to an acetyl group.

9.16 McINrosH, A, H. (1971) Control of common scab of potato. Proceedings of the
6th Btitish Insecticide and Fuagicide Conference (1971) l,215-218.

Incidence of potato common scab, caused by soil-bome Srrepromyces scabies, an b doctea*d
by applying chemicals to soil. One such chemical is quintozene, which is now susp€cted of
being carcinogenic. About 120 other chemicals were tested, using potted plants grown in the
glasshouse. Most of them, at 50 ppm in soil, either failed to affect scab, or seriously decreascd
yield of tubers, or both.

Those which deqeased scab without geatly aflecting yield were, in order of increasing effec-
tiveness: 2,5dimethyl-3-furanilide ('BAS 3l9lF'; proposed common name: furcarbanil);
(2,45-trichloropheoyt) sulphotrylmethyl thiocyanate ('PH 50-82'); 2-pyridine-thiol-l-oxide,
Na salt; dinocap phenols ('MC 2810'); quintozene; and captafol.

In a field trial at woburn, B€ds., quintozene and captafol, each at 7olb/acre (78 kg/ha),
were equally effective. Thus captafol may be a suitable substitute for quintozene.

9.17 Mcll'"rosH, A. H. (1971) Tests of aryltin compounds as potato blight fungicides.
Awrab of Applied Bio@y 69, 43-44.

Triphenyl(phenylthio)tin and triphenyl(p-chlorophenylthio)tin were as effective as fentin acelate
in controlling potato blight (Phytophthora hfestans) il laboratory tests on detached leaflets.
Diphenyltin dichloride and bis(triphenyltin)sulphide were moderately effective. Dibenzyltin
and some diphenyltin compounds were ineffective.

A small change in the bioassay coDditions, bringing them slighdy closer to field conditions,
increased the relative effectiveness of bis(triphenyltio)sulphide, making it about one{uarter as

effective as fentin acetate; however, the changp did not incrcase the relative effectiveness of
triphenyl(phenylthio)tin or dibutyltitr diacetate.
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9.18 (NAsrM, A. I., BArc, M. M. H.) & I,RD, K. A. O97l) Chlorinated insecticide residues
found in soil near Dacca, East Pakistan. Environmental pollution 2,'l-12.

Six soil samples from three different localities near Dacca were examined by silicaJoaded paper
and gas chromatography, All were contaminated with organochlorine insecticides and contlinea
l-3 ppm DDT. In additiotr three of them contained O.l-O.5 ppm gamma-BHC, and the three
otheE about 0.5 ppm dieldrin. The ins€cticides are readily extracted by water from the soil.

9 -19 Pr .Lps, F. T. (1971) Persistence oforgratrocl orine insecticides on difrerent substratcs
under different environmental cooditions I. The rates of loss of dieldrin and aldrin by
volatilisation from glass surfac€s. Petricide Science 2,225-266.

A spraying apparatus lo deposit radioactive ins€cticide evenly, and a heated wi[d tunnel to
simulate tropical conditions. are described.

The rates at which crystals of 36Cl-dieldrin and aldrin volatilised from glass surfaces were
geatly influelced by temp€rature and wind speed (especially the former) but only slightly by
humidity or crystal size. These loss rates followed single (sometimes double) exponential curves
or logistic (simple sigmoid) curves.

9-2O Pru.I}s, F. T. & KlvAor4 V. S. (1972) The movement of dieldrin in young cottoD
pla\ts. lnletnational Sywosium on the use of isoropes and radiqtion it agricuhue and
animal husbandry research 29 November-2 Decenber 1971. Nuclear Res€arch
Laboratory, Indian Agricultural Research Institute, New Delhi. (In the press.)

Dieldrin (HEOD) was taken up from aqueous suspensions via the roots of young cotton plants
and transported to the stems and leaves. The uptake was probably controlled by the transpira-
tion rate.

Dieldrin moved from 'spray' droplets on the upp€r cotton leaves: at least one-fifth of the
applied dieldrin moyed laterally over distanc€s of 8 mm within 4 days, but penetration from
the uppq to lower surfaces of leaves took several weeks and apparently dep€nded on the
thickness of the cuticular Iayers of the leaves.

9.21 (Scorr, T. A.) & DEvoNsHmE, A. L. (1971) The incorporation of [raC,r] aspartic
acid into nicotinic acid N-glucoside in Nicotiana tabacum. Biochemical Jounal 124,
949-950.

Nicotinic acid is iocorporated into its N-glucoside io N, tqbqcum. More glucoside (about
20 x ) is preseDt than fr€e nicotinic acid. When [r4Cd aspartic acid is absorbed by rools of
N- tobacum, it is iocorporat€d into nicotinic acid N-glucoside with virtually all the radioactivity
in the carboxy goup,

Entomologr Deportuent

BooK
l0.l EDwARDS, C. A. & IrFry, J. R. (1972) The biology ofeorthworms. London: Chapman

and Hall, 283 pp.

GENERAL PAPERS

lO -2 EDWARDS, C. A. (1972) Soit types and pest cfnlrol. Soil Suryey Technical Monograph.
Soil Type aad Land Capability. (In the press.)

10.3 EDWARDS, C. A. & THoMpsoN, A. R. 0972) Pesticides and the soil fauna. .Rerruae
Reyr'elrr. (In the pr€ss.)

10.4 JoNTs, M. G. 0971) The food of Wh€at Bu,lb fli€s (Izptohylemyit coarctata Fall.).
Pruceediags of ,he l3th Interratioral Congrcss of Enton ology, Moscow, IW. 2, 342-
343.
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10.5 TAyLoR, L. R. (1971) Aggregation as a sp€cies chatacteristic. Stdtistical Ecologv I,
357-317.

PAPERS rN RorHAMsrrD REPoRT, PART 2

10.6 BARDNER, R., CALAM, D. H., GREENway, A. E. GRrFrrrHs, D. C., JoMs, M. G., I,oFrY,
J. R., Scor-r, G. C., WTLDTNG, N. (1972) Wheat Bulb fiy. Rothamsted Experirne al
Stqtion. Repo fot 1971 , Part 2, 164-17 4.

Recent research on the Wheat Bulb fly at Rothamsted is reviewed. It is concerned with how
infestations cause loss of yield, control of the pest by ios€cticides, and the ecology of all stages

of the life cycle. Possibilitiqs for developing new methods of forecasting aod controlling the
effects of infestations are discussed.

lO.7 TAyrrR, L. R. & FRENCH, R. A. 0972) Rothamsled ins€ct survey. Rothanuted
Experimeital Stdtion. Report for 1971, Part 2, l8l-199,

Tables are given of four-we€k samples of 33 aphid speaies, ot species groups, from 14 sites in
Great Britain and Holland during the p€riod 13 April to 4 Novemb€r l97l and annual totals
of 3l sp€cies of Macrolepidoptera at 62 sites io 1969 and 68 sites in 1970.

RxsEARcH PAPERS

lO.8 BARDNER, H., EDWARDS, C. A., ARNoLD, M. K. & (RocERsoN, J. P.) (1971) The
symptoms of attack by swede midge (Co ariniL astuttii\ ar,d effects on the yield of
swel,Cs. Entomologia Expetinentalis et Applicata 14, 223-233.

Four exp€riments in S.E. England (19ffi3) and one in N.E. Encland (1963) used differeot
methods to expos€ selectively plants to swede midge infestations in the field. The two methods
that satisfactorily assessed yield losses were: (l) marking naturally infested plants; (2) marking
artificially infested plants with small temporary cages to confJre the ovipositing midges over the
plants and comparing the yields with those ofnearby uninfested plants.

The symptoms of attack were recorded and classified as primary or secondary. The primary
symptoms, 's\rollen petiole' and 'crumple leaf', were commoner and more reliable indicators
of attack than the s€condary symptoms,'many neck' and 'cabbage top', which could be caused
in otherways.

Sowing date and tolerance to attack were related. Early sown plants yielded more and were
more tolerant to attack than late sown plants, even wheo heavily attacked. It seems that only in
unfavourable growitrg s€asons would this p€st seriously afrect yields of swedes.

10.9 (BRowN, E. S. ) & TAyLoR, L. R. 0971) Lunar cycles in the distribution and abun-
dance of airbome insects in the Equatorial Highlands of East Africa, Iournol of
Aninal Ecology 4, 467-779.

The aerial density of moths in two years and of all insects in one year were measured at 5 ft
(1.52m) and 50 ft 0524m) or 30 ft (9.14 m) at Muguga in I(enya, and the results
analysed in relation to the luDar cycle. Neither the total number of iDsects in the air, nor the
aerial density at the two heights, showed any significant lunar cycle.

The vertical distribution of total flying iDs€cts had a signmcant lunar cycle, out of phas€ with
the moon, insects flying higher duriog the 6rst quarter than the third. The densities of total moths
at both hcights and the total number in flight had signmcant lunar cycl€s in one year, but not in
the other, such that maxima occurred at new full moon and minima at frst and third quarte$.
Diflerent species had different lunar cycles of aerial density at 5 ft (1 52 m). There was no
signmcant lunar cycle of the vertical disposition of moths in either year-

Amplitude of established cycles was always small. The deosily gradients are similar to those
found in southern England. Lunar cycles of catches of moths at light at Muguga arc not ade-
quately acaounted for by thes€ results.

10.10 EDWARDS, C. A, & LoFry, J, R. (1971) Nematicides and the soil fauna. Proceedings
ofthe 6th British lrcecticide and Fungicide Conference (1971) f, 158 166.

Aldicarb, methomyl and dazomet applied to soil killed half or more of the soil-inhabiting iDverte-
brates. Only dazomet affected earthworm populations. Predatory mite populations recovered
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from the effects of the chemicals sooner than thos€ of other mites. None of the nematicides
affected insects other than Collembola.

I 0 . I I JoNTs, M. G. (l 971 ) Observations on changes in the female reproductive system of the
Wheat Bulb fly lcrrohylemyia coarctata (Fall.). Bulletin of Entono@ical Research 61,
5t-68.

ln Leptohylemyid coarctata (Fall.) the germa um cuts olT oocytes that dovelop tbrough the
stages 00 and 0 and I-Y, recognised in other cyclorraphous flies, in 4 5 weeks. All eggs of ooe
batch of the gonadotrophic cycle ripen at the same time. After oviposition, the split intima, the
remains of the follicular epithelium, and the nurse cells slowly contract to form the follicular
rclic. Flies swept from winter wheat during June and July and caught in water tra6 in July and
August showed all stages of egg development. Io 1970, 24.7 7" of the females swept ftom the
crop had completed ttre first, 4.7 % the second and 0.470 the third gonadotrophic cycle. All
the eggs were not laid at the same time. Dudng the later gonadotrophic cycles, some ovarioles
were non-functional. Flies taid one or two batches of eggs, mrely thrce. In 1970, many flies
were attacked and killedby E. muscae. Only one our of ll5 newly emerged female Wheat Bulb
flies presented with foods usually found in the crop, or citrated blood, contained mature eggs
aftet 2+27 days in small cages. Those fed only on o.lM glucose surviyed but did not deposit
yolk in the oyum; those provided only with yeast paste died. Honeydew from cereal aphids
was the main source of sugar. Water in droplets and spac€ to move se€m necessary for the eggs
to mature.

10.12 MACAULAY, E. D. M. (1972) A simple insect flight recorder. Entomologia Experi-
nettalis et Applicata lS, 252-254.

An apparalus is described by which flight activity of individual iDsects in small cages can be
continuously monitored. No complicated electronic circuitry is involved, the equipment is
stable aod can be left unattended for long periods.

10.13 (RErCHLE, D. E., CRossLEy, D. A.), EDWARDS, C. A., & (MCBRAYER, J. F.) (1972)
The impact of earthworms on the uptake, turnover and distribution of C-€sium-137
itt Liriodendron forest soil. Proceediws of the 3rd Symposium of Radioecology, Oak
Ndge,Tennessee. (In tbe press.)

Studies on the dynamics of la?Cs it Liriodendrcn forest ecosystems show the organo-mineral
soil complex to b€ a major repository for 13?Cs. Soil slowly exchanges 137Cs with other compo-
nents of the ecosystem. Earthworms Grimarily Octolasium) exceed 807j of the soil invertebrate
biomass, and significantly affect the breakdown of organic matter and the accompanying release
of bound elements. Seasooal analyses of the abundatrce and biomass of earthworms enabled
total 137Cs to be partitioned between earthworm tissue, soil organic and mineral-bound fractions.
Information was also obtained on efficiencies of 13?Cs assimilation by earthworms from mineral
soil and organic matter, and the tumover of r37cs in their bodies. From this a model was devel-
oped that des€ribes the seasonal incorporation of litter and hence r37cs into soil by the earth-
worm population.

10.14 SrEpHENsoN, J. W. (1972) celatin as a carrier for S2-Cyanoethyl N-t(methylcar-
bamoyl)oxyl thioacetimidate, an exp€rimental molluscicide. Pesticide Science 3, 1-7.

Gelatin and gelatin hardened by formaldehyde, were immers€d in water or exposed out
of doors on bare soil, aDd their stability assess€d. The water-soluble, protein-rich, constituents
of wheat bran are palatable to slugs and can be used a! an arrestant. Hardened gelatin made
with aqueous wheat bran extract coDtaining the pesticide did not disintegrate io wet weather
and continued to kill slugs over a long period.
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Bee Depsrtment

GENERAL PAPERS

11.1 BArLEy, L. O97l) The safety of pest-insect pathog€ns for beneficial ins€cts. In:
Mictobial conrtol of iwects and mites. Eds. H, D. Burg€s & N. W. Hussey' London:
Academic Press, Chapter 23, pp. 491-505-

ll .2 BArEy, L. (1971) Honey-bee viruses. Science Progrcss (Oxford) 39, 3@-323.

It.3 BAtr-Ey, L. (1971) HoDeybee paralysis; rctrospect and prospect. Repo olthe Cenlral
Association of ,he British Bee-Keepers' Associalion, Dg. l-8-

PAPER IN ROTHAMSTED REPORT' PART 2

ll .4 BARDNER, R., C,cLAM, D. H., GRTENWA! A. E., GRrrr[Hs, D. C.' JoN'Es, M. G.,
IrEry, J. R., Scorr, G. C. & WILDTNG, N. (1972) The Wheat Bulb fly. Rothdmsted

Experinental Sration. Report for l97 1, Part 2, 164-174,

RISEARCH PAPERS

ll.5 BurLER, C. G. (1971) The mating behaviour of the honeybee (Apis mellifera L.).
Journal of Entomology (A) 6, 1-ll .

Stimulated by the odour of a queen's s€x attractant, 9-oxodecenoic acid, drones fly upwind
looking for her. This acid is produced in her mandibular glands but some becomes distributed
on her body, Stimulated drones fly to any queen they see and examine her more inteos€ly when
she has another uoidentified pheromone on h body, than when she has not or has 9-oxodecenoic
acid only. Seizing of the queen and copulation both s€em to b€ stimulated, not only by g'oxo-

decpnoic acid and an open sting-chamber, but also by unidentified material on her abdominal
tergites. The same pheromone{s) that stimulates drones to examine a queeD closely may also
stimulate them to attempt to copulate.

1l .6 FR!E, J. B. (1970) Effcct of flower shap€s and nectar guides on the behaviour of forag-
inghoneybees. Behaviour 37, 269-285.

Honeyb€es were trained to collect syrup from coloured discs and then presented with a choice
of 'model' flowerc. The colour of a model was important, but its scent even more. A foreign
odour made the models less attractive than no odour. The size of a traiDing model did not influ-
enc& the size of model later chosen, but the bees prcferred radially symmetrical to bilateraly
symmetrical models, and models with a disruptive outline to circular models, even though trained
to circular ones. Adding nectar guides to a model increased its attractiYeness; dotted lines were
more attractive than a black circle in the c€ntre of a model. A disruptive outline also inqeased
attractive.ess, and its eff€cts and thosc of nectar guide lioes were additive. However, a limit was

soon re.ached when morc guide lines or s€gmentation failed to increase attractiveness. Nectar
guide lines directed bees oDly after they had leamed to seek food at a particular site io relation
to them. Untrained b€€s were attracted to a black central area, and still more after training.

ll .7 FRBE, J. B. (1971) Stimuli eliciting mating behaviour of bumbleb€€ (Bombus pratorum
L.)maler, Behaviour 4), 55-41.

Males were attracted to queens pres€nted ne3r a 'visiting placc', but usually ignored thosc offercd
elsewhere along a flight route. A black object the size ofa queen elicited inspection and attcmpts
to mate;the orangp and yellow bands orl a que€n's body and her movements seemed trot to do
so. The odour ofa queen is important in inducing mating and odour difference probably accoun'
ted for young queens being more attractive than old ones.

I I .8 FREE, J. B. & WILLIAMS, I. H. (1970) Exposure of the Nasanov gland bv honeybees
(Apis nelwra) c{,ll(fling water. Behaviour 37, 286'29o.

When worker honeyboes have made several cons€cutive trips for water many of them expose
their Nasanov glands at the source of supply, and esp€cially when it lacks an odour of its owu.
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The tendency of bees to expose their Nasanov glands when collecting sugar syrup or abnormally
abundant supplies of nectar seems an adaptation of the behaviour that naturally occurs when
collecting water.

ll.9 FrxE, J. B. & W[LrAMs, I.H.(1971) Effect of giving pollen and pollen supplement to
hooeybee colonies oo the amount of polle[ collected. Jownol of Apicultural Rcsearch
10, 87-90.

Feeding pollen in the hive in summer decreased the amount of pollen collected by the colony.
But when a pollen supplement was provided instead, little was consurned and there was no
apparent effect on pollen collection.

I L l0 (PANKrw, P.), BArLEy, L., (GocrrNAUER, T. A. & HAMrLroN, M. A.) (1920) Disinfection
of honeybee combs by gamma irradiation. IL European foul brood dtlr.a.*. Iourtal
of Apicuhwal Research q 165-168.

After exposing combs from honeybee colonics with European foul brood to gamma irradiation,
up ro 0'8 Mrad, they still contailed many viable cglls of Streptococcus pluton and of Bacillus
a/ve,; and caus€d European foul brood when placed in healthy colories.

I I . I I SrMpsoN, J. (1970) The male genitalia of Apit dorsoto (F.) (Hymenoptera : Apidae).
Proceedings of the Royal Entomowical Society of london (A) $, 169-11t-

The everted aedeagus of Api$ dorsata is dwribed, and comparcd with that of A. ,rrelwru a\d A,
cerana.

ll.l2 SrMpsoN, J. & MoxLEy, E. (1971) The swarmiog behaviour of honeybee colonies kept
in small hives and allowed to outgrow them. Joumal of Apicufuural Research iO,
109-l I3.

Colonies that outgrew small hives swarmed only when they had ocaupied queen cells and always
with old queens. Their behaviour thus differed from that recorded from colonies with abundanr
hive space, which swarmed with young queens (after the old ones were dead), aod also from the
behaviour recorded from colonies suddcnly put into small hives, which swarmed without
occupied queen cells.

ll.13 SPRADBERY, J. P. (1971) Seasonal changes in the populaiion structure of wasp colonies
(Hymenoptera : Vespidae). Jotmol of Animal Ecology N, 501-523.

Seasonal changes in the population structure of 89 colonies of wasps (Vespula vulgaris and V.
germanica\ coll€f,,t(d. near Harpenden, Hertfordshire, io 196l are described.

I I . 14 WTLDTNG, N. (1972) Conidial disr,harBe of Entomophthols thaxteriana petch from the
pea aphid Acythrosiphor, pisum llaIlis. Jounal of Gercral Microbiology 69, 417422.

At 2l', conidia of Entomophthora ,haxteriarra were first discharged from infected pea aphids
about G9 hours after the aphids died and the discharge was fastest about nine hours
Iater. In constant light, the ratc then slowed and discharge ended about l6 hours after an infected
aphid dicd; in constant darkness the fast€st rate (2 x lOe conidia/h/aphid) was only one quarter
that in constant light but it was maintained for l0 hours. In alremating 12 houn lieht, Irhours
darkness, the rate of conidial discharge much increas€d two hours after the admission of light
aad much diminished two houn after light was excluded. In constant light, the are.uge number
of conidia dischargpd from one adult apterous aphid was at least lS, twice that in constant
darkness. DischargE of conidia begao earliest at 20. but the discharge was fastest at 25".
Ultimately, similar numbers of cooidia were discharged at any temperature from 5. to 25.C;
conidia were not discharged at 0" or 30"C.
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l2.l NELDER, J. A. (1972) Mathematics for biologists. Bullerirt of the Instita'e of Mathe-
,narics qnd its ApplicarbrrJ. 0n the pr€ss.)

12.2 NELDER, J. A. (1972) Summary and assessment: A statistician's poht of view' In:
Mathentatical models ia ecology. l-ondor|. Blackwell's Scienrific Public'tioDs' (In
the press.)

RESEARCH PAPETS

12.3 BoyD, D. A., (Wrr-rrmas, J. H. & FoRBEs, N.) 0972) Tests of long-term residues of
phosphorus fertilise$- ExPerime al Husbondry. (In the press )

The residual value of two amouots of four forms of phosphorus fertiliser given between l95l
aod 1964 were evaluated by test drcssinSs of four amounts of superphosphate in foul experiments

in 1967, two with potatoes and two with kate; on€ of the kale experiments was damaged by
oieeoDs and the rcsults are ofdoubtful Yalue.' bo a site fairly rich in P at High Mowthorpe therc were only small rcspoDs€s both to 'new'

P and to residucs. At Rosemaund and Trawscoed, by contrast, residues alone increased yield

morc than 5O%, and there were large effects of'new' P; with fresh dressings residues had little
effect. In terrns ;f fresh dressings, residues were equal to about 4 % of the original &essings'

The apparent value of residues depeDds very much on how the fresh dressings are given;

to standaidise the method and so make results of future experiments as comparable as possible

from site to site and from crop to crop, the test dr€ssings should be broadcast on the plough

furrow and thoroughly worked into the seed b€d.
The risk of bias ani the need for proper estimates of plot error when tests are made on the

sites of former long-term exp€riments are discussed.

12.4 DRAYcorr, A. P., DURRANT, M. J. & BoYD, D. A. O97t) The relationship between

soil phosphorus and respons€ by sugar beet to phosphate fertiliser on mineral soils'

Journql of Asricultural Science (Cambridge) 77 ' 
117-l2l .

(For summary see No. 16.26.)

12.5 GowER, J. C. (1972) Classification criteria and algorithms Computer Journol'
(In the press.)

Some points rais€d by the axiomatic approach to classification are discuss€d and an attempt

is made to clarify the iole played by criteria in the theorerical definitions of optimal class€s and

their place in computing algorithrns. The importance of understanding the purposes of classi-

fication, and the differeni problems raised by different class€s of things to be classified, are stress€d.

12.6 GowER, J. C. & (BARNET, J' A.) (19?l) Selecting tests in diagnostic keys with unkoown
responses. Nature, I'ondon 82, 491493.

A method is discussed for constructing diagnostic keys to distinguish between z types by exam-

ining some subset of, characters' For each type the characters are present, absent or unknown'

in"t"Ooa i. irt"nded to give an approximation to the key with the smallest average number of
steps to identification, but i simple modification is described that gives a sub-optimum key but
uses fewer characten.

12.1 (IAr,rEs, A- T.) & WLKn6oN, G. N. 0971) Factorisatior of th€ residual operator and

canouical decomposition of nonorthogonal facto$ in the analysis of variance' 
'io-net*a 58, 279-294.

A factorisation is given of the residual op€rator for nonorthogonal analysis of variance. It is

interpreted geomet;ca y in terms of the critical angles b€tween the subspaces determined by the

facto$. Th;factorisation determims a r€cunive procedure for analysis. Canonical componcnts
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are defined and a m€thod of computing th€m is givcn togEther with formulae for their varianc€s,
becaus€ these would be required for combining informalion, us for insLnc", in the recovery oiinterblock information.

12.8 KRzANowsKr,_ W, J. O97l) A comparison of some distanc€ measures applicable tomultinomial data, using a rotational fit technique. Biometrics 27,1062_l06g.
The problem of devising a suitable measure of distance
discrete variables has attracted some attention. Some

between populations on the basis of
of the more common mcasures arecompared.

12.9 KRzANowsKr, W.
press.)

J. (1972) Techniques in multivariate analysis. firralpia. (In the

The need for multivariate alalysis arises whe,ever more thaD one characreristic is measured on
several individuals, and relationships among tbe characteristics make it necessary for them to bestudied simultaoeously, A simple geometrical model is often used to study 

"ny 
int".-."tution-

srups that may exrst among the individuals. An itrdividual that has p characteristics measured onit may be repres€oted as a point in pdimensional space; its coordinaie on the jth o.th;g;n;i
axis is given by the measuremeot on-the ith chamct;ristic. When p > 2, such a'represeniition
may give rise to dimculties of visualisation and interpretatioD. .ih" pup". surveys a class of
techniques developed to lessen dimensionality in multivariate situations, while ."iuining J"tuii
enough to represent the data adequately.

12.10 KRzaNowsKr, W. J. & NEWMAN, A. C. D. (t972) A computer simulation of cation
distributioD in the octahedral laycrs ofmicas. Miruralogicai Magazine. (In thepress.)

Without direct evidence that cations favour particular sites in the octahedral layers of phlogo_pite-biotite micas, it is usually assumed they are distributed randomly. 3u* u aisi.i_buti91 h9weve1, implies appreciable populations of cation combinations ihat seem elecrro_
stati."lly. improbable. A computer program was written that rearaDges a random distribution
so that the improbable combinations of cations are eliminated by p-redetermined restrictions.
conditions deduced frorn pauliog's electrostatic yarence rutes read to grouping of trivarent
catioDs around vacancies; for some chemical compositions, chains of altemats trivalenr cations
and vacancies extend through the structure.

l2.ll LEE.H, F. B. (1971) A critique of the methods and resurrs of the British national
surveys ofdisease in farm animals. Britirh yereri\arylournal l27,5ll-522, and 5g7_592.

Part I- Discussion of the surveys
A crirical discussion of the British national surveys of disease in farm animals, with conclusions
related to the experiences of these survcys.
Part II. Some general remarks on popnlation surveys offarm animal dbease
A discussion of the five British national surveys in part I of this paper suggested some general
conclusions about planning such surveys that are discussed in this iart.
12.12 NELDER,J-A. & GowER, J. C. (1972) Statistical systems and general_purpos€ languages.

Bulletii of the Intematioral Statistical Insrrlale. (in the prd.)
We distinguish paclrages, driven by a main program in the same programming language, and
ryJrerru, wNch have their own language.

The package is flexible but the restrictcd operands in existing programming languages make
data-handling dimcult. systems are better at data-handling but iriy * otnerwise ionexiute.

. 
Some of the rcquircments are giveo for a good general-pupoj language that would largely

obviate the need for constructing speciar svitem i-ung.,"gi.. it 
" 

.^t""ni to which ar,coi 6-g
meets thes€ requirements is discussed.

- 
Problem-oriented languages may survive but their implementation can be greatly simplified

by a good general-purpose language.
The structure{efining properties of the new languages make slandardisation of data-structures
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essential if programs are to be transforable, Statisticians should develop standards and ensure
that new languages have the facilities they need.

12.13 Ross, G- J. S. (1972) Stochastic model fitting by evolutionary operation. In:
Marhetatical models in ecology. London: Blackwell's Scieotific Publicatioos. (In the
press.)

when an observed distribution or curve is assumed to arise from a stochastic model it is often
not possible to obtain explicit expressions lor the prcdicted values corresponding to giv€n
parameters. However, simulation experiments using ps€udo'ratrdom numte$ can be us€d to
obtain approximatiotrs to the likelihood fuoction, the variance of the estimated likelihood
dep€ndiog on the number of trials used. Hence approximate maximum likelihood estimates atrd
confidence regions for the parametels can be obtained by applying evolutionary operation to the
approximate likelihood function.

12.14 wrlKtr\soN, G. N. & RocERs, c. E. (1972) symbolic de.scription of factorial models
for analysis of variance . Applied Starisrics. (In the press.)

The pap€r describes the symbolic notation and syntax for sp€cifying factorial models for analysis
of variaoce in the control language of the GENSTAT 5 statistical program system at Rothamsted.
The notation gpoeralis€s the structure-formulae descriH by Nelder. A further exteDsion of the
syntax is discussed for specifying models generally (including nonJinear forms).

Computer Del)arfuent

GENERAL PAPER

13.I (DAvrDsoN, J. N.) with appeDdices by YArEs, F. & (MCCREA, W. H.) (1971) william
Ogilvie Kermack. 1898-1970. Biographical Menoirs of Fellows of the Royal Society
r7,399429.

RESEARCH PAPERS

13.2 YATES, F. (1972) The analysis of suweys on computers-features of the Rothamsted
surveyprogmm. Applied Statistics. (In the press.)

The steps requircd in the analysis of surveys on computers, and the re4uirements of a general
program are set out and features of the lat€st version of the Rothamsted program, implemented
on the ICL 4-70 and IBM 360-50, described.

13.3 YATrs, F. 0972) The use of computers for statistical analysis: a review of aims and
achievements. Bullerfu of the Inte ationdl Sratistical lLsliture. (In the press.)

The rapid increas€ in the power of computeB and the introduction of remote access terminals
and visual display provide new possibilities for the processing and analysis of statistical data
and io editing and analysis. There is an imperative need for good libraries of progams suitable for
users who have litde knowledge of computers, including thos€ who are inexperienced in data
analysis.

13.4 YArEs, F. (1972) A Montecarlo trial or the behaviour ofthe notr-additivity test with
non-normaldata. Biorlctika59. (Inthepress.)

The b€haviour of the ,-test bard on Tukey's one degree of freedom for non-additivity with
non-normal data was investigated by a small Moutccarlo trial. As exp€cte4 the levels of signi-
ficance were considerably exagEprated when there wcre no real additive eflects and the data
were skew, but there was no serious disturbance when additive effects of any magnitude were
introduced. The implications of these findings itr the various contexts io which the test may be
used arc discussed.
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l4-l DYKq G. V. (1971 and 1972) What we have learned about leys. (Z pans) Arable
Famar D@mtfJr 1971, I 8-20, and Jan uary lgj}, 46-48.

A briefaccount of the Ley-Arable experiments at Rothamsted and Woburn.

Broom's Barn Experimental Station

GENERAL PAPERS

16.1 qRAycorr, A. P. (197t) Ferriliser requirement of sugar beet. In:,SagalBee, (Shellstar
Handbook), 22-28.

16.2 DRAycon, A. P. (1971) Time and form of fertiliser spreading. tay'est Sufolk News_
papers-Farm Supplemeal, Autumn I 971 , G7.

16.3 DRAycorr, A. P. & DURR ,Nr, M. J. (t971) plant and soil magnesium in relation to
response of sugar beet to magnesium applicaiion- I.I.R.B. (Iournal of the Internatiotal
Institute for Sugar Beet Reseorch) S, 129-135.

16.4 DRAycorr, A. P. & LAsr, p. J. (197t) How much nitrcEen? Btitish Sugat Beet
Reiew 4,21-25.

16.5 DUNNTNG, R. A. (1971) Docking disorder. ln: Sugu Beet, a manual for formers
(FisonsAgrochemical Division), 4H5.

16.6 DUNNNG, R. A. (1971) Pests. Ir: Srgar Bee, (Shellstar Handbook), ,10-49.

16-7 DI{NNrNG, R,A. (1971) A survey of sug,ar beet pest and disease incidence and damage,
and pesticide usage in Europ€. I.I.R.B-(Journal of the Intenationll Institute for Sujoi
Beet Research 6. (In the kess.)

16.8 IIEArHcorE, c. D. (1971) Abundance of aphids and some ins€cts that prey on them
in Suffolk, as shown by catches on sticky traps. Transoctio\s of the Sufioik Naturalis*'
Sociery lS,437-42.

16.9 YEArHco-rE, c. D. (1971) Maogold clamps and virus yellows. Btitish Sugar Beet
Review 39, 173-174.

16.10 HEarHcorE, G.D. (1972) Evaluariog aphid populations on plants. ln: Aphid Ech_
nology. l-ar.don: Academic Press, Ch. 3, t05-145.

16.ll HULL, R. (1971) Conclusions of the symposium on integrated control of pssts aDd
diseascs of sugar beet. LLR.r. (Journal of the Internatio;al lrctitute lor Sigar Beet
Research) 5. (In the press.)

16.12 HULL, R. (1971) Control of aphids and yellows in sugar b€et. Easr Angtian Doily
Presq Sugar Industry Supplement, September 1971.

16.13 Hurr, R. (1971) Diseas€s of sugar beet. lr.: Sugar Beer (Shellstar Handbook),
50-59.

16.14 HULL, R. (1970) The organisation and work of an exp€rimental station devoted to
rescarch on the sugar-beet crop in Great Britain. h: The orga sation and methods of
agricultural research. Ministry of Overseas Development, 75_31,
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16.15 HULL,R.(,971) Sugar beet diseas€s. ln; Diseases of crop plonts' Ed' J' H' Westem'

I-ondon: Macmillan. Ch.9, 160-181.

16. 16 HULL, R. & DUNN'rNG, R' A' (1972) Pests and diseas€s of sugar beet' fodder be€t and' 
mangolds. ln: Insecticide and lungicide handbook,4th edition' Ed' H' Martin'
OxfJrd: Blackwell's Scientific Publications, Ch. 7. (In the press')

16.17 IH]ULL, R. & JAC,GAPD, K. w. (1971) Recent developments in the establishment of
sugar-ht stands. Field Ctop Abstracrs24' 381-390.

PAPERS TN ROTHAMSTED REPORT, PART 2

16.18 DRAycorr, A. P., DURRANT, M. J., HULL, R. & WEBB, D. J' (1972) Yields of sugar
- - ' - - 

Ueei ana barley in contrastiog crop rotatioos at Broom's Bam, 1965-70' Rothamstecl

Expeiruntal Station. Report lor 197 l,Part2' 149-154'

Yields of sugar beet were compared when grown in five contrasting rotatioos; sugAr beet every

yea. (Rt); oice in ttree years t ith t*o barley crops @2); once in six years with five barley crops

inll, o"o i" three vears with a twoyear ley (R4) and with beans and potato€s (R5)' During
itri iix vean oftrc eiperimenlhe yiel6s ofsugar beet in all rotations d-id not differ sienificantly.

ii"fa" "of 
U.A"V declined from 3.3ttra gmin in the first y".t to 2.7 t/ha in the third year after

ru# Uot but-were unchanged thereafter. Giving 0, 63, 125 or lE8 kg/ha N to the sugar b€et

rn6,r"C r"apoot" *"s simila; in all rotatioos but differed from year to year- one hundred and

twenty-five kg/ha was more than enough to give maximum sugar yield in all rotations every

u.".,'oirinn io. neither increased oor decreased yield. The residual nitrogen from the lalgsst

iroiio'g ttigt Uv deqeased the yield of grain from the following barley but did not affect th€

yield of the other croPs.- 
Comparisoo of the amounts of nutrients removed in lhe crops with the amount applied in

fertilisei showed that yields were not limited by lack of nitrog and phosphorus. Although on

average of the six years, the amount of potassium applied exce€ded-the amount removed by all

roratiions, some crops may have responded to more becaus€ the residues differed greatly between

rotations: The effeca of increasing potassium and of giving magnesium is being investigated '

16.19 DRAycorr, A. P., DUP.R Nr, M. J' & WEBB, D. J. (1972) LDg-term effects of fertilisen
at Broomis Bam, 1965-70- Rorh@\sted Experimental Staliol RePort for 1971,

Part 2, 155-164.

Results are reported from the frst six years of an experiment testing 18- fertilis€r tleatmeDts on

viild and comoosition of crops in a rotation of sugar beet, winter wheat and spring barley.

ihe main object was to s€e wbether the fertiliser recommetrdation (Fr Table 2) bas€d on many

"nnua "*p"a-"ntt 
on commercial farms was sumcieot or whethel larger dressings (Fz) might

eventually giY€ larger yields.- 
Fi ptoii""a -"*imum yield of sugar during the first thee years but F2 slightly more duting

the second thrce. The recommended dressing of nitrogen gave maximum yield every year and

ptoipto-t fertiliser was not needsd by sugar beet any year' Without sodium, the double

i."rriog of pot^riu- was needed but with sodium (as in F r) there was little response to potassium.

ft ii-,nir"io." not 
"fear 

why sugar b€et with Fs outyielded Fr in the later years. Nor is it clear

;i, FYM inqeas€d yield ;lightly in most years even with F2. The cereal vields showed that

Fr sumced for wheat but barley needed the double dressing of nitrogen'- 
t.rp" o. plots without fertiliser removed about 300 kg/ha N, 60 kg/ha P and 220 kg/ha K

Or.ing ifr" six year. Fr supplied about the same amount of each elemeDt as was taken off in

"iooil*i,"r"u"-f, 
supplied ibout 300 kg/ha N, 160 kg/ha P and 350 kg/ha K more than crops

i.rio""a. S"l pf,orph-orus extracted with sodium bicarbonate solution was related to, but always

-r"fr foa tnri, tf," u-ount calculated from feniliser additions and crop offtakes' When potas-

sium *as added or small amounts removed, there was a smaller but related change in soil

;;;;ir-;;h"" more than 75 kgAu potassium was removed, soil potassium decreas€d only

sliEhtly.---iirJ 
e*p"ri^"nt provides little evidenc€ that recommendations based on annual trials need

iocreasing. The experiment will be continued unchanged in l97l-73'
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16.20 ByroRD,-W. -J. (1971) OrganG.mercury fungicide treatment of sugar_beet s€ed.

Annals of Applied Biology 69,245J52.
Su.Sa:-bTt seed.treated wirh I % volume to weight of 1,214 ethyl mercuric phosphate (EMp)
solution in the 'Misto-o-Matic, machine gave seedling emergence in the fieid *i fi"i pl""i
stand comparable_ to EMP steep. However, when the seed wai stored after treatmeDt s€eAings
were sometimes damaged, and the treatment was not considered a suitable ."pt"""^"ri iJi
the EMP steep given to all sugar-b€et s€ed in Britain.

16.21 CooKE, D. A. & Dnlycorr, A. p. 0971) The effects of soil fumigation and nitrogen
fertilisers on nematodes and sugar beet in sandy soils. Annats of-Applied Aioiogy'6g,
253-26/..

rI 15 experiments on [ght latrd infested with plaDt-parasitic oematdes, fumigating the soilduring the previous winter with .D-D' increased the average yield of sugar_beet rdots from
25 to 36 t/ha; this was more than obtaioed with various formi oi nitrogenous fertilisers used in
amoutrts up to 250 kg NAB. Giving 85 kg N/ha increased yields on fumigared plots by 7 t/ha,
and there was little benefit from giving more. Fumigation kilied 6 5/. of pralyrenc-hus spi. toy. ii
Trichodorut-spp.,and 9O/o of Tylenchorhynclrzs spp. io the top 5 cm of rhe ioil and, ails_ZO-c-
deep'_ 90, 93 a,,d 95 % respectively. The vield inirease from iumigant at different ;ites was not
correlated with the-initial populations ofrematodes. The average increase in yield fiom rumila-
tion was only poorly correrated with rainfa[ during May. The increases in nematode poputatidns
between April and August depended on rainfall, and were positively correlated both-with the
accumulated raiDfall for the l0 weeks before sampliDg the sol in A,rgust and with the rainfall
during. the week previous to sampling. Fumigation not only improved the health of.ootr, 

"n-so enabled them to us€ nitrogen more emciently, but also iocieased the amount of available
nitrogen in the soil and decreas€d the amouDt Iost by leaching. Injected anhydrous ammonia
did not affect thepopulations ofnematodes

16.22 DR^ycor-r, A. P. (1970) Anhydrous ammonia compared with solid feniliser for sugar&t. Anhydrous ammonia: proceedings of a symposium on aspects of its technology ind
use as o fertiliser. National College of Agricultural Engioeering Siisoe, f 5_17 decem_
ber 1970. Guildford: Irc Science and Technical presi, Oq_22..

lrhyqoy ammonia was compared with .Nitro-Chalk, for sugar beet in 15 experiments on
faJT! in Eastem England aod in thr€e at Broom's Barm, on ,idy lo"ms or loamy sands on
wlfch nearly half the sugar-beet crop is grown itr Grcat Britain. The aitrogen fertirit"it."pp[J
166 kglha N on other farms and 126 kg/ha N at Broom's Bam. Variouslimes of apptyini tfre
arrunonia were compared at Broom's Bam-it was iolxted at the etrd or rte wuier inti m
ploughed but otherwise uocultivated soil, in spriog into the partially prepared s€edbed or at
lhe 

erld gf Mly as a side dressing before singling the plants. The iotiA iertUiser was always
broadcast on the partially prcparcd seedbed.

On average. of the 15 experiments, there was no significant difference in yield of roots, tops
or_ sugar, or in sugar percentage or juice purity, between sugar beet given .Nitro_Chalk, or
anhydrous ammonia.

. At Broom's. Bam average root yields were largest with .Nitro-Chalk' but not sigtrificatrtly
Iarger than with anhydrous ammonia injected in th; s€edbed. with anhydrous ammonia injectei
as a side dressilg b€fore singling yields were always significantly less ihan with.Nitro-c ari';with the late winter 

-injection, 
they were significantly less in iwo out of three years, a;a;

p€rcentage was not affected signficantly but it was always least with .Nitro-Chalk,. 
Sugar yiild

was least from plots with the side-drcssed anhydrous arnmonia and gleatest with fte solid.
At- harvest, beet crgyn with anhydrous ammonia injected duriag winG contaiued 87%, with
anhydrous ammonia in the seedbed 95%, and with anhy&ous ammonia as a side a."oirii'S3 r,of the amount in the crop given solid fcrtiliser.

^ 
Yields from 'Nitro-Chalk' were slightly larger than with aohydrous ammoDia, but not signi_

ficanlly so p-rovided this was injected just before sowing. The pooiyield when anhy&ous ammJnia
was injected after the beet was established probably means it was applied at the wrong time.
3g
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16.23 DrAYcorr, A. P. (1970) The growth of sugar-be€t roots in relalion to moisture extrac-

tion from ihe soil profil". LLn.a.ltor^ol of the International Institu'e fot Sugar Beet

Research) 5,65-7O.
periodic measurements of soil moisture were made in sugar-beet crops in each of the years

i*i;t. ihtqr;ity of water (g/cm3) was determined at 5, 10, 15 and 20 cm, and at 10 cm

intervals down to l0O cm, using a neutron moderation metel.
In all three yeals moisiure was lost from the surfac€ 20 cm mainly by evaporation from bare

roif-a*iog tfri p"tiod up to singlhg. Duri{tg the latter half of May and in early June' sugar-

beet roots-withdrew moisiure aown to tOO crn]In the two dry years, roots took out some moisture

from below 100 cm.-- 
ny ini"g"ting tft" areas between s€quential moistue profiles, measured soil moistue deficits

*# outit"a. ino" were compared with deficits calculated from meteorological data and the

.oJtr rugg"tt"a tnut with deficiis under sugar b€et of less than 15 cm, th€ root system sustained

irr" *uto?.qul."-"nt of the crop from ,o-il ,o.*o, except when the deficit increased rapidly

in 1967.

16.24 DRAYcorr, A. P' & DUPTAI'{r, M. J. (197f) Prediction of the fertiliser needs of sugar'- - 
beeteroil on fen peat soils. ionnal ilthe Scie'"e of Food qnd Agticulture2:2'295 297 '

The fertiliser requirements of sugar beet gtown on fen soils were tested in 52 experiments from

isilio is6s. In some fields, N, B K and Na and, especiallv N and P, gxeatlv increas€d vields'

u"iin" ur"."g" ,oponses obtained with the four elements were small' To help to predict wh€re'

"na 
fto* -o"i, f"ttiliser is needed, soils were grouped according to 

-soil,analysis 
and classified

Uy ioss on ignition. Sugar beet grown on soils with iess rhan 20 pg/ml P (extracted with sodium

UGtr"t"I.J"a Siks/ha P;with 2l-45 pglrnl P, 4l kg/ha P and w-ith more than 45 
"g/ml 

P

"oi",1ii6. 
*"r ,"quiredlMosisoils were rich in K; with less than 100 pglml K (extracted with

u--oniu- nitratei, 208 kg/ha K was probablv justified; with l0G-250 pglml, 120 kg/ha K
was needed. Most of the responses to agricultural salt were by crops oo soils with exchangeable

,o&om coo""ntotlons of leis than 30 ig/mt Na. Loss otr ignition was related to respons€ to N
i"JiU*.i-*r,1" tf," ioss was t'f-25 %, ii increased vield bv-0'76 t/ha sugar and 159 \g/ha I
i"rtilisei *^ neea"O and when the loli w as 26 357", the yield was increased by 0 '14 kg/ha and

75 kg/ha N was needed. With gr€ater losses there was little respons€'

16.25DRAYcoTr,A.P.,DURRANr,M'J.&LAST,P.J.(1971)Effectsofculturalpractic€s- ;d iertilisers or sugar b€et quality. l t R'B' (Jownal of fie Internationsl Ins'itute

for Sugar Beet Researci) 5, 169-185.

Effects ofplant population, length of growing periods (by varyitrg the time ofsowing and harvest'

i"lj, irig":tit", i"it'rfall beiore harvesi and fertilisers on sugar boet quality are summarised from

l-i"d'n"ra?p..i-*ts made between 1956 and 1969. Thos€ testiog cultural practices were made

at Broom's Barn and those testing fertilisers on farms elsewhere'-'il;;;;;E; 
"na 

jui"" p,r-tilv io"r"."ed significantlv with iocreasing plant population

*;;t;. iir""ti or le;$h oi er;wine period were less consisteot but increasing it alwavs

i..i"iJ:u* purity in ihe ."ng. totia (March-December)' on average' lengtheniog the

grd.g F;rl.a i not io"r"uao una tn"n decreased sugar percentage but the effect was largely

i'r""-JO'ty -mal before harvest. Irrigtion decreased Jogar percentage but irueased juice

pudty.
'-Oittre fertitisers tested, only nitrogen changed the quality geatly. 22-5 kg/ha d€creasi.trg sugal

p;il; bii o% itne-magnitudeif the eFect was-similar on all soil tvpes).and juice puritv

[" i iyjpt o-rr.ti had littli effecion sugar percentage and the cations potassium' sodium.and

;;;i;i;J;;i'li.iier,,rv. u"itt 
"r 

-phosphate nor the cations had much effect on juice

pudtY.'l]tie quality changes established were us€d to investigate optimum plant population',length of
*"-*i"i o.ri6i -dr,itrogen drcssing, fo! total sugar aDd extractable white sugar and the corres-

;;ffi ffi;;; ;; ,'Jr" .iGi"i-p. The op-tima were remarkably simitar, sussesti.og that

;;;riJa;G ;ost total sugar also give oear'maximum extractabl€ white sugar'

36s

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


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-126 pp 47

ROTHAMSTED REPORT FOR I97I, PART I

16.26 DRAycorr, A. P., DURRANT, M. J. & BoyD, D. A. O97l) The relationship betweensoil phosphorus and respons€ by sugar bee; ro phoiptrate fertiliser on -i,i"rui ,oiir.Jounal of Agricultwol Science (Cambridee) n , lt_tZt .
Results of two groups ofexp€riments testiog piosphate fertiliser for sugar b€et were re+xamined;
there were 53 experimeDts made betw€en te3Z a"a tSeO in g.oup t 

"oJ 
ZS 

"*pr.i_"ot, U"t*""n
1957 and 1959 in goup 2. The meaD respo-Dse_of total sugar tio I Ze fgA" prOu *"" only 160 kglh;but on a few fields respons€ exceeded tO00 kg,Aa. naionse ,ras Ei*t", i" l95g tha[ in otheryea$, but betw€€n-site variance acaounted foimost ofitre dittereoi i.o^ y"". to y."..

Slored soil samples 
_w_ere 

analysed fo_r phosphoru, Uy fou, -"it oi" ;ifr" results wire compared
a-nd related to the yield response to phosphaie fertiliier. efter aliowin! for experimental lrroithe perceotages of the between-site; variance of th" ;p;r;-;;;ted foi by rog tsoii ijwere (group I 6$t): sodium bicarboDale, fi a\d 62)(; iri"" ,*^, li and 3O.i; arimoniumacetate/acetic.acid,52andO"l;andcalciumchlorid",TZu"aZT".liiinso pU was includeJio the 

-regressioq 
equatioD, prediction- of response Uy 

"oloo 
,Liilucfr i-p.oiea uoa 

"qu"fiJthat of sodium bicarbonate. Arrunonium acetate/acetic aciO was ineF"Cive on soils with much
free calcium carbonate.

As two-thftds of the soils had sodium bicarboDate_soluble phosphorus conc€ntrations betwcen

]j^:"-d^Lt^9,* l:llh mean response.65 kg/ha susar, ttrereis oniy timitea .cope for ioc.easin!
rne pronrabrrrty,or the crop by improviDg p maJruriog. However, more p fertilis€r can be recoml
mended for the few soirs with < l0 ppm p and p fert-ilrse. can ue *iimrera from fields with more
thatr45 ppm. The dressings we recommend are lgo, l2O, 60, :O ana-O tgTna frOs (approxi-
mately 1.5, 1.0,0.5,0.25 and 0 cwt/aqe pzO;) on soils *irf, < fo, i_t', rc_ZS,'Zi+\ ana> 45 ppm sodium bicarbooate-soluble p respectively.

16.27 DR^ycor.r, A. P. & FARLEY, R. F. (1971) Eflect of sodium and magnesium fertilisen
and irrigation on growth, composition and leld of sugar beet. louinal of the Science
of Food and Agriculture 22, 559_563.

Field exryriments (1968-70) were made to find how sodium and magnesium fertilisers and irri-gatiou.affect yield of surgar beet. Nil aDd 250 kg,tra sod.ium (as a cuttu.a salt) and 0 and
100 kg/ha.magnesium (as kieseritel were rested; ilso irrigatiou io irevent the calculated soil
morsrure oenclt trom exc€eding 40 rnm. The plants contained most sodium during August when
?laot:.not erv:n ir conrained 80 kg/ha and ptants given ir containeJ f+i-ig/ha. Meur,ieA torsoor sooum and potassium lrom the soil equalled the total tak€o up by tLe crop. Sodium andirrigation increased the leaf area index aad-total dry mattei oiti 

"iop]rrr" "r"i"ge 
increase in

sugar yield was 0.5 t/ha from sodium and 0.68 t/ha from i.rigaiio.r.-fro- t"t" fi,ty on*uiOr,
irrig.ated plants had slightry fewer reaves than unirrigated o"oi pr""i, gir"" sodium had moreof thefu total dry matter iD the roots thaD those noi given ,oaiu-. it ! 

"n""t, 
of sodium andirrigalion were additive. Magnesium fertiliser increaied the 

"on"""t.utioo 
of magnesium in

the planls and.their total content, bua bad no effect ," g."*rl,-rpiJ" .f the other cations ornnal ylelo ot tne crop. tt is coDcluded that.sodium increased sugar yietd by increasiDg Ihe leaf
:I.:.ilq:* :"dI il ,L" season and by increasing the proportion of;he ioi;i di matter pirtitioned
Io tie roots; tmgation also appeared to act partly by increasing leaf area index 

-but 
it alsogreatly inqeased the uptake of nutrielts.

16.28 DrrNNrNc, 
_R, A. (197t) Changes in sugar beet husbandry, and some eflects on pests

and their damage. proceedings of the 6th Britith Insecticiie ai Fungicide Conleiici(1971) 1,1_8.

It :l:r.e.* ure of genetic monog€rm seed aod herbicides duriDg the last decade, and thelnrroouclrou orplaDtiDg-ro-a-staod' are rerorded for England and for several other west
ly:flf-y{:: Some of the rapid changes in beet husbind.y,-opeciuttv t1," ,t""ay a""Un"
:1j1"-TIT..?]_yds sown/acre, jncreas€.rhe risk of pest damage. Horrever, in triadin teOi,aDq m neto obs€rvations in 19@46, seedlings killed by pests did trot increase with decline innumbers of seeds sown/acre. Some results of fSzf t.ifur, 

-iotirJ 
tn" 

"fos 
of differetrt seedspacings, herbicide treatments and seedbed compactions 6r-poT"ggr"gutio, ana aamage aregiven.
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16.29 DuNNrNc, R. A. & wrNDER, G. H. (1971) Chang€s in- organo-chlorine usage on sugar
'" " -b*i,-;Jp-gress in the tipi"""tiot oi aietatin seed treahent' Proceed@s of the

iii 'a*xh' 
tnsicticide and Fingicide Conference (1971) 2' 367-315'

Organo-chlorine p€sticides are used on sugar beet to p-ryvent damage by p€sts attackitrg 
-the

i""1 "L- o. fo[] ee. especially of see6lind. Otrly rBHC or DDT are now applied to soil or

;'"#Iil##;;;-iJl. il";i;;i;use fiwer seeds/acre are sown and growers wish to

;'fiS,',h" ;ffi; f;;;i;;;h; m epedes (Blcnrztzs aDd other species)' leatherjackels

H;; ;i:;;fi"r"Gi[-(i,ii,ii r-ea,s) ani bQet flea l3qe (chaetocnema conciana)'

i-.i'.i"-rr"'"1, noi'6""o -ua" to find Jtemative materials to y-BHC and DDT for preventing

a"ri"g"l. f"fi"g". currently all seed is Jressea witn 0'2% of dieldrin and most is pelleted;

;;;';e ;;G" made in iesting alternative materials' of which methiocarb seems the b€st

ioi Lnttot of pvemy beetle, one of the major p€sts of seedlings'

16.30 DuNNrNc, R. A. & wrNDER, G. H. (1972) s9T9:trecls: es^PeciallY on vield' of arti'
" -- 

ficialiy Aefotiating sugar beet. Anruls of Applied Biologv 7O'89-98'

The effects of completely defoliating sugar beet at different dates from, May to Octob€r wcre

;;;;;;d iri;r Grs. fo eact year itreiJwere plots given tbe usuat dressiog of nitrogen fertiliser

io ttre seeObea, ani also in two of the years plots given no nitrogeq' - - -. ."'At-n"-*i i" 
"rra_November, 

minimum'root weights followed defoJiation in July or August,

Uri'i"f"fi.ii". i, ,t gust or liter gave minimum iugar contenls.l hen nitrogen was applied

ro i[" .oa*a .ugi yi"ld, were smallest after August defoliation ; without nitrogen' July

a-"f.fl"ti"r-g""" G ,-uUot 
"ogu.'yi"t'at 

Root yielJ- was smaller bul sugar content-usually

er*"i-if,"ri*fl dtrogen. Up to 't01. of the sugar yield was lost ty July or August defoliation

f#i;i#i;ii;il;;i""L*a'."-" oi,r,e impuriiies'io the root juic.e. Yields, atrd recovery from

;.f;ild;,;;; g"ater with nitrogin than without' Partial defoliation iD Mav had relativelv

iij"-"ri*i'". ,i"l-d. Defoliation adected the incidence of virus yetlows differentlv in different

yea.s.

16.31 DURRANT, M.J. &DRAYcorr, A. P. (1971) Uptakc of magnesium and other fertilis€r

elements by sugar beet gro,tn on sandyioils' Joirnal of furiculturul Science (Canbridge)

n,6l-68.
Ten exp€riments (1967J9) on saody soil in East Anglia 

'-n:"tY"d !h" effect of magnesium

r"iiiri*i 
""-yua 

ia cations in sugai beet. Magnesiurn fertiliser increased sugar yield by up to

b-.ii-ilt o "ri 
on tf," three most responsive fieldsit consistently inqeased top aod root dry-matter

yields throughout tbe growiog period.
'' or 

"r"t"i", 
*i,nou-t magiesium fertiliser' tho concentration-of magnesium in tops progres-

"iulru 
a"o"ila fro- o':3 L at sineli;io o"ts % at trarvest, and in roots from 0 39 %to o'0,9)i'

il::;;;;fi;;;;;A;,h';6esium firtiliser were.(top-s) rrom 0'68" to 0 20'; aod

(ro-odiffiilt% i; o'ioZ. vi"ra *[increased bv masoesium fertilise-rs when tops contained

ior i-fi* o'fsZ" i"ig during"Mav, O fo% auriog fuae' o'22% during Julv and 0'17% during

August. Deficiency symptoms *"ti t ot"ti'iOt"-until the concentration in tops aveEged less

;;;i-,i2 fi:ttre perctJnta'ee or punti *itr svmptoms increased rapidlv at smaller conc€Dtrations'

itiiii,rlfiri" iiililtli J""i.""a'tn" 
"onont-ration 

of calcium io tops and roots but did not affect

the conc€otration of potassium or sodium.-ri" -oi.u- amount of -ugn.iiut, potassium, sodium and calcium in tops (August-

s"oi.i*tl 
"'". 

ir, ii a, i! -a eitgtrt" 
.ies-potitirv; 

ino" o""t*sed to 8' 168' 55 and 5o kgiha

"i'n"**iii,g, 
ir,.";ing it at ontv uuo-uiis % or tne targest amount in tops was present at harvest'

The amounts removed in ,oot, "ili^*J wete s ig/ta M& 75 kg/ha K' I I kg/ha Na and

iii.Jii" ct. e at*sing or rm tg/tra magnesi" in"-i*""0 ihe amouot of magnesium in the

crop at harvest bY onlY 4 5 kg/ha.

16.32 LAsr, P. J. & DRAYco-rr, A' P' O97l) Prerticting. the amount of nitrogen fertiliser

needed for sugar beet ty .oii'"naitit' 'foumal oflhe Science of Food and Agriculturc

au a1<J7a\

Ir t 961;l::;iit-;;om 65 fields were analvsed for potentiallv available nitrogen' and field

experiments were m"d" to -"asur" iiiJoptimum nittogen Ore""ing for sugar beet' The soils were
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sampled durfurg autumtr and spring aod incubated either fresh or air{ry, all aerobically aod
illllT._.lP::lt;1! y:: +3fo rrr organic carboo and totar nitrogen, and 35 *o. 

"outyr"dlor banum hydroxide.extractable.glucos€
The amount of Ditroge! mineralised during incubation of fresh spring_sampled and air{ryautumn-sampled soils was significanlly correlated to organic carton anid tot"f nitrog"n-mn'-centratioos, also to the amouot of.-glgcose' extracted bylarium nyAroxiae. Cor.efatio'"s wiieusually better_ with air-dry than with fresh sa-ples, and' *ere alio Letter ,"itn spring tfrao wiinautumn samples.
The amount of mineral nitrogen in air_dry, spring_sampled soils was modemtely well relatedto the optim.um nirrogen dressing (1 : - ti.+e;1 -a t6 tfr" incre"s. in sugar yietd fiom thenitrogen_fertiliser (r : - 0.49' +). Although not tisted on aff ine iarnpfes, the nitrogeD mineral_ised during anaerobic incubation was best related (i _ 1i.-ga;;j'i" ,n" .ptir";. ;il;;;;dressing. The barium hydroxide-extractable .glucose' incentr"tioo i,^ 

"lro 
,lgrin;;at.;d;J

to the optimum nitrogeo dressing (r : _ 0.3r.) and to th; ir"r** ir.rg-yt"f dO: :g.ig;;1.
16.33 ITNGDEN, P, C. (1971) Advanced sugar_beet s*d. Journal of Agicukural Scie,rce(Cambridge) 77 , 43-46.
A technique is described for speeding germinatiot of monogerm sugar-be€t seed. The optimumtreatment was four cycr€s of wet(ing serd Mth its own weighl of waier and storing it in i seaticontainer for 24 hours before dryiig fo.l8 hours. The n"umbe.ilfli"-U.yJ*", arrif"a,
seedlig-q €merged approximately 2.5 days sooner and seedling st ooirriight lr", in".."".a- U]31to 53iL

16.34 LoNGDEN-, P. C. O97l) Monogerm sugar-beet seed production experi me\ts- Journal
of Agricuhural Science (Cambridge). 1In the press.) 

-

Eight experiments investigated how differeDt sowing and harvest dates, plant populations andfenilisers affect yield, germination and_ size of reei fro* nytria mlnogerm sugar_b€et s€edqops' grown ,z ,ira when raised under barley cover in Lincolnshire, or opeo sown in oxford_shire. Weather at seed harvest was wetter- than average in fS6g, *;r"g" in l9eS, anA dri; in
,?19:, Y_::l :fo , sgod quality^came from plant fopulationi orz_-:bO ooO pi";tr/h" ;;;lo eafly Juty. grven ample p and K fertitis€r T-tE "fdEg lnq 125_l50 kg/ha of N in the springof the s€cond year in Oxfordshire or 20G_250 kg/ha N in Lin;ilhir;: ffar"ating in Lrl-iSeptember yielded most s€ed. Methods us€d to glow multigerm ,".J pior"a suitab[ als; i;;monogerm seed but_the p€rceotage g€rmination was someti;es small. in different 

"rp".irr"ntr,Jnonoger-m aod multigerm crops yielded similar weights of seed anrt had simil;;;iil;;
harvest dates.

16.35 Wnrprn, c. H. (1971) C,ontrol of-Beet_ ka f Wner (pegomya rerae (Cut.)) by soil_applied pesticides. phnt pqthotosy 20,l*_rc6.
Damage to the leaves of sugar-b€et seedliogs in eastem Englaod by laryae of pegomya betae
!g;urt) rras preveoted or greatly decreased. by driling afi.rrU, bupont t+fOf mittromyf,
lM*p' .oI pirimiphos-methyl at rates in the- range 4l@ oz ".ii".* iieGazoa iA,"i i; ilh;furrow with the seed.

Soil Suney

BooKs
17-1 CLAYDEI, B. (t971) Soils of the Exeter district. Harpendeo: Rothamsted Experi-mental Station, x, 254 pp.

17.2 FuRNEss, R- R. (197f) Soils in Cheslirc I: Sheet SJ65 (Crcwe Wcsr). Ilarpenden:Rotbamsted Experimental Station, vii,99 pp.

17-3 HaRRoD, T._R. (1971) Soils in 
-Devon 

I: Sheet STIO (Honiton). Harpenden:Rothamsted Experimental Siation, viii, I50 pp.
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17.4 HoDGsoN, J. M. & PALMER, R. C. O97l). Soils in Herefordshire I: Sheet SO53
(Hercford South). Harpenden: Rothamsted Exp€rimeDtal Station, vi, 8l pp.

17 -S JoHNsoN, P. A. (1971) Soils in Derbyshire I: Sheet SK 17 (fideswell). Harpenden:
Rothamsted Experimental Station, viii, 100 pp.

17 -6 MarrHEws, B. (1971) Soils in Yorkshire I: Sheet SE 65 (York East). HarpeDden:
Rothamsted Experimental Station, vii, 128 pp-

17.7 RoBsoN, J. D. & cEoRcE, H. (1971) Soils in Nottinghamshire I:SheetSK 66 (Ollerton).
Harp€nden: Rothamsted Experimeotal Station, vi, 82 pp.

17.8 SruRDy, R. c. (1971) Soils in Essex I: Sheet TQ59 (Harold Hill). Harpenden:
Rothamsted Experimeotal Station, vi, 184 pp.

l7 -9 THoMAssoN, A. J. (1971) Soils of the Melton Mowbray district. Harp€nden: Roth-
amsted Experimental Station, vii, I I 8 pp,

17. l0 WHrrnELD, Vr'. A. D. (1971) Soils in Herefordshire II: Sheer SO 52 (Ross-on-Wye
West). Harpendeo: Rothamsted Experimental Station, vi, 55 pp.

Ttlxsrs
l7.ll Jol.rrs, R. J. A. (1971) Interactions of soil, climate, altitude, aspect and fertili$

treatment oD grass production in tho upper Don Basin, Aberdcenshire. ph.D. Thesis,
University of Aberd€en.

GEI\ERAL PAPERS

17.12 AvERy, B. W. (1970) Soil variability and soil survcying. Welsh Soils Discussiot
Group Report No. I l, 45-55 -

17.13 (BEcKErr, P. H. T.) & WEBsTER, R. (1971) Soil variabitty: a review. Soi/s azd
Fertilisers 34, l-15.

17.14 (BRDGFS, E. M.) & CLAvDEN, B. (1971) Pedology. ln: Swansea an.l its region.
British Association for the Advanccment ofscience.

17.15 CoRBsrr, W. M. (1971) Soil surveying in Norfolk and Suffolk. Geological Society
of Noto lk Bulletin No. 19, 2-31.

17.16 CouRTNEy, F. M. & SrArNFs, S. J. (1971) Soils io the Westman's Wood Forest Natur€
Rxrve. lournal of the Devon Trust for Nature Conservation, lO9-114.

17.17 MACKNEY, D. (1970) Porlzols in Lowland England. ttelsh Soils Discussion Group
Repott No. 11, &-87 .

17.18 RUDEToRTH, C. C. (1971) Early potato sofu in Pembrokeshire. ln:. turly potatoes
in Pembrokeshire. Ministry of Agriculture, Fisheries and Food, Agricultural Develop
ment and Advisory Service (D,6d Division).

PAPER trr RoruAMsrED REpoRT, PART 2

17. 19 AvERy, B. w', Bulmcx, P., C^Tr, J. A., NEWMAN, A. C. D., RAYNER, J. H. & WEuL
A. H. (1972\ The soils of Bamfield. Rotlurnsted Experirne al Statiol. Rcport fot
197 1 , Part 2, 5-37 .
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17.20 BuLLocK, P. (1971) The soils of the Malham Tam area. Field Studies 3' 381-408.

The soils are mainly in drift from local Silurian shales, Carboniferous Limestone, Yoredale
sandstones, shales and limestones and Millstone Grit, and only thin soils on Millstone Grit
pav€ment and on scre€ slop€s on limestone are probably residual. On Carboniferous Limestone,
ioil ty,pe is closely related to thickness of drift and plant cover. Rendzinas, eutrophic and meso-

trophic brown eartbs occur in thin drift where nutrient cycling by plants maintains the content
of Lases even with intense leaching. In thick drift, roots cannot reach the lirnestone and oligo-
trophic brown earths and peaty gteyed podzols develop beneath a calcifuge vegetation.

ihere is much peat above 480 m on drift from Yoredale rocks and Millstone Grit and here the
main soil types are peat, p€aty gley soils and peaty gleyed podzols.

17.21 (BURNHAM, C. P., CouRr, M. N.), JoNEs, R. J. A. & (TINSLEY, J.) (1970) Etrect ofsoil
parent material, elevation, asp€ct and fertiliser treatment on upland grass yields.

Jourtol of the British Grassland Society E,272-217.

GIaSs production was measured at 24 places in the Strathdon district of west Aberdeeoshire.
The mean total yields of DM from two cuts taken from uofertilised plots in 1967 and ftom three

cuts taken in 1968 were 3014 and 3864 kg/ha, respectively. Yields from soils on basic parent

material were 3H0% more than yietds from soils on more acidic material; and well-managed

swards yielded over 4O)( more than poorly managed ones. Aspect did not affect yields signi-

ficantly, nor did elevation within the range 2M4o m.
'Nitio-Chalk' applied at the rate of 75 kg N/ha in 1968 increased the DM yield bv an average

of 35/" bllt the effect of 75 kg PzO;/ha, applied as triple superphosphate, was oot siSnificant

ut th" io% level. The benefits from N declined, whereas thos€ from P tended to increase, with
elevation. there was no significant NP interaction, but the response from this treatment was

better than from N alone on sites with acidic parent material.
In 1968,,+6% ofthc total yield was obtained by the end ofJune and only l0% after the end

of August. Yield decliDed with eleYation in May-June, but itrcleased during July-August.

17.22 (BrrRRoucH, P. A., BECKETT, P. H. T.) & JARvIs, M. G., (1971) The telation between

cost and utility in soil survey (I- D. Jobmol of Soil Scie ce 2i2, 359 394-

The whole trial area of 120 kmz in Berkshire, in south-central England, was mapped in soil

series by free survey at I : 25 O0O for publication at I : 63 360. Thrc€ contrasting sample areas

of t.26 kmz were resurveyed to the same legend by free survey at I : l0 560, and by grid survey

at a range of scales between I : 20 000 and I : 70 000, to both general purpose (soil series) and

siDgleproperty legends. The direct costs of producing each map were recorded.

ihe;tudy confirmed how much the fre€ survey depended on extemal features of soil boun-
daries to locate them. The density ofsoil obs€rvations needed to map s€ries by free survey at the

same map scale iD different ground was proportional to the length of mapped boundary/km2,

or to thi number of separately mapped soil occurrences/km2. Density was least where soil

boundaries had the clearest extemal expression. Survey effon/km2 increased in proportion to the
density of observations but was also affected by local differences in the ease of cross-country
access, or in the effort necessary (by spade or auger) to identify soil at a point.

For soil s€ries grid surveys there are approximately linear relations betwe€n log (cost) and
log (map scale) with gradients between l'3 and l'7.

A map of soil series by grid survey is more expensive than a map of the same units, based on
the same density of obs€rvations by the same surveyor, by free survey. But a series map by
grid survey by a scientific assistant is cheaper than a s€ries rnap based on the same deDsity of
soil observations by free survey by a scientific omc€r (diplomate or gaduate). The cost of an

isolioe map of a single soil property depends very much on the cost of determining the property
mapped, aod to some exteot on the number of different isoline maps produced from a single
set of samples or obs€rvations. Even when costs of chemical analyses are small, an isoline map
of one chemical property costs nearly twice as much as a series map by grid survey.
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17.23 CARRoLL, D. M. & EvANs, R. (t971) The application of r€mote s€Dsiog methods to
soil mapping in England and Wales. Prcceedings of rhe Seventh International Synpo-
sium on Renote Sensing of Environment. Atu Arbor: University of Michigan.

The use of air photos for soil mapping in E[gland and Wales and currelt photo-interpretation
research in lowland arable and upland areas arc described. Experience with colour aerial
photography suggests that the additional benefits are small.

17 .24 C^rr, l. A., CoRBET a, W. M., HoDcE, C, A. H., Meocrrr, P. A., TATLER, W. & WER,
A. H. 097t) Loess in the soils of nonh Norfolk. Jomal of Soil Sciotce 22,444452.
(For summary see No. 3 .6.)

I 7 . 25 (cAUNr, c. D.), J^Rvrs, R. A. & MAT[rEws, B. (l 971 ) The late Weichselian sequence
in the Vale of York Proceedhgs of the Yorkshire Geologicql Society 3A,281-28/.

Three receot radiocarbon dates were us€d to give an outline chronology and correlation for a
sequence of late Weichselian and early Flandrian eovironments in the Vale of York.

17.26 PRTTCHAR-D, D. T. (1971) Aluminium distribution in soils in relation to surface area
aod cation exchange capacity. Geodermo 5,255159.

Surface area peaks in the B horizons of some acid soils were enhanced by peroxidation and
diminished by oxalate extraction, and corelated well with oxalate-€xtractable aluminium.
Cation exchange capacity of the oxalate soluble material depended on pH. The peaks were
teotatively attributed to amorphous aluminium oxide.

l7 -27 (THoREz,l.), BuLLocK, P., CATr, J. A. & Wrrn, A. H. (1971) The p€trography and
origin of deposits filling solution pipes in the Chalk near South Mimms, Hertfordshire.
Geological Magazine l0g 4l!-423.
(For summary s€e No. 3. I l.)

17.28 WEBsTER, R. (1971) Wilks's Criterioo: a measure for comparing the value of general
purpos€ soil classifications. Iournd of Soil Science Z:2,254-2(n.

Wilks's Criterion, the ratio of determioauts of within-class and total dispenioD matrices,
measures the relative goodness of a general purpose soil ctassificatioo, and can determine how
many clusteN are present in a population, and hen@ how many class€s can be recognised. The
first example compares three soil maps of the same area, at different scales, The s€cond shows
that only three cluste.s were recognised in a classification of a set of profiles.

17.29 WInTTELD, W. A. D. & (Funmv, P. A.) (1971) The relationship between soil patterns
and slope form in the Ettrick associatioD, south-east sEotlaod. Instilute of Btitish
Geogrophen Special PublicationNo. 3, 16117 5-

Four slope transects on the Ettrick association were divided into an upper (erosional) and lower
(depositional) zone by levelling surveys, field observation and statistical analysis of soil samples.
It was confirmed that a junction b€tween the two lay at or about the same point on the slope,
although the nature of the junctiotr varied considerably according to the slope profile, pH value
is directly related to angle of slope particularly in the upper slop€, aod that organic matter
expressed in terms of percentage organic carbon was iovenely related to it throughout the
trans€cts. Panicle-size distribution was weakly and variably related to slope, indicating litde
selective remoyal and deposition of mineral material.

MAPs

17.30 BuLLocK, P., HEATrrcorE, W, R., Cx,lusror, C.8., CRoMproN, A. & MATnDws, B.
0971) Soil Map, I : 25 000, Sheet SE 74 (Barmby Moor), Southampton: Ordnance
Survey.
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17.31 CL YDEN,8., HARRoD, T. R., & MANLEY, D. J. R. (1972) Soil Map,3rd Editioo Sheet
325/339 (Exeter & NeMon AbboD, I : 63 360, Southampton: Ordnancc Survey.

17.32 CoRBErr, W. M. & T^rLER, W. (t971) Soil Map, I :25000, Sheet TG l3l14 (Barring-
ham & Sheringham), Southampton: Ordnance Survey.

17.33 FuRNTss, R. R. (1971) Soil Map, I : 25 000, Sheet SJ 65 (Crewe West), SouthamptoD:
Ordnanoe Suwey.

17.34 IIARRoD, T. R. & SrArNns, S. J. (1971) Soil Map, I : 25 000, Sheet ST l0 (Honiton),
Southampton : Ordnance Survey.

17.35 HARRoD, T. R. & SrAtr{Es, S. J. (1971) Land Use Capability Map, I :25000, Sh€€t
ST l0 (Honiton), Southampton: OrdnaDce Survey.

17.36 HoDGsoN, J. M. & PALr,cR, R. C. (1971) Soil Map, I : 25 00O, Sheet SO 53 (Hereford),
Southampton : Ordnance Survey.

17.37 JARvrs, M. G. & JARvrs, R. A. (1971) Soil Map, 3rd Edition Sheet 253 (Abiogdon),
I : 63 360, Southampton: Ordnance Survey.

17.38 JARVB, R. A. (1971) Soil Map, I : 25 000, Sh€et sE 60 (Armthorpe), Southampton:
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