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ROTHAMSTED REPORT FOR 1970, PART I

Physics Department

l.l
TrEsrs

SzEIcz, G. (1970) Spectral composition of solar radiation and its penetration in crop
canopies. Ph.D. Thesis, University of Reading.

GENERAL PAPERS

PENMAN, H. L. (1970) The water cycle. [Contribution to special number on rhe Bi,)-
spl]a,re.l Scient. Am. 223, 99-108.

PENMAN, H. L. (1971) Summary paper and introductioo to 6nal discussioD of I.H.D.
Symposium on 'World water balance' (Reading, England, July 1970). Bull. int. As'-
scienl. Eydtol. (chent). (Io the pr€ss.)

PENMAN, H. L. (1970) Weather 1969. Trans. Eertt. nat. Hist. Soc. Fkl Club tt.

PAPER rN Ro,rrAMstED REpoRT, PART 2

1.5 PENMAN, H. L. (1971) Irrigation at Woburn. VII. Rep. Rotharnsted exp. Stn far
1970, Part 2, 147-170.

In a review of the results of 19 years of exporiment, 195l-69, there is a (6rst) detailed analysis
of the results for a grass/clover mixture, l95l-53, previously thought not ameoable to sucjr
trEatment b€cause of the variable composition of the sward. The results conform to later €xper-
ience with pure leys (grasses or legumes) and reveal what occurred several times for grass and
other crops : at some stagc in the drying of soil, plants become too dormant to be able to respon{l
to raiD, and a s€condary benefit from irrigation is that it prevents this, and the crop is able to
make fuII use of raio.

The climatological expectation of frequency of irrigation need at Wobum was seven yean irr
len, but over the p€riod it occured ody ten times in 19 years. Even so, in 13 years at least oni,
crop gave more than 2Ol irluaf€ in yield, in l0 yean at least oDe crop gave more than 50 2;
increase, and in five years at least one crop yield was doubled.

RTSEARCH PAPERS

1.6 BRowN, N. J. 0970) The influeDce of cultivations on soil properties. l. Proc- Insh,
agric. Engrs 25, 112-114.

Experim€nts that rely only on final crop yield to evaluate cultivation operations have not showD
reasons for cultivating soil, other than weed cootrol. However, even with efrcient herbicides,
soil compaction from traffc is inevitable and mechanical loos€ning may well b€ necessary.

A th€oretical knowle.dge of the mechanisms by which idealised soil physical systems functiot
is of no immediate help to the farmer, and the s€mi-empirical approach of describing gross
soil propertics has not been rewarding.

A method is discussed of characterising soil coDditions by measuring the variations that ocrur
in the Intensity, Capacity and Rate functions of four soil physical factors : Soil Water, Soil Air,
Soil Tempcrature and Mechanical Imp€dance to Roots and Shoots. These four factors have
a direct influence on crop performance, and within the limits ofexisting knowledge, their response
to cultivations is discussed withiu.

1.1 CURRE, J. A. & FE,STENSTEII.I, G. N. (1971) Factors definining spontaneous heating
and ignition of hay. J. Sci. Fd Agric.12. (In the press.)

Jhe w11q in which heat balauce, watq balance and aeration itrreract io rlf-heating of hay
beyond 70'C were examined in the laboratory. A temperature controlled environment isissentiaj
for the temperature of small hay samples to exceed 70.C ; the rate air flows through the apparatus
must b€ slower than that required b€low 70.C to restrict loss of lateDt heat cau;d bv increased
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ABSTRACTS OF PAPERS

water transfer; otherwise air at the same relative humidity as the hay must be used. Some water
is €ss€ntial for hay to self-heat beyond 70'C, but self ignition occurs only when most of the water
has been lost at or near 100"C. Theoretical coDsideratioN show that the latent heat transfer
exceeds the thermal coDductivity of hay above 20'C, increas€s by one order of magnitude by
65"C, two by 95'C and infinitely by 100'C.

I.E LAKq ,. v., (PosrErHwArrE, f. D. & Sr-r.cx, G.) (1969) Transpiration of Eelxine
$o,t'elo/r'i and the effect of drought. t- appl- Ecol. 6, n7J9l.

Two experiments are describ€d in which the influence of withholding irrigation upon transpira-
tion was inv€stigated, using a contiluous cover of a herbaceous pere,nial, Helxine solierolii.
The results are interpreted as showing that the resistanca to water transport b€tween the near-
surface soil layers and the transpiring leaves was negligible when the daily transpiration rate of
irrigated plaots was in the range 0-4 mm. For plants well supplied with water, the stomatal
resistalc€ to watcr vapour tiansport was not negligible. Changes in the kanspiration rate of
plaDts in drying soil, relative to that of irrigated ones, were att buted to changes in the water
vapour conductatrce of the stomata resulting from chauges il soil water potential, these two
factors being linearly related over a range of potentials from -1 bar to less than -20 bars.
Published results for cotton and saltbush, with daily transpiration rates in the range 0-12 mm,
were shown to lead to similar cooclusions.

1.9 LAKE, I. V. & (SLATYER, R. O.) (1970). Respiration of leaves during photoslrthesis:
m. Respiration rate and mesophyll resistanc€ in tugid cotton leaves, with stomatal
control eliminated. Aust- l- biol. Sci-/3, 529-535-

Mixtures of carbon dioxide fu air, nitrogen, or I % oxygen in nitrogen, prepared beforehand in
plastic ballooDs, wer€ passed through illuminated cotton leaves io a laboratory leaf chamber,
This procedure enabled much more accuate calculation of interc.ellular carbon dioxide concen-
tration than conventioDal gias flow techniques. It also made it possible to calculate leaf tempera-
ture from a measurement of the vapour pressure of the air leaving the chamber. From the
measured flow rates and chang€s in the carbon dioxide concentration of the gas mixtues, the
relation betwe€n the net rate of carbon dioxide exchange and the intercellular carbon dioxide
mncentration was calculated.

It was inferred from the results that in bright liglt at 27'C the basal rate of respiratory carbon
dioxide production during photosynthesis in air was at least 16.3 ng crn-2 s r, with additional
r€spiratory production takiDg place at a rate equivalent to 38% of the rate of photosynthetic
fixation.

The liquid phase resistance to carbon dioxide transport within the mesophyll cells was
3.0 s cm-l; this compares with a value of 4'8 s crn-1 which would have been inferred if respira-
tion had not been allowed for.

Llo MolrrErrlr, J. L. & BULL, T. A. (1970) A diffusive resistance porometer for field use.
rI. Theory, calibration and performance. J- appl. Eco|.7,623-438.

The theory of the porometer (see 1.12) is considercd in terms of static and dynamic response,
the time of response, and the effect of temperature and temperatue differeoce on response.
Examples of field performance -on field beans-are given to show the good degree of repro-
ducibility of readings, and some featues of stomatal changes during a day, the variation of
stomatal resistance with height in the canopy, and its seasonal changes.

l.l1 PARKtrrsoN, K. J. C97l) Carbon dioxide infra-red gas aRalysis: Effects of wate.
Yaponr. .r. exp. Bot-t2- 169-176.

Theory shows that it is nearly always Decessary 1o corr€ct carbon dioxide infra-red gas analyses
for the preseoce of water vapour. The necessary corrections are derived for both an analyser
fitted with selective filters and whero the air is dried for use in leaf-chamber experiments, and
also for measurements of absolute carbon dioxide concrntrations and determinations of field
profiles. The magnitudes of the corroctions are determined for typical examples.
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l.l2 Srn Es, w. (1970) A diffusive resistance porometer for field us€. L Constructi(,n.
l- appl- Ecol.7, 617-622-

Details are given of the construction of a porometer to measurc the stomatal resistance of kaf
surfaces. Tho pri[ciple is the same as that used by van Bavel: water vapour from inside the leaf
is allowed to diffuse into an initially dry cup clipped on to the leaf, aod, after calibration, the
surface resistance is estimated from the rate of increase of humidity in the cup. The humidily-
s€nsing element is sulphonated polystyrene, and the possible wide variety in size gives latitu,Je
in the choice of cup dimensions and henc€ in the range of leaf sizes on which the equipmeot can
be us€d.

Chemistry Department

TIfiSIs

2.1 STVASUBRAMAN'rAM, S. (1970) The role of aluminium ions in: I. The releas€ of potassiu:n
from mineral soils, its modification by soil organic matter, and II. Its effect on the
nutrient compositio0 of lea (Camellia Sr,lenflJ). Ph.D. Thesis, University of LoDdo:1.

2.5

2.6

GENERAL PAPERS

BENZTAN, B. (1970) Nutrition of young conifers and soil fumigation. In: .Roo, dr:reat r.t

and soil-borne pathogens (Part Proceedfus of the lst Intemational Congress of Plort
Pathology, Iondon, 1968) Ed. T. A. Toussoun, et al. krkeley and Los Angelex;;
University of Califomia Pras, pp. 222-225.

BENZTAN, B. & FRTEMAN, S. C. R. (1970) Nursery and forest ext€nsion experim€nts io
tree nutrition. Copper deficieDcy in conif€r seedlings. Nitrogen concentrations in conif€r
transplants and subs€quent gxowth in the forest. Rep. Forcsl Res., Innd., l970,pp.168-
170.

C-ooKE, G. W. (1969) Eflects of cropping systems on soil productivity. Repott af
25th Ordinary Meering, Cenlral Associarion of Agriculrural Valuers, pp. 33-4.

CooKE, G. W. (1970) Using chemicals to increase soil productiity. ln: New horizon.c

for chemislry and indusrry in the 19 s. (Proceedings of Synposium at laicasler, tuL,
1969) l-andoni Society of Chemical Industry, pp. 45-54.

CooKE, G. W. (1970) The carrying capacity of the land in the year 2000. In: 7[e
optimum population fot Bitai . (Institute of Biolog]. Symposium No. 19) Ed. L. R
Taylor. London and New York: Academic Pr€ss, pp. 15-42.

CooKE, G. W. (1970) Soils and fertilisers. J/.R. agric. Soc.13l, 107-12E.

CooKx, G. W. (1970) Soil holds many answers to crop problems. Fnsteru Dail,
Press Supplement, May 5, 1970, ft tr.

CooKE, G. W. (1970) Fertilize$. Encyclopaedia Am*icano.

Coore, G. W. (1970) Sir ,ohn B€nnet I-awe6. Encyclopocdia Am*icaa, Yol. 17 .

2.7

2.8

2.9

2.t0

2.ll CooKE, G. W. & wrlrlr'ts, R. J. B. 0970) I-osses of nitrogen and phosphorus from
agricultual land. Watet fiealrrgnt and exdmination, 19, 253-276.

2.12 cAssER, J. K. R. (1969) Available soil nitrogen-its measurement, and some factors
affecting its correlation with crop performance. Rep. Welsh Soils Discussion Group
No. lO 76-9.
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2.13 GRAHAM-BRYCE, I. J. & BRrGGs, G. G. (1970) Pollution of soils' R'LC' 'Rev' 3'

87-104.

2.14 WrDDowsoN, F. V. O97l) Manuring potat(r.5'' Shells'ar Agricultural Handbook-

Potstoes.

PAPERS IN ROTHAMSTED REPORT, PART 2

2.15 BoLToN, J. (1971) Long-term liming experimeots at Rothamsted and Woburn 'Rep'

Rothamsted exP. Stt lor 1970, Part 2' 9Lll2'
This DaDer sives the results of two liming experiments started in 1962 and cropped with beans

(3;;;i, ;pil;6;l"ilii."ol una potuloes. eflectt of.cumulative superphosphate and potas-

iiurn cruoriOe aresslngs oo the crops at each level of liming are descnbed'

2.16 w[LtAr,{s, R. J. B. (1971) Relatiomhips between the composition of soils and physical

-*"u."."ott made on ihe-. Rep. iothamsted exp' Sln Iot 1970' Part 2' 5-35'

Mechauical compositions, organic matter contents and histories of 189 soils' mostly British'

;;; ret"A to Lurt aensities, water-holding capacity, instabilities to slaking bv water or

mectranical pressu.e, aDd to breaking strengths of soit cylinders formed by pressure

2.17 WLuAMs, R. J. B. (1971) The chemical composition of waier from land drains at

s"*mu"airo. and wobum, and the influence of rainfall upon nutrient losses' R"y''

Rothansted erp. Stn for 1970, Pa'fi 2' 36-'61 .

The concentrations of K, Ca, Mg, Na, NHcN, NOs'N, POr-P, SOa-S aod Cl in samples of

i."i."dil- a";*dh; ano *obum rarms taken during two years are related to weather'

a*it"il iio*t 
"na 

ettiliser dressines. Nutrients in wat€r on the surface of land' in a pond at

Saxmr-irlham, and in a stream and a lake at Wobum w€re also measured'

2.18 WILIJAMS, R. J. B. & CooKE, G. W. (1971) Results of the Rotation I Experiment at

Saxmmdham, lgffig. Rep. Rothamsted exp. Stn fot 1970' Patt 2,68-97 '

Yields, and nutrieots removed by crops for 6 years, are recorded' The. classical manuring was

*"itfrirJ"" f.tiptots for 1964 and li65 and then on sma[ sub-plots. A new manuring scheme

i"ti"a-,r*a 
"" 

tfr" i"ain plots in 1966 is described and results given' The balance b€tween nutrients

"ppil"a 
ir-f"rtiri* and removed in crops is rclated to changes in the chemical compositions of

the soils.

RTSEARCH PAPERS

z.tg AD scorr, T. M. 0970) A note on resolving soil cation exchange capacity inlo
'mineral' and 'organiC fractions. J, agric, Sci., Camb- 75,365-367 '

.Mineral' and .organic fractions of soil cation exchange capacity (cEc) were resolved. 'Mineral

+ oiganid CEC-was measrued by replacing Ba with Mg and qH 8.1- a1d determining loss of
Mg iiom solution; 'mineral' CEi was measured by replacing ca with K at th€ same pH and

deiermining the loss of K from the solution. The difference between the two measurements

(i.e. the 'oraniC CEC) was rclated to p€rcentagp of orgadc C in some Rothamsted and woburn
arable soili the relationship was good (r' : 0'90) and the mean value of the cEC of oryadc
matter in these soils was 23O me/100 g of organic matter.

2.m ADDIscorr, T. M. (1970) Potassium : catcium exchange in soils of the Broadbalk
experiment at Rothamsted. J. agtic. Sci., Canb. 75, 451457.

soils from Broadbalk field were used to find whether differences in K-manuring had altered

K : Ca exchange relatiotrships during loo years qopping with wheat, by measuriog cation
exchange capacities and quantity/iDtensity (Q[) relationships.

CatiJn eichanep capacilies (cECs) were measured with and without the contribution of the

soil organic matter and the following mainly non-significant trends aros€ during l0o years;
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(l).the CECs,of plots given K fertilis€r ircreased slightly when the organic contribution iri

iTI9:1d decreaqed stighrty when ir is not; tZl tre 6ri of ifre pioi gven farmyara muour,:
rDcreas€d greafly when the organic conkibution is iocluded and decreased slightly wieo it is not;(3) the cEc ofrhe denilised plots increard verv slighttv, ;heth; Linit ttre oiganic cootriuuition is included.

-^,T1T 
b$"j-*l"city. the stop€ of the O/ curve when the soil neither gains nor loses K, waireratec to the K saturation of the CEC better when the organic coDtribution was omitted ironrthe cEC than wheD it was included, suggesting tf,"t X iC" 

"*"i-!"'-ea",rrea by the ellcurv€s occurs mainly on the non-organic part ofihe CEC. Two soils dipleted of K had anoria.
rously ra.rge bufler capacities, but two undepleted samples behaved similarly.
.,ly-ryrlm9osins O/I curv€s by eye showed 

"o 
uppri.iuUfe Jif"re""r, Ltween samples fronr

il::l: y?Is or from different plots, even at large activity rarios. plottiog exchanieable i-
agarnst 10, the activity ratio when the soil neither gains nor loses K, gave a singG curve eirbracinl3all plots from a-ll years, similar to the superiripose d OtI c:LL.v;. f_ong_t".- manuring with
ammonium sulphate has not affected K-Ca exchaDge.

2.21 ADDrscoTr, T. M. & MrrcHEr.L, J. D. D. (1970) potassium uptake by potatoes. J.
agric. Sci., Camb.74, 4915@.

11,:'t9"" 
(r".. Pertland Dell) wg.e_ q9*1 i! pots conraining soils from the Rothamsted loy_

arable expenments. Whetr about half the initially available K was us€d, the tops were harvestal
and the potential limiting K uptake, inferred irom K uptakes *^ -iiSO&V"C. The planls
grew on until they exhausted the available K and died, iraving set tub€rs. The potentiai then
limiting K uptake, inferred from total K uptakes, was -+em "j7.q., 

,i^itar ro th; mean poten-
tial in the exhausted soils, -4710 + 6l c;Veq. The significance oi these measurements is dis_
cussed.

Total K uptake was closely related to the amount ofra that had to b€ removed from each so I
to lower_the poteltiat-to -4900 cal/eq. and the relationship suggested that the potatocs did nct
use any I( from iaitially noD-available res€rves.

Dry-matter yields of tubers and tops + roots, and the ratio of the two, were well related t,)quantity and potential of K in the soil; tuber yield was also well related to K in tops. The Ii.potential needed for maximum yield of tubers exceeded _243O c,allq.

2.22 ryt-!, J. & BENaAN, B. (1970) Sulphur as a nutrient for Sirka spruce (picea sit
clerrrs) seedlings and radish (Raphanus r4riyrc) grown on a sandy podzol in Englancl.
I. agric. Sci-, Camb.74, 5Ol-5M.

Experiments with Sitka spruce (Picea sitcheflsis) seedlings grown on an acid saqdy podzol ,,t
Wareham,. Do$et,-showed that sulphur fertilisers improved ihe colour but not the hiight of the
crop and increased sulphur conentrations in the needles above those considered b/tngestad
(1962)^to-indicate snlphur deficiency for Norway spruo- (picea obies). Spruce seedlings oriother
soils (oxford aod woburn) contained more sulphur than at wareham.'Sulphur conLntratior.s
in most traqsplants of both specics were less when $free basal fertilisers wire used,

Experiments with radish (Rophaltus satiyus) confumed that Wareham soil is poor in availab.e
sulplur. Increased yields were obtained from elemental sulphur applied during the springs of
1968 and 1969, but not during the summers, when more sulphur may ltave boen mineralised io tte
warmer soil. Wareham is in an area with less sulphur in the rain and atmosphere than moit
other parts of Eugland.

2.23 BRoMTELD, A. R. (1969) Uptake ofphosphorus and other nutrients by maize iE W€stern
Nigetia. Erpl Agtic. 5, gl-lm.

Uptak€ of the major Dutrients by maize was determined throughout the growing sason. Little
plo:ph9"I was accumulated, as reflected in its distribution wittrin the ilants,-Uut uptake .)f
labelled phosphorus showed two distincr peaks associated with root development. One-fifrh
of the applied phosphorus was recovered by the plants.
300
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2.A Cumn, M. & GAssER, J. K. R. (1970) Effects of SreeD manuring, farmyard manue,
atrd straw on the organic matter of soil and of green manuring on available nitrogen.
J. Soil Sci- 21, 127-137.

In an exp€riment on green manuring started at Wobum in 1936, farmyard manure (FYM)
was applied in altertrate years until 1954 and straw similarly from then until 1963. Various green

manures were grown from 1936 to 1953. From 1954 to 1963 ryegrass and kefoil were grown
either each year or in altemate years; in 1964 and 1965 they were gown each year.

After annual cropping without organic manuring the organic-C and total-N decreased from
0.86% and 0.091 % respoctively in 1936 to 0 76% and 0-082% in 1966. Ploughing in straw alone
approximately halved the loss. FYM and green manures both maintained the o ginal percen-

tages of soil C and N. The effect of FYM and straw applied togpther was approximately the sum
of the effects of FYM and straw applied separately.

Of the gxeen rnanures ploughed in, trefoil returDed the most nihogen to the soil.
Trefoil increas€d and ryegrass decreased the mineralisable-N in the soil,

2.25 EI.SIGR!, G. T. & RAwsoN, R. A. G. (1970) A simple vacuum-gauge scale expander.
J. Phys. E: Sci. I sttum. 3, 1013-1014.

A Wheatstone bridge circuit is described that greatly expands any part of a coDventional vacuum
gauge scale. Used with an Edwards 'Pirani-type' EBuge (raDge 0 1 m torr to 1 tor), the range
18-22 m torr, covering 0'5 cm of the Pirani scale, was expanded linearly to 16 cm.

2.26 Gssrn, J. K. R. 0970) The decomposition of crotonylidene di-urea in soil and the
recovery of nitrogen by ryegrass. l- agric. Sci-, Canb.74, lo7-llo.

Crotonylidene di-ur€ (CD-urea) in a sandyJoam aod two clay-loam soils decomposed slowly
at 7"C, and from 8 to 15 fr was recovered as mineral-N after 24 weeks. At 25"C, it decomposed
faster in the sandyJoam than the clay-loam soils; with 10O ppm N, a maximum of 86% was
recovered after 16 weeks, and 80% of lmO ppm N after 24 weeks. Recovery after 24 weeks
ranged from 30 to 60% in the ctay loarns.

Ryegrass growtr in pots produced more extra dry matter, containing more N, during 16 weeks
when given ammonium sulphate than it did during 50 weeks with CD-urea.

2.27 HAMLYN, F. G. & GAssER, J. K- R. (1970) Some causes of error in determination of
total nitrogen in plant material. Chemy Ind.1142-1143.

Dried samples of nine plant materials grouod to pass a ,.0 mm screen were sieved successively
through a No, 16, 30 and 60 mesh sieve and the fractions weighed and analysed for N by a
macroKjeldahl method. 'Stalky' crops, kale, clover, hay aod young grass contained more
coarse material thau sugar b€et tops, the grai$ of barley, oats or maize, and Sitka spruce
seedlings. The coarsest fraction of all plant materials had least percentage N. The change between
the other fractioos varied with the crop.

Suusamples of the I mm material were ground to pass a 0.25 mm sieve aqd percentage N
io normally and finely ground materials was determined in lmmg samples by an automatic
Dumas method and by a micro-Kjeldahl method with 50 mg samples. All mean values deter-
mined by Kjeldahl method were less than thos€ by Dumas and the geneml means differed
significantly. GriDding samples more finely improved precisio[ more with the Dumas than with
the micro-Kjeldahl method.

2.28 HErN"rzE, S. G. (1968) Manganese-phosphate reactions in aqueous systems ard the
effects of applicatioDs of monocalcium phosphate, on the availability of mangauese to
oats in an alkaline fen soil. P/. SorI 2lt, &7-423.

Electrometric titrations and chemical analyses of aqueous s,stems containing manganes€
sulphate aDd phosphoric acid showed that the compositions of manganes€ phosphates formed
at various pH values depended on initial maoganese concentratioos and Mn : P molar ratios.
The results show how phosphate benefits crops on soils containing toxic amomts of manganese.

A pot exp€rimcnt measued the effects of monocalcium phosphate, with or without extra

30t
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manganese, on the availability to oats of manganes€ in an alkaline manganese-deficient so I.
On such a soil, phosphate equivalent to 750 or t 500 lb of superphosphate per acre is unlikely 1 o
enhance manganese availability; such dressings may lessen grain yields considerably.

Neutral and alkaline manganes€-deficient fetr soils were incubated with monocalcium-phos-
phate with and without added manganese salts. The phosphate fuessings had only small effects
on soil pH and on exchangeable and readily reducible manganes€.

2.29 (ISLAM, A.) & BoLroN, ,. (1970) Etrects of pH on potassium inteDsity and releas€ of
non-exchangeable potassium lo ryegrass. J. agric. Sci., Camb.75,571-576.

More non+xchangeable K was removed by ryegass from unlimed than limed soils but diff€r-
ences htween pH 5.5 and 7.0 were small. Air-drying the soils after cropping r€leas€d further
exchangeable K in amounts indepeDdent of soit pH.

Potassium activity ratios after each cut declined to small coostant values characteristic of the
soils. After a few crops, the sandy soil (Woburn) released K faster than the soil with more clEJ
(Sawyers) although initially it contained less exchangeable K.

2.3O MATrNGLY, G. E. G. (1970) Residual value of basic slag, Gafsa rock phosphate ard
supcrphosphate in a sandy podzol. t. agric. Sci,, Canb.7S, 4l3_4.l8.

Surface soils (0-15 cm) from a field cxperiment on a sandy podzol were use.d to evaluate the
residues from basic slag, Gafsa rock phosphate and su!,€rphosphate (using ryegass in pots),
and to measur€ the solubility aod buffer capacity during cropping, and the distribution of the
residual phosphate in different particle-size fractions of the soil.

After applying P at about 3.6 g P/mr/year for 6 years, residues ofthe three P fenilis€rs werc
equivalent but after applying more P (9-l t g P/mr/year) for a further 8 years, basic slag and ro(k
phosphate gave larger labile P values, were more effective for ryegrass and buffered soils more
than residues of superphosphate. The percentage recoveries of P from the surface soils wer.e
approximately 7, 40 and 65 % of the total applied in 8 years as sup€rphosphate, basic slag and
rock phosphate resp€ctively.

Residues from basic slag (mainly 75-20 pm particles) accumulated in the <20 pm fracticn
of the soil. Rock phosphate (mainly 20G-20 pm particles) dissolved more slowly and about
one-half of the material >20 pm remained in the sand fractions of the soil.

Residues from rock phosphate maintained valu€s of +pca * pHzPOn aDd pH - rp(h
consistent with the solubility offluorapatite, even when P was removed from the soil by exhaustive
cropping with ryegass. Residues from basic slag were more soluble than hydroxyapatite.

2.31 MrrcHELL, J. D. D. (1970) Yields of, and N uptakes by, some grass spocies ard
varieties under different glasshouse conditions. J. agric. Sci., Canb.75,36l-363.

The amount of dry matter produc€d aod N taken up by seven grass sp€cies and varieties grosn
in a glasshous€ were compared with prerennial ryegrass (S.23) and Italian ryegrass (S.22) :rt
different daylengths and light intensities.

The ryegrasses Westerwolds, Itdian (S.22) and Perennial (5.321) yietded more than S.2r.
At the smallest light inteDsities, Westerwolds, Italian (S.22) and Perennial (S.24) (3.321) rys-
grasses and Meadow fes€uo (5.215) took up more N than S.23. Westerwolds and Percooid
(S.24) (3.321) ryegnssos should be useful altematives to the S.23 or S.22 strains as test crops
in nutrient experiments in the glasshouse, especially when grown in the dim light during winter.

2.32 SpRATr, E. D. & GAssER, J. K. R. (1970) The effect of ammonium sulphate treatcd
with a nitrification inhibitor, and calcium nitrate, on gowth and N-uptake of spring
wheat, ryegrass and kzle. J. agric- Sci., Camb.74, lll-117 -

Wheat, ryegrass and kale were grown with ammonium sutphate (treated with a nitrification
inhibitor) or calcium nitrate supplying 50 and 1001b N/acre, and without fertiliser-N. PlaDls
were sampled at various stages, dry weights me3suled, p€rcentagp N determined and N uptakes
calqrlated.
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Initially wheat and ryegrass grew btter and took up morE N from ammonium fertiliser than

from nitrate. Final yields of dry matter did not differ between forms. Kal€ producfd more dry
matter with calcium nitrate than with ammonium sulphate. All crops produced mole drj. mattel
with fertiliser-N than without. Fertilised crops contained gxeatest weights of N 109 days after
sowing, when wheat and ryegrass had more with ammonium than with nitrate and kale had

bss. de 50 lb N/acre as calcium nitrate produced the most wh€t gain/lb of fertilis€r-N'
During the pedod when gowth and N uptake were fastest, wheat grew faster with ammonium

than with nitrate, ryegrass grew similarly with both forms, and kale faster with nitrate; wheat

and ryegrass took up N faster from ammonium sulphate and kale from calcium nitrate'
tvtature wtreat recovered 58% of the fertilis€r-N from calcium nitrate and 43)( from am-

mooium sulphate. After 2l weeks of growth, kale lecovered more N from calcium nitrate
(50%) than irom ammonium sulphate (24%), whereas grass recovered about &fuftom each.

2.33 SpRA'r-r, E. D. & GAssER, J. K. R. (1970) The effects of fertiliser-N and water supply

on distribution of dry matter and N between the different parts of wheat. Caa. t' Pl'
Scr.50,613-625.

Wheat in pots and in the field were subjected to different watering regimes and fertiliser-N
either as ammonium-N with a nitrification inhibitor or as nitrate-N, applied at sowiog or during
growth.

More leaves and stems were produced during early gowth with ammonium than with nitrate-
N, but the two forms gave similar yields of grain. The grain ; straw ratio with ammonium-N
was smaller than with nitrate-N and more N was retained in the straw. F-ach form increas€d the

weight per spike but oot the number of spikes per unit area (titlering).
,a.pplied ai the 'boot' stage of growth, N increased dry matter much less than when applied at

sowing; but increased 7"N in the gxain. Divided dressings, half at sowing and half during growth,

increased yield and N uptake by the same amount as applying all the N at sowing.

Droughi during spike formation or floret development led to smaller spikes and yields of
grain; aiso a smaller grain : straw ratio, and up to three-quarters of the extra N taken up from
fertiliser-N remained in the straw.

2-34 SpRAfi, E. D. & GAssER, J. K. R. (1970) The effect of ammoDium and oitrate forrns of
N and restricted water supply on gxowth and N uptake of wheat. Can. ,1. SotT Sci' 50,

263-2'13.

Wheat was grown with fertilis€r-N, either as ammonium sulphate (trealed with a nitrification
inhibitor) or as calcium nitrate, aDd without fertiliser-N and with various water treatments,
both i.n the field and in pots io the glasshous€. With adequate water, wheat produced the most

dry matter (and grain) containing the most N when supplied with nitrate; when shortage of
waler limited growth, ammonium-N was as good, or b€tter, than nitrate-N for increasing dry
matter production and N uptake. From stem extension to flowering, the leaves and stems con'
tained twice as much NOr-N when given nitrate-N as when given ammonium-N.

2.35 VaroyeNeuuN, L. V. & TALTBUDEEN, O. (1970) Rate processes in the desorptiol of
phosphate from soils by ion-exchange resins. I. Soil Sci.2l, I'13-183.

Phosphate extracted by ion-€xchangp resins in the chloride and sodium forms from a deep river-
gravel soil under widely varying conditions is always from the isotopically exchangeable or
'labile' pool, At any reaction time, a constant fraction of this pool is desorbed by the chloride
form of the anion-exchango resin alone, irrespective of tbe pH aDd phosphatc manuring of the
soil. However, when a sodium : cation exchange lesin is included, increasing fractions of the

'labile pool' are desorH with d€crqsing soil acidity.
Phosphate desorption by the anion€xchange resin alone and with the cation exchatrge resin

is shown to be 'particle-diffusioD' controlled in the anion exchange resin and neither a 'chemical
reaction' nor a 'filmdiffusion' mechanism. Over the pH range 4'5-8'5, Yalues between 4'8 and
0.9 x l0-e cm2 sec-1 were calculated for the inter-difrusion co€mcient of the phosphate:
chloride exchangE process in the resin.
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The isotopically exchaDgeable phosphate in the soils seems to behave as sparingly soluble or
weakly dissociating compounds towards ion-exchange resins and its rate of desorption dependr,
on the nature and composition of the resins.

2.36 WEBBER, M. D. & MATrINGLY, G. E. c. (1970) Inorganic soil phosphorus. I. Changur
in monocalcium phosphate potentials on cropping. J. Soi! Sci.2l,lll_l2D.

Sixteen soils and four soil preparatious were cropped exhauslively with ryegass in the glass-
house and monocalcium phosphate potentials (lpca + pHzPOr:.I) measured after each o.i
six consecutive harvests. The amounts of phosphorus (Q) removed from the soils by ryegrasr
accounted fot 95-'l-96.6'A of the variance in I for three soils and two soil preparationlr
(P< 0'ml), for 88.4-93.7 )( of the variance for six soils and two soil prepa.ationr,
(0.001 < P < 0.01), for 71.6-32.6% of the variance for three soils (O.Ol < p < 0.05) and for.
insigtrificant amounts ofthe variaoce for four soils. Values of A4AO ranged from 7 x 10-a tcr
431 x l0 4lpca + pHzPOa/ppm P removed from soil.

A4AO tetrded to decrease (i,e, the soils were more buffered) with increasing clay contents and
with iocreasing amounts of NaHco3-soluble P and to increase (i.e. the soils were less bufferedl
v,/ith increasing amounts of CaCOa. Differences in organic Cdid not significantly affect AI/AO.
The following equatioo accounts for 8l % of the variance in LIILe for all soils exc€pt those
in equilibrium with octacalcium phosphate:

A4AO x (104): 225'9 - 4.11 (y. clay) + 8.01 (% CaCOs)

- 1.38 (ppm NaHcOs-soluble P).

2.3'l Wmaen, M. D. & MATrrNcLy, G. E. c. (1970) Inorganic soil phosphorus. II. Chaageri
in monocalciurn phosphate and lime potentials on mixing and liming soils. ,. Soi,
Sci- 21, 121-126-

Mixtures of Wobum (non-calcareous) aDd Barnfield (calcareous) soils, with and without added
monocalcium phosphate, and of Woburn soil with added CaCO3, were storcd moist in an
incubator at 25 + 2'C- Equilibrium phosphate concentrations in 0.01M CaClz and pH werc
measured on moist soils and mooocalcium phosphate (+pca * pHspOr) and lime (pH - lpca)
potentials were calculated at intervals up to 670 days. Most of the mixtures remained under.
satumted with resp€ct to CaCOa; values of *pca { pHzPOr and pH - }pCa changed during
storage but remained close to the solubility isotherm for octacalcium phosphate (OCp). Mixturet
which reached equilibrium with CaCOr remain€d undersaturated with respect to OCP.

2.38 WDDorsoN, F.V. & PElrNy, A. (1970) The effects of three crops and of the N fertilise.
giyen to them on the yield of following barley. J. agric. Sci., Canb. 74, 5ll-522.

In 1964 spring wheat and kale each were grown with 0.0, 0.5, 1.0 or 1.5 cwt N/aqe. In l96i
barley measured residues. Without N and with 0.33 cwt N/acre the barley yielded more after
wheat than aftel kale, but, with 0.66 or 1.0 cwt N/acre, more after kale. The residues of the lI
given for the wheat and kale increased barley yields.

Itr 1965 spring wheat, kale and Italian ryegrass each were grown with 0-0, 1.0 or 2.0 cwt N/
acre. In 1966 and 1967 barley tested 0.0, 0.5 or 1.0 cwt N/acre in all combinations with previous
treatments. In 1966 yields were largest after kale and smallest after ryegrass. Differences fronr
the three crops were diminished by the N applied for them, and these N r€sidues consisteBtl:/
iocreas€d yields. N given to the barley geatly increased yields, most after ryegrass and least
after kale, and equally with or without fertiliser residues, but did not changp differences froDr
the qops. In 1967 yields were hgest after ryegrass, but no larger after kale than after wheat.
The residues of the N given for ryegrass increased yielcls. N given to the barley increased yields
gxeatly, but most after kale.

In 1966 spring wheat, kale and Italian ryegrass each were grown without N and with l.C
or 2'0 cwt N/acre, but otr a more fertile field. In 1967 and 1968 badey tested 0.0, 0.5 or 1.0 ct\t
N/acre in all combinations with previous treatments. In 1967 yields were largest after kale an.J
smallest after ryegrass. The residues of the N given io 1966 consistently iDcreas€d yields when the
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barley was not given N, and after ryegrass when it was; but tley decreased yields when N was
given after wheat and kale. The barley needed 1 0 cwt N/aqe after ryegrass, but less thatr
0.5 cwt N/acre after wheat or kale, In 1968 barley yielded most when it was oot given N and
ihen the largest yields were after ryegass. The N given for the barley greatly decreased yields
and the N residues defieased them further.

The amounts of N removed in the barley grain were well correlated with yields.

Pedology Department

TnEsrs

3.1 WELTAMS, C. (1970) BiogBochemical factors influencing plant uptake of molybdeoum
and selenium. M.Phil. Thesis, University of London.

GENERAL PAPER

3.2 JENKn{soN, D. S. 0971) Studies on the decomposition of Cla labelled organic matter
in soil. So Sci. lll, &-7O-

Pepex rN RocuusrtD REPoRT, PART 2

3.3 JENKTNSoN, D, S. (1971) The ac.cumulation of organic matter in soil left uncultivated.
Rep. Rothamsted exp. Stn for 1970, Part 2, 113-137 .

The accumulation of soil organic carbon, nitrogen, sulphur and phosphorus was measured in
three sites not cultivated since 1883. The sites had previously been arable for c€ntu es, and are
within 1.3 km of each other on the same soil series. Two had once been chalked and are still
calcareous; in the third the pH, 7'1 iD 1883, was 4 5 in 1965. The non-calcareous site and one
of the calcareous sites have been undisturbed and are now deciduous woodland. Tree seedlings
are regularly removed from the other calcareous site by stubbing.

Despite completely different vegetation, the soils of the calcareous stubbed and wooded sites
have gained similar amounts of organic carbon, nitrogen, sulphur and phosphorus. In contrast,
organic carbon, nitrogen, sulphur aod phosphorus have all accumulated more slowly in the Don-
calcareous than in the calcareous wooded site. The wooded non-c{llcareous site gained 23 kg
nitrogen p€r hectare per year during a period of 82 years (15 kg in the soil to a depth of 68'6 cm,
plus an estimated 8 kg in the trees). In 8l years the stubM site gained 55 kg nitrogen per hectare
p€r year (all in the soil), the wooded calcareous site 65 kg, 53 in the soil and an estimated 12 kg
in the trees. These differences b€tweeo the sitqs are attributed to the inqeasing acidity of the
non-calcareous soil. Little of the nikogen gained by the two wooded sites can have been fixed
in symbiosis with legumes, as these have long b€€n absent from both sites.

RESEARCH PAPERS

3.4 Br.ooMFrELD, C., Browu, G. & Cerr, J. A. 0970) The distribution of sulphur in the
mud of lake Victoria. Pl. Soil,33, 479-481.

Re-examination of mud from Lake Victoria showed the presence of pyrite. It has beetr claimed
that these muds contain aboormally large amounts of org;anic sulphur, but pyritic and organic
snlphur would trot be distinguished by the method that was used. The organic sulphur content
of the mud is therefore much less than previously reported, and there seems no reason to assume
the presence of unusual organic sulphur compounds.

3.5 BLooMFELD, C., KE6o, W. I. & ProrRowsKA, M. (1971) The mobilisation of trace
elemeots by aerobically decomposing plant material under simulated soil conditions.
Chemy- Ind-, 594l.

The rates were measured at which the oxides of Fe, Mn, Zn, Co, Ni, Pb and Cu are dissolved
by aerobically decomposing plant matter. Fe and Mn are relatively inactive. The first month of
itrcubation was the period of most active mobilisation. The amount of dissolved Cu decreased
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sharply during the second month's incubation, while the Cu content of the iDsoluble organic
residue increas€d correspondi_Dgly.

The capacity of the soluble orgaDic decomposition products to dissolve the various oxidr)s
under sterile conditions decreases as rotting proceeds, except with Cu, with which the activiry
of the extracts increases at first and then decreases rapidly. Significant amounts of metal ale
fixed by the insoluble orgianic residues.

3.6 BRowN, c., Carr, J. A., (HoLLYER, S. E. & Or_rren, C. D.) (1969) partial silicification
of chalk fossils from The Chiltems. Geol. Mag. t0,6, 583 586.

The calcite of brachiopod, lamellibraDch and echinoid shells from the Upper and Middle Chalk
of Hertfordshire and Bedfordshire is partly replaced by chalcedonic silica. The crystallographjc
forms of the silica are descdb€d, and its diagenetic emplacement inferred from thin ieciion
studies.

3,7 BRowN, G. & NEWMAN, A. C. D. (1970) Cation exchange properties of micas. III.
Release of potassium sorbed by potassium-depleted micas. Clay Min.5,2j3 279.

Two phlogopites depleted of potassium by extraction with sodium tetraphenyl boron released
resorbed potassium more readily than the original micas, but the large difierences in the exchanee
paxameters of the two micas were paralleled by those of their potassium-saturated alteration
products. The apparent basal spacings of the potassium-saturated alteration products were
about 0 03 A larger thao thos€ of the coresponding untreated micas; their broader lines indicate
structual irregularities.

3.8 GRIEi,TE-KILLY, R. (1970) Optical properties of organic complexes of moDtmorillonit(:.
Clay Min- 8, 4n5419.

The optical propedies of oriented montmorillonite aggregates were measured in both nor-
complexing and complexing media. The changes observed lead to the following conclusions:

Preparing oriented aggregates of clays for optical examitration requires considerable care trt
avoid spurious orieDtation effects.

In determining the optical constaots of montmorillonite aggregates the medium must wet
and enter the aggregate readily and displace the air, especially from the smaller pores, to avoirl
large form birefringence effects of uncertain magnitude. A suitable medium is likely to b3
one that will complex montmodllonite. The complex it forms must have relatively isotropi]
interlamellar layer, a state more probable with isodimensiooal molecules. Consideration of
complexes with simple compounds suggests that the intrinsic birefringence of aggegates is over-
estimated by conventional techniques.

Forming complexes with aromatic compounds usually results in the birefringence of thr)
aggregate being essentially determined by thc orientation and anisotropy of the intercalated
molecules.

3.9 GRxENE-KELLv, R. (1971) The shrinkage of clay soils during impregnation by poly-
ethyleue glycols. J. Soil. Sci.22. (In the press.)

Linear measurements on a remoulded clay soil showed that replacing pore water by molte
polyethyleDe glycol 6000 (PEG 6000) was the main cause of the sample contracting. Subse{uent
cooling of the wax resulted in only a small furthe. shrinkage. The volumetric shriokage ol
different clay soils on impregtation with PEG 6000 was about one-half to three-quarters that
on air-drying. The contraction inqeased with increasing average molecular weight of the pECi
fraction. Exchange of porc watq with digol, O(CHeCHzOH)2, b€fore impregnation witlr
PEG 6000 deqeased the total shrinkage by a further one-third.

3.10 JENxn.soN, D. S. & PowLsoN, D. S. (1970) Residual effects of soil fumigation on soil
respiration and mineralisation. Soil Biol. Biochem. 2,99-108.

Soils were taketr from fields that had beeo fumigated with formalin or methyl bromide 6 months,
to 5| years previously. Fumigated and unfumigated soil respired at similar rates when hcubatec
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in the laboratory. In contrast, after exposure to chloroform vapour the fumigated soil respired
less rapidly and mioeralised less nitrogen than the unfumigated soil. Irradiation (2 5 Mrad)
was broadly similar to chloroform vapour in its effects on soil r€spiration and mineralisation.
These rcsults are attributed to the elimination of a sectioD of the soil biomass duing field fumi-
gatioD; recovery was not complete even after s€veral years.

Field experiments sometimes show a declining crop rcspoDs€ to rep€ated fumiSation. Our
results show that less nitrogen is mineralised after a s€cond fumigation than after the first. Thus,
when nitrogen is limiting growth, a s€cond fumigation will be less effective than the first, quite
apart from any effect on plant pathogens.

3.ll KrNc, H.G. C. & PRUDEN, G. (1970) Lower limits of molecular weights ofcompounds
excfuded from S€phadez G-25 eluted with aqueous acetone mixtur€s. ,. Chromat.52,
285,290.

Compounds of molecular weight greatet than 900, 500 and 300 are excluded from Sephadex G-25
eluted with,l0, 50 and 60% aqueous acetone respectively. The lower exclusion limits w€re tested
by showing that 4O)4, but not 50 or 6of aqueous ac€tone, separates the four phenolic com-
ponents of tannic acid.

3.12 NEWMAN, A. C. D. (1970) Cation exchangE prop€rties of micas. ll. Hysteresis and
irreversibility during potassium exchange - Clay Min- 8,267-272.

The sorption of potassium by mica partially depleted of potassium was studied by adding potas-
sium to a solution of sodium chloride in quasiquilibrium wirh the mica. The concentration of
potassium in the solution was increased l'5 times before reverse exchange was initiated. Potassium
resorbed by the dcpleted mica was extracted more readily than potassium from the original mica,
Potassium exchange from mica is not reversible; there is irreversible change in rhe mica when
potassium is exchanged, and also an additional hysteresis in the forward and revers€ exchange.

3.13 NEWMAN, A. C, D. (1970) The syDergetic effect of hydrogen ions on lhe cation exchange
of potassium in fiicas. CIay Min.8,361 373.

Interlayer K in I I trioctahedral micas, with composilions ranging from fluorphlogopite to
biotite, was replaced by treating cut flakes with aqueous solutions of Na salts at controlled pH
values. Replacement in natural micas was faster at pH 4'5 than at pH 9 and there is a co-operative
action, or synergy, of H+ and Na+ in replacing I(+. The synergetic effect of H+ tends to be
geatest in micas that lose most net negative charge when K is replaced, and jncreases when
Fez+ in biotite is oxidised by heating. Possible relationships between synergetic effect and tho
chemical compositiol of micas are discuss€d in relation to the structure and chemical changes
in the aluminosilicate Iayers when K is exchangpd, and it is concluded lhat incorporation of
protons into the structure is responsible for the slnergetic effect.

3.14 PowLsoN, D. S. & JENKINSoN, D. S. (1970) Inhibition of nitrification in soil by carbon
disulphide from rubber bungs. Soil Biol. Biochem- 3. (In the press.)

Some rubber bungs evolve enough carbon disulphide to inhibit organisms that convert am-
monium to nitrite in soil;0 5 ppm carbon disulphide decreased nitrification in one soil by 80%
and 8 ppm stopped it completely.

3.15 wErR, A. H., CArr, J. A. & Mrocrrr, P. A. (1971) Post-glacial soil formation in the
loess of Pegwell Bay, Kent (England)- Geoderna 5, l3l-149.

The mineralogy, micromorpholog5r aDd particle size distribution of seven horizons in a buried
soil developed in weichselian lo€ss at Peg;well Bay in south-€ast England are described. The
radiocarbon date of the soil organic matter is 6120 + 250 years B.P., and the profile was buried
by colluvium in late prehistoric times. Most of the profile development probably occurred in a
few thousand years, mainly during the Post-glacial climatic optimum. The composition of sand
(>50 pm) and silt (2-50 r1m) fractiotrs suggests that only 10-20% of the loess was derived from
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the local Thanet Beds @alaeogene). The remainder is mineralogically similar to lo€ss in othe:
parts of south atrd east England, and is probably far-travelled.

After decalcification of the loess, the main soil-forming process was traNlocation of fine and
medium clay (<0.5 pm) from the uppq 450 mm of the profile into lower horizons. However,
the horizons of clay accumulation coDtain more fine clay (<O.l pm) than could have beeri
derived from the upper 450 mm. This apparent gain of fine clay results parlly from the weatherinti
of glauconite in the highest 450 mm of the profile.

4.1

Soil Micmbiology Deparhent
GENERAL PAPERS

Nnrur.u, P. S. (1971) Persp€ctives in biological nitrogeD fixation. Sci. pros. 59,
55-74.

NurMAN, P. S. (t971) l. Ecology of Rhizobium in soil. 2. physiology of root hair
infectioo. 3. Physiology of nodule formation. 4. Genetics of legume nodulation.
Proc. y Rei do l,atino-Americana de Rhizobium, Rio de Janeiro, Bruzil. (ln the
press.)

SKTNNER, F. A. (1969) Micaobiology of the soil. Rep. ptog. appl- Chem. 54, 37139O-

SKINNER, F. A. (1970) Microbial heterogeneity of soil. Rep. tlelsh Soits Discussion
Grorp. (In the press.)

SKTNNER, F. A. (1971) The isolation of soil clostridia. In: The isolatioa of onaerobic
orgqnisms. Societylot Applied Bacteriology Technical SeriesNo.5, pp.57-30. London:
Academic Press.

4.2t
4.3 [

i:11

4.6

4.7

4.8

RT$ARCH PApERs

4.9 BELL, F. & NurueN, P. S. (1971) Expe ments on nitrogen fixation by nodulated
Iucerne. P/. So . (In the press).

Field experiments at five sites compared dry-matter yields and nitrogen contents ol luc€rne and
ryegrass, These tested Rhizobium inoculation and fertiliser treatments in an exp€rimental design
proposed by Vincent and Nutman IBP 69(66), amended 57168. Estimates of fixation ranged
from 0 to more than 300 kg N ha r at the different sites, and treatment comparisons indicaied
the main factors limiting fixation. Parallel experiments using a soil core technique described by
Vincent gave very similar results to the field trials in their fint year.

4.10 BRowN, M. E. & HoRNBy, D. (1971) Behaviour of Op, iobolus graminis ol slides buried
in soil in the presence or absence of wheat seedlings. Trans. Br. Mycol.'oc.56,95-lO3

On slides buried in field soils, mycelial inogultm of Ophiobolus graar'ars produced hyphae, which
grew towards wheat seedling roots, forming clumps of cells in the root hair region and infecting
hairs before penetrating s€minal root axes. Without roots new hyphae grew, but phialospores
(microconidia) were produced abundantly. Growth was similar using infected wheat roots as
inoculum, exoept fewer and smaller clumps deyeloped. Using infested debris from a wheat field
as inoculum, the amount of clump formation and root hair infection was negatively correlated
wirh the size of the colonised host fragments and no phialospores developed. All clumps were
ephemeral and lysed quickly after seminal axes were infected. phialospores remained intact
during 21 days observation, but did Dot germinate. Mycelium labelled with fluorescent brightener
confirmed that the observed growths were O. graminis.

It is suggested that O. gaminis has an ephemeral feeding stage before initial infectioD of an
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axis, The extent of this depends on the nutritional status of the original inoculum; inoculum
with large food reserves can infect roots without extensive clump development and root hair
infection. When there is no host stimulus, active mycelium with smatl food reserves produces

phialospores, but slowly metabolising mycelium in debds does not.

4.ll DART, P, J. (1971) Scanning eleclron microscopy of plaut roots. l- exp- Bor. N2'

163-168.

A glycol methacrytate infiltration and polymerisation technique was us€d to prepare clover roots
inoculated with -R/rizorixrz for scanning reflection electron microscopy. Root hails and epidermal
cells were coated with many bacteria; some bacteria seemed to be embedded in the wall surface.

Root hair tips were often smooth but some older root hair surfaces showed a fibrillar meshwork
pattern. Small graDules c. O'18 pm diameter were present on the root hair and epidermal c€ll
walls. The root cap, some root hairs, aDd some epidermal cells were covered by an amorphous
film thought to b€ the mucigel.

4.lZ DARr, P. J. & DAY, J. M. (1971) Effects of incubation temperature and oxygeo tension
ou DitrogEnase activity of legume root nodules. Pr. Soi/. (In the press.)

Acetylene rcduction and H2 evolution by legume root nodul€s from several plant speci€s

depeoded on incubation temperature; some nodules were active from 2-4o"C. Acetylene reduc-
tion rates differed between plant sp€cies, with maximum activity at temperatures between 20'
and 30"C for Vicia faba, y- saliva, Ttifolium pratense, T. subterraneum, Medicago truncatulq
and Glycine na4 at 35"C lot M. sariva and 4O"C for Vigna sinettsis. Only M. satfia at]d Vigna

^rrheruii reduced substantial amounts at 37'5"C. Temperatures from 2'-10"C only slightly lesseDed

activily of T. subtefiaaeur aJrd V. salha nodules. Nitrogenas€ functioned at temperaturos which
prevent establishment of other aspects of the symbiosis. Acetylene was reduced at a constant rate
ior several hours at temperatues b€low 15"C, and activity continued for se\€ral days at 2"C in
some sp€cies, but declined with time at warmer temp€ratures. Some nitrogenase was denatued at
warmei temperatures, but the 02 tension in the assay vial also aff€cted activity. In closed assay

vials nodule respiEtion decresed the pOz and reduced nitrogenase activity. Activity was

restored by adding Oz or regassing assay vials with air or Ar : 02. When the 02 was maitrtained'
acetylene r€duction and H2 evolution by detached soyabean nodules continued uochanged for
6 hours.

4.13 Gnrrrrnrs, D. C. & WALKER, N. (1970) Micaobiological degadation of parathion.

Meded. Faculte it Londbourr-Wetenschafen Gezl. 35, 805-810.

Soil percolation experiments showed that parathion (diethyl-4-nitrophenyl phosphorothionate)
was decomposed in soil by a heaGlabile agent, transfcrable in small amounts from one soil
culture to another. This is consistent with the efiects of microorganisms, but the responsible
organisms have not yet been isolated in pule cultue. Microrespirometer experiments showed
that soil pseudomonads, which gxew with +nitrophenol as their sole carbon source, did Dot
metabolis€ parathion.

4.14 HAYMAN, D. S. & MossE, B. (1971) Plant growth respons€s to vesicular--arbuscular
mycorrhiza. I. Growth of Erulogone-ircculated plants in phosphate-deficient soils.
New Phytol. TO, 19-26.

Or.iot arlld Coprosma plants were grown in a nnge of soils mostly containing very little available
phosphate. Very large iucreases of shoot dry-weight (up to l8-fold with CoProrrra and lg-fold
with onion) were obtained by adding phosphate. Similar inqeases (up lo ls-fold' wilh Coprosma
and l2-fold with onion) were obtained by mycorrhizal inoculation. The respons€ to phosphate
equalled or slightly exceeded the response to mycorrhiza, exc€pt in two soils rich in phosphate
in which there was no response to either, and in one soil in which the mycorrhizal onion and
Coprosma plalIlts were twice as heary as thos€ given phosphate. The greatly increased growth
from either treatment was associated with a large increase in the uptake of phosphorus. The
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probability ofsuch growth respons€s, but not their size, was usually predictable in soils containinjl
very little phosphorus soluble in caclg. In all soils with inocuium mycorrhizal infection war
extensive. The.sources of phosphorus available to mycorrhizal roots buioot to non_mycorrhizal
roots differed itr the various soils. In some, inhibitory factors might make vesicular_arbuscular
mycorrhiza less effective in promoting the growth of the host plants.

4.15 KLECzsKowsKA, J. (1971) Genetical ch atges it Rhizobirottbacteria and in their bacterio-
phages during coexistence. pr. .toil. (In the press.)

Three. systems, each consisting of a virulelt phage and a susceptible bacteria, were incubated
for 24 weeks iD liquid culture and the processes of interaction and genetical change in both
partoers. investigatad. Th€ initial stage of interaction in all systems wa;identical; all iusccptibft:
bacterial_cells were lysed and only cells that originally were resistant or mutated to resistance,
remained alive. In two systems the multiplication of resistant cells was not restricted by targo
conce[tratiotrs of phage; in the third bacteria did not multiply. phage concentration was main-
tained at a high titre for the duration of the expe ment by p.esence of the resistant mutan..
bacteria. Phage resistant mutants were genetically less stable than the parent forms; some alsc,
had changed colony morphology and symbiotic properties, Mutations inihese different character-
istics w^ere independent. In two systems, virulent phage mutated iDto temperate form; hence
some of the phage-resistant mutant cells were geoeticaliy suitable to establish lysogeny.

4.16 MossB, B. & Hevumr, D. S. (1971) plant growth responses to vesicular_arbuscular
mycorrhiza. II. In unsterilise.d field soils. New phytol. jO, Zj-34.

The benefits of mycorrhizal infection were compared in four irradiated aod unsterilis€d soil!
containing little soluble phosphorus. Mycorrhizal infection was produced in onion seedlings b)
pre-planting in a heavily infected soil and transplaoting into the test soil, or by sowing rn srrr,
orl a cushion of E r/ogone inoculum. In all soils, irradiated or not, mycorrhizai seedlirUs gre$
very much better than non-mycorrhizal ones. In two of the soils naturil infections were iew and
most uniooculated seedlings remained non-mycorrhizal even after 16 weeks. In the other twc
soils most plants became mycorrhizal in the unsterilised soils. In one of them, the indigenous
mycorrhizal fungi aided phosphorus uptake by the host plant, io the other they did not. Infec.
tions produc€d by the iadigenous fungi in the two soils were anatomically different, though both
were typical vesicular--arbuscular mycorrhiza.

It is concluded that inoculation may have practical significance in some soils poor in phosphate
and containing either few indigenous mycorrhizal fungi or ioeffective strains.

4-l'l NurM N, P. S., MaREcKovi, H. & RArcEvA, L. O97l) S€lection for increas€d nitrogen
fixation in red clover. Pl. Soil. (In the press.)

Plants were selected and bred from the modal yield class of the population and from the class
showilg the largest yield (and nitrogen content), under coDditions of test-tub€ culture using a
single strain of rhizobia as inoculum. Progeny tests made on about 60 crosses within each group
over two generations showed larger yields in families raised from the most effective pareDt
plants, but the average effect of s€lection was small (about 5% dry weight increase). Whin the
same material was tested with other strains of bacteria the effect of selection was smaller or
disappeared, and when uninoculated plants were giyen nitrate the effect of s€lection was also
less, but did not entircly disapp€ar. In these conditions, selection was partly for increased
symbiotic nilrogen fixation and partly for tolerance of the restricted conditions of gxowth.

4.18 NLTTMAN, P. S., Roucury, R. J., Denr, p. J. & Sr.rBBA-RAo, N. S. (1970) Effect of low
temp€rature pre-treatment on iDfection of clover root hairs by Rhizobium. pl- Soil 31,
257-259.

Holdiog 2zl-hour seedlngs of Trifolium spp. at 3'C increased the number of root hairs infected
by Mizobium when the plaots were subs€quently inoculated and gxown at t9"C. This effect
was tE[Nitory, disappearing on plants more than 7 days old.
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4.lg PEILLrps, r. M. & Hrvrrrex, D. S. 0970) Improved procedures for clearing roots and

staining parasitic and vesicular-arbuscular mycorrhizal fwtgi for rapid assessment of
infection. 11416. ,Br. mycol. Soc. 55, 158-16l-

Fungal infections in whole non-pigmented roots were strongly stained with 0'05 % trypao blue

afteiclearing the host tissues in hot KOH. with pigmented roots a long€r clearing time in KOH,
followed by bleaching in alkaline HzOz before stainiog, also revealed intensely stained ftDgal
structures.

Botany DePartment

GENERAL PAPERS

5.1 (Moopr, F. J. H.) & THURsroN, J. M. (1971) IDterrelationships of fungi, weeds, crops

and herbicides. Proc. tqth British weed Conttol Confetence, l9'1O,3,920-926.

5.2 THoRNE, G. N. (1971) Physiological factors limiting yield of cereal crops. In sym'
posium on: Poten ial crop producrion in Birain, Aberystwyth, 1969. Heinemann
Educational Books Ltd., pp. 143-158.

5.3 WATsoN, D. J. (1971) Size, structure and activity of the productive system of crops.

In symposium on: Pote ial crop ptoduction in Btitain, Aberyst*"$h, 1969. Heinemann
Educational Books Ltd., PP. 7G88.

5.4 W[LrAMs, E. D. & (ATrwooD, P' J.) (1970) S€ed production by couch grass (,{8'ra
pyron repew). N.A.A.S. q. -Rev. No. 89, 42-46.

RTSEARCH PA?RS

5.5 IrAcH, K. (1970) Analysis of differences in yield between six sugar-beet varieties'

Ann. appl. Biol. 6,2l'l-223.
The basis of differences in yield betwcen six suga.'beet varieties was studied by measuring the

changes in their leaf areas aod dry weights throughout the season. Initially, dry-matter produc-

tion ivas determined by the rate at which leaf area developed, but this effect did not p€rsist to
final harvest. varieties that maintained the largest net assimilation rates in septemb€r produc€d

Iarger sugar yields. Characteristically, these varieties showed the smallest losses in Iamina dry
,"igt t througtr leaf senescence late in the s€ason, and put the largest proportioo of their photo-

srrthate into root Production.

5.6 MILFoRD, G. F. & WArsoN, D. J. (1971) The eff€ct of nitrogen on the glowth and sugar

content of sugar beet. Ann- Bot. 35, 287-300.

Nitrogen fertiliser applied to sugar beet iocreas€d plant and root dry weight and leaf area, and

decreased the sugar content of the root per cent of both fresh and dry weight. Changp in leaf
area accounted wholly for rhe increase in plant dry weight produced by nitrogen, because net

assimilation rate was unaffected. NitrogeD did Ilot alter the partition of the rotal assimilate

between roots and shoots, but increased the fraction of total assimilate entering the roots that
was used in growth, at the exp€nse of that stored as sugar' Thus, plants vrith more nitrogen had a

smaller proportion of their root dry weight as sugar becaus€ more was metabolis€d io growlh of
the roots, aod not because less entered the roots.

The heavier roots of plants giYen more nitrogen wero larger in cross-sectional ar€a b€cause th€

areas of both parenchyma and vascular zones of each peripheral ring within the root were

larger; the num-ber of rings was not increased. Nitrogen increased the areas of the tissues in these

zones by enlarging cell volumes, not by increasing the numbor ofc€lls within the tissues. Increase

in cell volume was a@ompanied by proportional incrcases in the weights of non-sugar dry matter
per cell and water p€r cell, but the amount of sugar per oell was proportional to cell volume
-only 

during the initial stage of cetl expansion up to cell volumes of about 15 x 10-8 cm3; there'

3ll
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after it was less than proportional, so that sugar p€r cent of both fresh and dry weight decreased
as cell siz€ increased beyood 15 x 10-8 cm3. The rclation of sugar per cell to ceri volume *as
the same with both amounts of nitrogen given. This implies thlt increase in nitrogen supJ,ly
made the sugar coocentration of the root less by increasing the size of the root cells, una not ij, i
specific effect on sugar storage.

5.7 THoRNE, G. N. (1970) Us€ ofcontrolled environments for studying the effects ofclimalic
factors on growth and yield. lr.; prediction and mearurenent- of photosyntheric ptod c_tlvity. (Ptoc. IBP/PP Technical moeting, Tieboi, September, 1969.) Wageniogen:
C€ntre for Agricultural Publishing and Documentation (pudoc), pp. 399 .4O4.

controlled cnvironment facilities such as growth rooms or cabinets in which daylenglh, light
int"nsity' temperature and humidity can be controlled can be used to distinguish be&een ihe
effects of environmeotal factors that are closely corelated out-doors e.g. radiation and tempera-
tue. They caq also be used to show how the respons€ to a particular environmental fictor
depends on previous history. Differeot artificial climates can be made by changing conditiorrs
at various times during the growth p€riod or at sp€cific stagEs of growth. informition about the
effects of weather can be obtaiDed by moving piants between nitural and controlled enviror.-
ments. For example, cotrtolled deviations from the seasonal climatic trend can b€ made by
moving plants from a population growing out-doo$ to growth rooms for short periods, and the;
returniog them to complete their growth in the tratural climate.

, 
Environmental factors may affcct yield via the size of the photosynthetic system, the rate of

photosynthesis or the capacity of the storage organs to accumulate carbohydrate. ixperiments
in controlled en-vironments can help to establish the relative importance or ttese processes ;n
controlling yield when a particular environmeDtal factor is altered.

5.8 WATsoN, D. J. & FRENCH, S. A. W. 0971) Interference between rows and betwee
plants within rows of a wheat crop, and its effects on growth and yield of differently..
spaced rows. !. appl. Ecol.8. (In the press.)

By_closing two adjacent spouts of the drill, a winter wheat crop w.rs sow! so that each dril,
width contaioed seven rows with nominal spacing of 7 in. (lS;m) (NS rows), two edge_rows
each with 7 in. spacing on one side and 2l in. (53 cm) on the other (Ei rows), and oo" .o-r, (WS)
with 2l in. spacing on both sides. Samples for growth analyses wer; taken at fortnightly intervali
from March to the final harvest ill August from rows sown by each coulter of the drili.
_ 

ER rows cortinued to take up more nitrogen than NS rows throughout the growth period;
they produc€d more shoots and ears per plant and p€r metre, and had more leaf jea. Tne
greater leaf area duration (D) of ER rows than of NS rows was the main cause of their larger
dry weight p€r metre at ear emergence, and henc€ their largq straw yield, aod accounted alm6st
entirely for their larger gain yield. Net assimilation rate (E) befori ear emergence was slightly
greater for ER rows than NS rows, but the difrerence in graiD ; leaf ratio (C) t"t*""n it "-was small and not significant.

WS rows absorbed more nitrogen per metre than ER rows, but had no more shoots or ears
per metre becaus€ they had fewer platrts. They had slightly less leaf area thaD ER rows before
ear emergence, but more aflerwards. Consequently, the larger straw yield of WS rows was
wholly attributable to their larger E, but the larger grain yield was caused by gIeater D, aod
slightly greater c.

The spacing between NS rows, nominally 7 in., rauged from 4.9 to g.5 in. (12.2-21.6 cm).
NS rows with wider spacing had greater grain yield per metrc because they had larger D afbr
ean emergence, and G was independent of spacing, but increases in both D and .E coniributed to
their greater dry weight at ear emergence. NS rows also differed in plaot density; thos€ with
more plants per metre had greater yields of grain and straw, wholly because they had more leaf
afea-

_ Thus, edge rows grew larger and yielded more grain and straw than closely-spaced rows
because they,obtained mor€ nitrogen, and probably other nutrieDts, from the soil and so pro-
duced more leaf area. IJss mutual shading of leaves slightly increas€d photosytrthesis by the
3t2
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edge rows before ear emergence, but very little afterwards atrd so had oo efl€ct on grain yields.
Thes€ results imply that closely-spaced rows competed mainly for nutrients from the soil, and
that competition for light was important only with wide spacing, when comp€tition for Dutrients
was less severe.

Wider spacing produced stems that were larger in cross section. Stcms from widely-spac€d
rows were also stronger than stems of the same area ofcross section from narrowly-spaced rows.
Presumably both these effects increase the resistanc€ of edge rows to lodging.

5.9 W[uAMs, E. D. (1970) Studies on the growth of s€edliigs of Agropyron repew (L.)
B€a].ry. and Agrostis giganteq Roth. Veed Res. f0, 321-330.

The gxowth of s€edlings ot Agtoptron repens (L.\ Beauv. and Agrostis gigantea Roth. in pots
was studied in two sxperiments in 1968 and 1969. In Experiment I their gowth was compared
with that of wheat and in Experiment 2 they were grown in sandy loam (Woburn) a.nd silt loam
(Rothamsted) soil with four amounts of nitrogen,

Both species grew faster than wheat, mainly because they had a larget leaf area ratio, Tillerilg
began earlier iD wheat, but continued longer in the grals€s, which eventually had many more
shoots. Ears emerged in the order: wheat before Agropyron before ,4e,rar&i, Although
Agtostis had much lighter seeds than Agropyron, it grew faster, b\t Agropyron initiat"d
rhizomes sooner, usually when it had 1-2 tillers and four leaves. ,{grosr:r did not iDitiate rhizomes
until it had at least ten tillers and six leaves. In Experiment 2 the seedlings at 6-rst grew more in
Woburn than in Rothamsted soil but later more in Rothamsted than in Wobum soil. There was
no evidence of a species/soil interactioD, but nitrogen had more effect on both sp€cies io Woburn
than in Rothamsted soil. Neither soil type nor nitrog€n affected the time when rhizomes were
initiated.

5.10 W[LrAMs, E. D. 0970) Effects of decreasing the light intensity on the growth of
Agropyron repens (L.) Beauv. in the field. ltreed Res.10, 3@-366.

Small plots of Agropyron repeu (L.) Beauv. were shaded with 'Tygan' screening fabric which
tratrsmitted approximately 46)( of dayligtt. In 1968, plots were either shaded or unshaded
throughout the exp€riment (from mid-May until September) and in 1969, some plots were also
shaded early (mid-May to mid-ruly) or late (mid-July to S€ptember). In borh experiments
continuous shading halved rhizome dry weight but had a much smaller effect on shoot dry weight.
It also des€ased rhizome dry matter content by 5%. With early shading there were fewer shoots
and ears until mid-July but this difference disappeared by September, because plants shaded
early produced more shoots and ears after mid-Jr y than uoshaded plants. Early shading sligbtly
decreas€d the final perc€ntage of shoots that developed ears. Early shading incresed shoot
height by mid-July and late shading increas€d it by the end of the experiment.

5.ll Wtt-LIAr'rS, E. D. & (ATrwooD, P. J.) (1971) Seed production of Agropyron repens
(L.) Beauv. in arable crops in England and Wales in 1969. Weed Res.ll,22-30.

Spikes of Agropyron repens (L.') Beauv. were collected from field crops (mostly spring barley
and winter wheat) in England and Wales n€r the time of crop harvest. Seeds per spike were
counted and their germination t€sted in soil in the glasshous€.

About 95% of the samples contained viable seeds; about one-third of the samples had fewer
than fiv€ viable seeds/spike, a third between si'( and t5 and a third more than 15. The average
number of viable seeds/spike for all samples was 13. Spikes from spring barley (152 samples)
had an average of I I and a maximum of 5l viable s€eds and those ftom winter wheat (42 samples),
20 ard 48 respectively. Samples collecled within 3 w€eks after mid-July had fewer viable seeds/
spike than those collected later. Samples containing morphologically-differeDt spikes had more
viable seeds/spike than appa{ently uniform samples, and spikes from dense field populations
more seeds than those from sparse populations.
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Biochemistry Department

GENB,AL PAPERS

6.1 HoLDEN, M. (1970) Notes otr the Ag,aric flora of Ghatra. Jl l/. Alr..Sci. ,4sr. (ln
the press,)

6.2 PB.n, N. W. (f970) Thirty years progress with leaf prctein. Caianus 3,219-287.

6.3 PRE, N.W. (1970) Increasing the usefulness of interDationally controlled research.Irr:
The ecology of lood and nurrition. (It the press.)

6.4 h.E, N. W. (1970) w€eds are not all bad. (Fresh-water weeds as a resource.) Cer.r
3, (4), 3r,34.

6,5 PRE, N. W. (1970) Enzyme actions in Food Technology. LancetVol.l for 1970,87!t.

PAPIR rN RorflAMsrED REPoRT, PART 2

6.6 PERporNr, W. S. (1971) Formation and b€haviour of oquirones in some processes cf
agricultural importaq@. Rep. Rothamsled exp. Stn fot 1970, Pan 2, t99-218.

A general account of thc enrymic production of o-quinones from o.dihydroxwhenols, their
metabolic roles in plants and arthropods, and some of the consequences of their formation iD
harvested, stored or decaying plant materials,

RESEARCH PAPERS

6.7 ARKCoLL, D. B. & FEsrENsrErN, G. N. (1971) A preliminary study of the aStronomic
factors affectiog the yield of extractable leaf protein. J. Sci. Fd Agric. 22, 49-56.

The main factors iofluencing protein production by sp€cies selected for their ability to synthesis{,
protein rapidly were; nitrogenous fertilis€r, age at harvest, seed rate, climate, diseas€ and growttr
regulators. These factors were examined to find how much they affect the extractiotr and yield
of protein. Some of the b€st species were grown either through a season or in s€quence with otr(,
or more other species, with optimum conditioos aDd cut to give maximum protein yields
Annual yields as Iargo as 2000 fu/ha were obtained in a good year with winter whcat followed
by two crops of mustard or fodder radish. Some species that yield well did not extract well by
old methods. Improveme[ts in extraction methods allowed them to b€ used. The best was
cocksfoot gBss, which gave 1670 kgiha in a very dry year and can be expected to give 2000 kg/ha
regularly in wetter parts of the British Isles.

6.8 ByERs, M. (1971) The amino acid composition and !, virro digestibility of some protein
fractions from three species of leaves of various ages. J. Sci,Fd Agric. Zl (Io the press.)

Extracts from leaves of barley (Hordeum wlgare\, lupn (Lupinas albus) and chinese cabbage
(Brassica chinensis) of differeot ages were fractionated by centrifuging and controlled heating.
As the leaves age chloroplasts are increasingly disrupted dudng extraction atrd the chlorophyll-
coDtaining protein becomes increasingly difficult to s€diment. The amount of protein unassociated
with chlorophyll does not vary with leaf ago, but does difrer b€tween species.

Analyses are given of selected chloroplastic fractions sedimented at 70 x I to 80 000 x g,
and coagulated by heating to around 45", and on the protein precipitated from the whole
extracts and the various supematant fluids. The amino acid composition of unfraclionated
protein is independent of species, except perhaps for methionine: Ieaf age has no aff€ct on
composition. The method of protein-precipitation may, however, influence the amourt of lysine
determined. Coqtrary to previous reports, chloroplastic and cytoplasmic (i.e. that which is
precipitated from chloroplast-free extracts) protein do not have the same composition: both
cootain the same amouDts of aspartic acid, proline, alanine, valine and methionine, and differ
only slightly in their cotrteDts of thrpoEine, serine, glutamic acid, iso-leucine, tyrosine, phenyl-
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alanine and arginiDe, but there is less leucine alrd substaDtially more histiditre and lysine in the
cytoplasmic than in the chloroplastic fraction. These differenc€s in composition between the
various fractions, and between sp€cies, show most clearly when the analyses are classified
statistically.

The nutritional properties of the various preparations are discuss€.d iD relation to their amino
acid composition and to their known l, viro and in yirro behaviour. Comparison with the FAO
reference protein shows eDough lysine, both total and nutritionally 'available', in unfractionated
and cytoplasmic proteio, though it may be marginal in some chloroplastic fractions. The fust
limiting essential amino acid iD all leaf protein preparatioDs is methioDine, and there is an ade-
quate amount 'available' in cytoplasmic but not in unfractionated or chloroplastic protein.
Reasons are suggested for the unavailability of methionioe, aod possibly cyst(e)ine, in the latt€r
preparations.

6.9 CURRE, J. A. & FrsTENsrErN, G. N. (1971) Factors defining spotrtaneous heating and
ignition of hay. J. Sci. Fd Agric. 22 (In the press.)

The ways in which heat balance, water balaoce and aeratron interact in the solf-heating of hay
beyond 70'C were examined in the laboratory. A temperatue-contolled environment is essen-
tial for the temperature of small hay samples to exceed 70'C; the rate air flows through the
apparatus must b€ slower thaD that require.d for self-heating below 70'C, to restrict loss of
latent heat caused by increased water vapour transfer; othgrwise air at the same relative humidity
as the hay must be used. Some water is essential for hay io self-heat beyond 70'C, but self-igni-
tion occurs only when most of the water has been lost at or near 100'C. Theoretical considera-
tions show that the latent heat transfer exceeds the thermal conductivity of hay above 20.C,
increases by one order of magnitude by 65'C, two by 95"C and iDfinitely by lm"C.

6.10 FEsrENsrErN, G. N. (1971) Carbohydrates in hay on s€lf-heating to ignition. J. .Sci.
Fd Agtic. 22 (h the press.)

The self-heating of moistened hay beyond 70'C, the maximum temp€rature reached by thermo-
philic micro-organisms, was studied in a temperature-controlled apparatus. The pH deqeased
on heating from 6.2 to 3.8. Fructosan was rapidly degraded to fructose, which then atso deqeased,
More hemicellulose than cellulose was broken down and the resulting products, monomers and
polymers of pentose and glucose, increased co[espondingly in aqueous extracts; hay self-heated
to 165'C contained little free sugar and pentos€ polymers were the only remaining soluble
carbohydrates. Hay incubated with water at 80"C showed changes similar to hay s€lf-heated
between 70" and loO'C-

6.11 kLL, J. M. (1970) The cytochrome-c catalys€d oxidation of ascorbate in the presence
of sodium dodecylsulphate and NNNT.I'-tekamethyl-p-phenylene diamillle. Biochem.
J. tt8, 677-.6'18.

Anionic- but not neutral- or cationic-detergents react with cytochrome-c. This modified cyto-
chrome-c, unlike untreated cytochrome-c, catalyses the rapid aerobic oxidation of ascorbatc in
the presenc€ of NNN'N'-tetra-methyl-p-phenylene diamine. Hydrogen peroxide is formed.
In the preseDce of catalase, I g-atom of 02 is absorbed for each molecule ascorbate oxidis€d.
Cltochrome-c caonot be replaced by other haem-proteins or haematin. The Soret band of the
modified cytochrome-c is at 396 nm and is intensified slightly under anaerobic conditions; no
ab6orption peak are found between 50O and @0 nm. Both ferri- and ferrG{ytochrome-c
react with sodium dodecyl sulphate to give identical eod products. After chromatography of
modified cytochrome< on Sephadex G-25 columns, cytochrome-c, indistinguishable from ferri-
cytochrome-c is r€covered in the eluate.

6.12 HoLDEN, M. (1970) Chlorophylt bleaching systems in leayes. Phytochemistry 9,
1771-1777.

Chlorophyll was bleached when leav€s of various species were incubated in aqueous acetone
solutions at pH 6 in the dark, but not when they \f,ere suspended in solutions of several surface-
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active compoutrds. IJaves that bleached in aqueous acetone were rich in lipoxidasc but a lbw
with larEp activity did not bleach appreciably. Although leaves with Iittle lipoxidase activity did
not bleach, pheophytin or pheophorbide was sometimes formed and decreased the absorption
of pignent-containing extracts. Adding glycollate to chloroplast-containing aqueous extracts
of whcat and bartey leaves caused chlorophyl to bleach, but glycollate oxidation s€ems not to be
involved in the bl€aching in leavcs in aqueous acetone.

6.13 JERvrs, L. & (H^LLAWAY, H. M.) (1970) Isolation of ribosomes from cell-wall prepala-
tions of barley (Hord"um vulgare). Biochem. J- ll7, 5O5-

Ribosomes can be releas€d from highly purifed preparations of the cell Balls of barley shoots
by passing the suspension of cell walls through a French press. The sedimentation coemcients
aud basecomposition ofthe cell wall ribosomes are identical with thos€ ofcytoplasmic ribosom.E.

Plant Pathologr Deprrtment

GENERAL PAPR,S

7.1 GtBBs, A. J. (& H*msox, B. D.) (1970) Cucumber mosaic yirus C.M-I.|A-A.,8.
Descriprions of plant yirases No. l.

7.2 GrBEs, A. J. & @e.ul, H. L.) (1970) Echl€s Ackerbohnemosaik virus. C.M.I.|A-A.8.
Desciprions of Pl@r, I/rhde.i No. 20.

7.3 GrBBs, A. r- & (Sr,rrH, H. G.)(1970) Broad bean stain vkv. C-M-I.lA.A.B- Descti>
tiorrs of Plant l/iruses No. 29.

7.4 KAssANIs, B. (1970) Satellite yi\s- C-M-I-|A-A-8. Desqiptions of Plant Vituses
No. 15.

7.5 KAssANrs, B. (1970) Tobacco necrosis virus. C.M.I.|A.A.B. Desqiprions of Plqt
/rTases No. 14.

7.6 LAcEy, J. (1969) Spores in the air of farm buildings. In: Filtration in nedical oni
health engineering- (Filtration Society Symposium, London, April 1969>, pp. 6&.

7.7 LAcEy, J. (1970) The cas€ for chemicals- Dairy Famet ANil 62-45.

7-8 MAcrARr,ALr, L (1970) Germination of resting spor* of Planrodiophora brqssicae.
Trans. Br. mycol. Soc.55,97-112.

7,9 MACFARLANE, l. (191O) Lagena radicicola and Mizophydium gruminis, two coromon
and neglecred fungi. Tra$. Bt. mycol..toc. 66, lt3-116.

7.10 SALr, G. A. (1970) Conifer seedlhg pathology. Rep. Fores, Res. Iandoa, 1970,
t7+175.

1.ll Smpr, D. B. (1970) Dis€as€ problems of inteasive cereal growlng. Rep- Proc. Pertwee
Cereal Growers Coaf. 1970,22-33.

7,12 WArsoN, M. A. (1969) Virus€s, vecto$ and vegetation. World Reiew of Pest Contrul
8, 4, 18c189.

7.13 WArsoN, M. A. (1971) Tratrsmission of plant viruses by aphids. ln: pl@tt virology:
prfuciples ond techaiques- Van Nostrand Reiohold Company.
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PApER rN RoTHAMSTED RtpoRT, paRT 2
7.14 SALT, G. A. (1971) Soil fumigation and root-rots of wheat. .Rep. Rothamsted exp.

Stn Iot 1970, Part 2, 138-1,16.

This paper describes the direct, residual and cumulative effects of formalin soil treatment on
take-all and other fungal diseases of spring and winter wheat grown with a range of N dressing
at Rothamsted. The effects on take-all are closely correlated with those on yield (Widdowson &
Pe[ny, Rolhomsred Report fot 1969, Part 2, ll3-134).

RISEARCH PAPERS

7.15 BarLEy, L., GrBBs, A. J. & WooDs, R. D. (1970) A simple way of purifying s€veral
insect viruses. J. gen. yitol, 6, 175-177 .

(For summary s€e No. 11.6.)

7.16 BowDEN, J., GREC,oRY, P. H. & JoHNsoN, C. c.(1971) possible wind transpo of cofiee
leaf rust across the Atlantic Ocean. Nature, Lond- 229, 5m-501.
(For summary see No. 10.16).

7-17 BRowN, M. E. & HoRNBy, D. (1971) Behavior of Ophiobolus graminrs on slides buried
in soil in the pres€nce or absence of wheat s€edlings. Trans. Br. mycol. Soc. 56,
95-103

(For summary sce No. 4.10.)

7.18 CARPENTER, J. M. (1970) The stacked-disk structure of tobacco mosaic virus protein.
Virol. 41, fi3414.

The protein of TMV polymerises slowly in alkaline solution (pH 8-10.5) to form rod-shaped
particles which have the stacked-disk structure. The polymerisation process has been followed
by electron miqoscopy and analytical centrifugation; possible mechanisms are discussed.

_ The particles are resistaut to changes in buff€I concentration and pH, and are not in equili-
brium with their precursors. They are degraded only at a pH above 12 or below 2 and are resis-
tant to proteolytic enzymes. Electrophoresis indicares that the particles consist of more than one
structual type.

7.19 (CRoss, T.) & L^c:Et, l. (1968) Studies on the genus Thermomonospora. The Acti,to-
mycetales. Ed. H. Prauser. VEB Gustav Fischer Verlag Jena, pp. 2ll-219.

More than 40 thermophilic, rrhite, moDosporic actinomycetes isolated from natural substrates
were compared with type cultures and other isolates of sp€cies o f Thermomonospora, Actinobifda,
and, ThermoactinomyceJ. Ar almost continuous range of morphological variation was found
between two extremes reprcseuted by Thermonospora viridis a\d Thermoacrinomyces vulgaris.
Sporophores on thc aerial mycelium showed varying degrees ofdichotomous branching ind a
number of cultur€s had spor€s on the vegetative mycelium on simple or dichotomously branched
sporophores. The range of variation included types descriH as distinct species of Thcrmono-
spora and Actinobifida. The taxonomy of this group is discussed and suggestions made of ways
in which it might be clarified.

7.2O EBBEB, D. L. (1970) Effect of fumigants on fungi in buried wheat straw. Truns. Bt.
myco l. Soc. 54, 227 -232-

Applying formaliD to soil in the field significantly decreased the survival of Cercosporella
herpotrichoides in surfae Iitter. 'D-D' had no efrect oD the incideoce of Fusarium roseum it srrch
Iitter, but both formalin and dazomet soil treatments decleased it. .D-D' and chloropicrin
injected into soil columns at 150 mm deplh were always more effective in killing futrgi below the
point of injection than above it. None of the fumigants tested eradicated C- herpoltichoides,
F. roseum, ot Ophiobolus grumiDis in straws lear the soil surfac€,
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7.21 GovER, D. A. & KLEczKowsKr, A. (1970) Itractivation by ultraviolet radiation at
different wavelengths of the RNA isolated from potato virus X. Photochem. Photob':ol.
12,345 353.

The action spectra and quantum yields for photoreactivable, non-photoreactivable and total
damage caused by u.v. in the RNA isolated from potato virus X differ from those for similar
typ€s of damage in the whole virus. The differences result from the virus proteiD partly protecting
the RNA from damage, and the degree of protection depeDds on the wavelength of u.v. and on
the salt conc€ntration of the irradiated solution. The actioD spectra for the different types of
damage in the RNA all resemble the absorption sp€ctrum of the RNA, but do not exactly
parallel it. The photoreactivable sectors of the RNA and of the whole virus are greater at
290 nm than at 230 nm but, whereas that of the virus increases rectiliDearly, that of the RI{A
has a pronounced mioimum at about 250 nm. At wavelengths longer than 24O nm, the pholo-
reactivable sector of the virus exc€eds that of the RNA, because, at these wavelengths, the virus
protein protects the RNA more against non-photoreactivable damage than against pholo-
reactiYable damago.

7.22 HrRsr, J. M., HDE, G. A., GRrFFrrH, R. L. & STEDMAN, O. J. (1970) Improving the
health of seed potatoes. J/ .R. agic. Soc. 13f, 87-106.

Field insp€ctions have succeeded in freeing potato seed stocks from most virus diseases, but
surveys of tubers show that pathogenic fungi are common on all grades of seed from all arqLs,
although the prevalence of individual ones differs betweeo varieties, years and localities. Tre
firngi that caus€s such diseas€s as skin spot, gangreoe, stem canker and silvq scurf only excep-
tionally decreas€ the yield of ware crops by more than a few per cent, but they also rot tub€rs
and affect quality by causing blemishes or incrcasing the size rarge of tubers.

Some types of loss can be lessencd by palliative treatments, but these do not eliminate lhe
fuDgi. Uninfecred tubers can be produced by rooting stem cuttiDgs, and such tubers are beirg
used to initiate new stocks. However, although the main source of infection is now from ser.d
tubers, the fungi can survive in field soils b€tween suc{€ssive potato qops. Hence, the healthy
stocks need protecting while being bulked to commercial amounts, and there is evidenc€ that this
will be possible by the recently developed systemic fungicides. There s€ems good prosped ,)f
improving the healrh of s€ed tubers, and thereby increasing the yield of ware crops. Howev€r,
with some varieties, some of this increase may be in tubers smaller than ware size.

7.23 JoNEs, F. G. W., CenpsNrER, J. M., PARRorr, D. M., SroNE, A. R. & TRUDGTLL, D, l-.
(1970) Potato cyst nematode: one species or two? Natwe, L,ond. ?21, $-44.

(For summary s€e No. 8.22.)

7 -24 KassAN6, B. & Pru.ups, M. P. (1970) Serological relationship of stains of tobacco
neqosis virus and rheir ability to activate straiDs of satellite virus. l- gen- Virol.9,
tt9-126.

Antisera prepared in rabbits against strains of tobacco neqosis virus (TNV) or satellite vin s
(SY) were most specific itr precipitation tube tests when animals were bled after single intra-
venous injections. In Ouchterlony tests, antis€ra remaitred equally specific after further injection:i,
including one intramuscular injection. However, all antisera and both test methods agreed in
placing the eight strains of TNV tested in two distinctive goups or s€rotypes. The tluee strains
of SV tested differed as much antigeoically from one another as did strains of the two s€rotl.p€s
of Ti.[V, although SVl and SVc were more closely related to each other thatr to SV2.

Some strains of TNV aid the multiplication of SVr and SVz but not of SVc; otheD aid SVc
but not SV1 or SV2. The ability of different strains of TI.IV to aid the multiplication of lhe three
straiDs of SV is cor€lated with their ability to infect tobacco and bean plants, but not their
serological relatiomhip.
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7.25 KAssAN'rs, 8., VrNcq D. A. & WooDs, R. D. (1970) Light atrd electron microscopy of
cells infected with tobacco necrosis and satellite viruses. J- gen. Virol.7, 143_151.

French-bean leaves inoculated with the stipple streak strain of tobacco necrosis virus alone or
mixed with the satellite virus were examined microscopically. Light microscopy showed two
types of inclusion in some living epidermal cells, one hyaliDe, the other granularand containing
small crystals. some cells also contained crystals different in form from those in the inclusioosl
Light microscopy of parenchymatous c€lls 6xed and stained for electron microscopy showed
only one type of inclusion, with smooth appearance. The crystals seen in the living celis were not
found, but some cells from leaves infected with the mixture had areas containing both heavily
stained amorphous material and bodies I to 2 pm across.

Electron microscopy of thirl sections of the same fixed and stained material showed some
cells to contain a structureless, electron-dense material, promioent cytoplasmic membranes and
many vesicles, especially from leaves inoculated with the mixture. The electron-dense material
often 

_c-o,ntained satellite virus in crystalline arrays and sometimes rhombic plates I to 2 pm
long. whenever satellite virus was identified, tobacco necrosis virus occurr.d near to it. iells
infected with tobacco necrosis virus alone had well-defined areas in which the virus w.rs concen-
trated and apparently uncontaminated. These areas correspooded to the inclusions seen in the
Iight microscope. The relative frequency with which particles of the two vi'uses were detected
by eloctron microscopy of leaf s€ctions differed from the relative concrntration of the two
estimated by serological assays on sap extracted from leaves inoculated with the mixtue.

7.26 LApw@D, D. H. & (HERTNG, T. F.) 0970) Soil moisture and the infection of young
potato tuhrs by Streptomyces scabtes (common scab). potato Res.lg,296-3M.

Majestic potatoes planted in soil naturally infested with streptomyces scabies were trickle irri-
gated to prevent infection of tubers except during coDsecutive 7 day periods during the first
eight weeks when tubers were developing (28 May to 23 July).

During each interval without irrigation, lesions of scab affected an average of four intemodes
on the tubers but the later water was withheld, the closer to the apex of tubers was the iofection
at final lifting. The tubers with most area scabbed wele those unwatered between I I and lg June,
the third week from tuber initiation, when the first-formed internodes, which expand more thao
latgr-formed ones, b€came infected.

7.27 LApwooD, D. H., (WELLrNcs, L. W. & RossER, W. R.) (1970) The control of common
scab of potatoes by irrigation. Ann. appl. Biol. 6, 397-/f,S.

Irrigation applied early during tuberisation significantly decreased scab oo tubers of Majestic,
King Edward and Record, but had a small effect on scab-resistant pentland Crown, ;hich
showed little scab even on the tubers from the driest regime. There was little benefit from keeping
soils wetter than 0.6 in. (15 mm) soil moisture deficit (S.M.D.) for more than 3 weeks after tubei
initiation, and an 0.8 in. (20 mm) S.M.D. tr€tment gave economic coDtrol. I[igating only
after the 'marble stage' increased yield but the tube$ were scabbed. Irrigation did not alter th;
rate of eye (node) separation on tubers but made the[ volume increas€ faster.

7.28 SLopE, D. B. & ETHERTDGE, J. (1971) Grain yield ard inciderce of take-all (Ophiobolus
graminis sacc.) in wheat grown iD different crop s€quences. Aru. appl- Biol.6l. (ln
the press.)

The yield of wheat and the incidence of take-all were measured in crops grown in six different
4-year sequences, repeated in three successive years. The first crop of winter wheat grown after
oats or beans yielded 13-23 cwt/acre (1632-2887 kg/ha) more grain than wheat after wheat or
barley. Spring wheat after oats yielded 2-5 s tlaqe (25O 525 kelha) more than spring wheat
aftor wheat. The smaller yields of wheat after wheat or barley were caused mostly by greater
provalence of take-all. Regression analysis indicates that each I % increase in straws with take-all
decreased yield of winter wheat by 0.6f. Take-atl was more prevalent in the second and third
succassiv€ wheat crops after oats than in the fourth crop.
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7.29 SrrpE, D. 8., ETHERTDGE, ,. & (C^LLwooD, J. E.) (1970) The effect of flame qrltivatic'n

on eyespot disease of winter wheat. Pl. Path.19, 167-168.

Flame cultivation of wheat stubble, before or after ploughing, did not decr€ase the incidenoe

of eyespot in July in the following winter wheat crop.

't.3O WILIAMS, T. D. & SALT, G. A. (1970) The effects of soil sterilants oo the c]st-nematode
(Heteroderu qvenae Woll.), lake-all (Ophiobolus gramhis sELCf,) and yields of spring
wheat and barley. Atu. appl. Biol- 66, 329-338-

(For summary see No, 8.29.)

Nematology Dep4rtme

THEsrs

E.l SAN.ros, M. S. N. DE A. (1970) Studies on the reproduction aod sexual behaviour cf
some species of Meloidogyne Goeldi, 1887 (Nematoda: Heteroderidae)' Ph.D. thesis'

University of I-ordon.

Ftr-M

8.2 DoNcAsrER, C. C., Ntm*AI.r, P. S. & BEL F. (1970) Nitrogen fixation in luceme.
London, British Film hstitute.

GENERAL PAPERS

8.3 CoREErr, D. C. M. & WEBB, R. M. (1970) Preliminary nematode population studie;
in continuous wheat undq two systems of cultivation. Pruc. IX ,emationol Neno'
tology Sympotium, Warsaw, 1967, 369-310.

8.4 DoNcAsrER, C, C. (1971) Feeding io plant parasilic nematodes; mechanisms anc

b€haviour, ln. Pla parasiric nematod?s Vol. 2, Ed. B. M. Zuckerman, e, ar. Ne\r'
York: Academic Press, pp. 137-15'l -

8.5 FRA XLTN, M. T. (1970) Morphological variability and the species concept. (Intro-
duction to a discussion.) Ptoc. IXth Intemational Nemarology SymPosium, Warsaw,
1967, 497-fi3.

8.6 FRANKLIN, M. T.0971) Intenelationships of nematodes, w€eds, herbicides and crops.
Proc. lqth Btitish Weed Control Conference, 1970, Yol. 3,927-933.

8.7 FRANKLTN, M. T, 0971) Taxonomy of Heterod€ridae. lai Plan, paratiric nematodes
Vol. I, Ed. B. M. Zuckerman, e, ar. New York: Academic Pr€ss, pp. 139_16l-

8.8 GREN, C. D. (1970) Mating of cyst forming nematodes. Proc. IXth Internariotal
Nenatology Syngosium, Warsab,, 1967, 1E9-191,

8.9 GRrxN, C. D. 0971) Matiog and host findilg bchaviou of plant nematodes. In:
Plorrt parositic e,ratodct Vol.2, Ed. B. M. Zuckerman, et a/, New York: Academic
Press, pp. 247-266.

8.10 JoNFs, F. G. W. (1970) The control ofpotato cyst-nematode. John Curtis 'Woodstock'
I-€cture. .// R. Soc. Arts llE,179-799.

8.ll JoNEs, F. G. w. (1970) How to tackle the potato cyst-eelworm. Fmr Stk Breed.,
April, 39-43, May, 41, 49, 52.
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8.12 Snmnrno, A. M. (1970) The influence of root exudates oD the activity of some platrt
parasitic rcmatodes. hi Root diseases aad soil bome pathogens. (Part Proceedirys
of the lst Internalioldl Congress of Plaat Pathology,Inndon (1968).) Ed. T. A. Toussoun,
e, a/. Berkeley and Los Angeles: Universiry of California Press, pp. l3r+-137.

8.13 STGPHERD, A. M. & CLARKE, A. J. (1971) Molting and hatching stimuli. ID: P/ar,
parasilic nerratodes Vol. 2, Ed. B. M. Zuckerman, 

"r 
a/. New York: Academic Press,

pp. 267-287 -

PAPER TN RoTHAMSTED REPoRT, PART 2
8.14 WHIEHEAo, A. C., DuNNrNc, R. A. & CooKr, D. A. (1971) Docking disorder and

root ectoparasitic nematodes of sugar b€et. Rep. Rolhamsted exp- Sh fot 1970, Part 2,
2t9-236.

Ectoparasitic nematodes, esp€cially spe,,ies of Trichodorar (stubby root nematodes) aod lorEi-
dorus (r,edle nematodes), feed on and damage the root tips of sugar beet; Docking disorder
is the poor growth of sugar beet resulting from this primary damage. Yield loss does not depend
only on the number of nematodes in the soil, but also on other interacting factors, esp€cially
soil structure and railfall, which affect the numbers and activity of the oematodes, the nutrients
available to rhe seedlings and the vigour of root gowth. Modem cultural practices, especially
the use of herbicides and drilliog to a stand, probably increas€ the prevalence and severity of
Docking disorder. Approximately 20 000 acres of sugar beet suffercd from Docking disorder in
1969, at an estimated yield loss exceeding 50 000 tons of roots. Damage can be alleviated by
replacing the nitrogen lost by leaching, and it can be prevented by nematicides. FumigatiDg all
the top soil with 'D-D' or 'Telone' kills nearly all the nematodes and greatly increas€s the yield
of sugiar boet and olher crops in the rotation, but is expensive. Small amounts of fumigant or
systemic nematicides applied to the sugar-beet rows at or before sowing kill most of the nema-
todes in the rows, or prevent them from feeding on the roots, allowing the seedlings to glow
vigorously, and can gxeatly increas€ yield.

RFSEARCH PAPERS

8.15 CLARKE, A. J. (1970) The composition of the cyst wall of the b€et cyst-oematode
Heterodera schachtii. Biochem J. ff8, 315 318.

Cyst walls of the beet cyst-nematode (Ileterodera schachlii *hmidt) were oblained by sieving a
suspcnsion of crushed cysts; about 15 mg of dried cyst walls was obtaioed from 1000 cysts. The
cyst walls cootained 6rl protein calculated from nitrogen content. Glutamic acid, glycine,
proline and hydroxyproline made up about 54 % by weight of the amino acids obtained on acid
hydrolysis. Minor constituents of the cyst wall were hexosamine Q'3%), lipid (6%), carbo-
hydrate (2 Z") and phenols (21). The hexosamiDe was identified as galactosamine. The cyst walls
contained inorganic material (ash I 7 %), most of which was extractable with EDTA, but not with
water. Major inorcanic components were calcium and phosphorus (1 7 % and l 5 % respectiv€ly,
by weicht). Carbon dioxide (about I % by weight) was liberated from the cyst walls on acidifi-
cation. The cyst walls of If. schachtii ar].d the potato cyst-nematode (Heteroderu rostochiensis)
coDtained differ€nt amounts of the same amino acids. They also differed in their inorganic
content and in the nature of the hexosamine present.

E.l6 CoRBEm, D. C. M. (1970) Root lesion nematodes (Prorylenchus spp.) in Britain and
their identificalion. Pl. Path- 19, 59-64.

A key is given, with &awings and des€riptions to identify the followtng spe,,i6 of Prutylenchus
r€corded in Britain: P. convalla ae, P. crcnatw, P. fallax, P. fakkensis, P. minyus, P. penetrans,
P. pingaicaudatus, P. pratensis, P. thor^ei znd P- vulnus.

8.17 EvANs, K. (1970) Longevity of males and fertilisation of females of Hetercdera rosro-
chiensis - Nematologica 16, 369-31 4.

After emerging from roots, H. roslochiensis males remained active for 9 or l0 days whether
females were present or not. Females aitracted males up to 15 cm away, but when isolated
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remained fertilisable for at least 40 days beyond the time wh€o they would normally be fertilised.
When allowed to mate on plants, some females were fertilis€d as soon as 24 days after the roots
were invaded by the larvae. Very young females seemed able to store enough sperm to fertilis€
all their eEgs. Most females were mated soon after they ruptued the root cortex and within
a few days of males beginning to emerge. All females were mated within 50 days of roots be ng
invaded.

8.18 EvANs, K. (1970) The effects of gamma radiation on Heterodera rostochierlsis. Nema'
tologica 16,28+294.

All stages of /l. ro$tochiensis were exposed to dos€s of up to 64 kilorads of Samma radiation.
Exposing cysts to potato root-diffusate made them more sensitive to radiation than air-dried
cysts. Irradiation of larvae had no effect on their activity, but irradiation ofeither cysts or larlae
impaired development of the Fr generation. l,arger doses were required to affect the fertility of
aduhs, and females were more susceptible than males, probably because the primary oocy.es
continue dividing after mating, whereas all the sperm is formed by the time the males le3ve the
roots. Larvae from irradiated cysts competed poorly with those from unirradiated cysts whgn
potato plants were inoculated with mixtures of the two,

8.19 FsHER, J. M. (1970) Growth and development of Aphelenchus averae Baslian, l8(5.
Aust. J- biol. Sci- 23, 411419.

Increases in length and breadth of lartae of Aphelenchus ovenae followed a roughly sigrnoid
pattern with plateaux repres€nting the motionless phases of moulting. Duritrg these phases

length decreased slightly, resulting in withdrawal of the head and tail from the old cuticle, and
increased again as movement was resumed after the moult.

It was not always oecessary for a larval stage to feed and increase in size before it could mou.t.
The crucial time in a stage was wheo moulting could occu without further feeding. The pericd
bcfore rhis depended on the previous feeding of the larvae; the period sp€nt io a stage after-
wards was coostant. Growth of the gonad was related to this control stage and occurred without
feeding, though faster when the larvae had fed. Size ofadults depended partly on the amouDt of
feeding between the time when moulting could fust occur and the onset of the motionless phasr.

8.20 cowEN, S. R. 0970) Observations on the fecundity and longevity of Tylenchrc
enargihatus on Sitka spruce seedlings at different temperaturcs- Nemalologica 16,
267-272.

Tyleachus enurginarzJ fed and reproduced on Sitka spruce seedlings growing in water agz r
without obviously damaging them. Temperature changes between 10"-25"C affected the rale
eggs were laid and longevity of the nematodes but not the total viable eggs produc.ed. The
generation time at 25"C was between 5 and 6 days. Nematodcs did not reproduc€ at 30"C cr
colder than lo'C aDd eggs failed to hatch after ircubalion at thes€ temperatures. T. errargitatLs
can rarely reproduce in the field betw€eD November and April and probably overwinters as
juvenile and adult stages.

8.2\ GREEN, C. D., GRrE-r, D. N. & Jor\Ts, F. G. W. 0970) The influenc€ of multiple matin.,
on the reproduction and genetics of Hetercdera rcstochiensis arJd H. schachlii. Nemo-
tologica 16, 309-326.

Femalq of lleterodera rostochiensis Woll. emHded in agar or peat were inseminated mon:
readily than in sand. Females removed from their host plants with small pieces of root attached
lived longer and produced more eggs than those taken from roots. Males of If. rcstochiensi.t
attracted each other slightly but were much more strongly altracted to females. When females
were in groups, males at a distance responded to the groups as a whole, rather than to individuals,
but when near to the group they lended to bc 'captured' by a single female near the edge of th()
group. Males of E- tostochiensis atr:d H. schachtii Sch. s€emed able to iDseminate up to terr
females. FecuDdity depended more on the age of the females when taken from the roots thar
the number of males that ins€minated them.
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Kort's results from single<yst cultures seems ro fit the hypothesis that the ability of some
lawae of E. rottochr'erJri to b€com€ females in the roots of eelworm resistant potato€s depends
on a recessive gene occurriDg infrequently. Multiple mating would cause more diversity of
genes in the offspriDg of one female. Grouping of females on roots enhances their attractivenes
and, as males leave females they have recently mated, Iess attractive females have the opportunity
of being fertilised.

8.22 JoNEs, F. G. W., CARPENTER, J. M., PARRorr, D. M., Srowr, A. R, & TRUDGTLL, D. L.
(1970) Potato cyst nematode: one sp€cies or two? Nature, Lond. Zn,8H,4.

Differences in measurements, in the colour of the females, in host ranges atrd inability to inter-
br€ed suggest that the so-called pathotypes B arid E of Heteroderu rcstochiensis are a distinct
species from pathotype A. As pathoryp€ A, the golden nematode, occurs in the type locality and
is therefore st ctly fl. tostochiensis, both species treed to be redescribed and the new species
needs a specific name.

8.23 PARRoTT, D. M. & TRUDctr L, D. L. (1970) Variations in the t€*,istutrf,- to Eetercdera
roslochiensis of potatoes derived from Sololum tuberosum ssp. ondigena a\d S- muhi
dissectum. Ann- dppl. Biol. 6,385-391.

The proportion of larvae from ten populations of Heterodera ro$tochiensis Woll. that become
female was determined on five potato clones containing gencs for resistance derived from
S. tuberosum ssp- andigera, on three with genes from S. multidissectum and oo four with genes
for resistance from both sources. Variations in the resistance of the clones bred ftom oadigena,
especially to two of the populations, suggest the pres€nce of more than one gene for resistance.

8.24 TRUDGTLL, D. L., PARRorr, D. M. & SroNE, A. R. (1970) Morphometrics of males and
larl/ae of len l{eterodera rostochiensis populations and the influence of resistant hosts.
Ne mato log i ca 16, 410416.

Pathoq?e B aDd E lanae of II. rostochiensrb differed from those of pathotyp€ A in having longer
stylets and geater distances between the median bulb and the excretory pore. A populatioD
from Bolivia resembled pathotyf,e A, but reproduced on ex atdigena potato hybids.

8.25 WIITEHIIAD, A. G., FRasER, J. E. & GREET, D. N. (1970) The effect of 'D-D', ctdoro-
picrin and previous crops on numbe$ of migratory root-parasitic nematodes and oD
the gro*h of sugar beet and barley. Ann. appl. Biol. 6, 351-359.

Thirty-thrc€ gal'D-D'or chloropicrin/acre (371 l/ha) injected duriDg winter ioto well-drained,
sandy soils controlled Inngidorus attetuatus, Ttichodotus spp. a\d other migratory root-parasitic
nematodes aDd geatly increased yields of sugar b€et for at least 3 years; 2 years of bare fallow
was less effective than soil fumigation. Tichodorus spp. multiplied more on sugar b€et than on
barley, whereas l,. artenuatus multiplied more on barley and clover than on sugar b€et.

8.26 WHnEHEAD, A. G. & HoopER, D. J. (1970) Needle nematodes (Longidorus spp.)
and stubby-root nem alod(F (Trichodorus spp.) harmful to sugar beet and other field crops
in England. Ann- appl. Biol.65,339-35O.

Longidorus attenuatus produces galls at the tips of roots of field crops, including sugar beet,
growiflg in alkaline, sandy soils in eastern EnSland. Z. elongotus ptodufrsf similar, but ofteo
larger, galls on the roots of sugar beet and other crops in sandy soils in the W. Midlands and
in Fen peats- Ttichodorrs spp. cause 'stubby root' of sugar beet and can feed on many field crops.
Seven species of Trichodorus were found in sandy soils in eastern England. I. attenuarus,
L. elotgatus andTrichodorus spp- agglegale around roots and stunt sugiar beet and other crop
pla\ts. L. attenaatus is commoner below plough depth than io the topsoil, whereas 7. cylindricus,
T. pachyderrur arjLd T. anemones are more abundant in the ropsoil. Thes€ nematodes cause
some forms of 'Docking disorder'.
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8.27 Wnrrrnreo, A. G., TIm, D. J. & FR sER, J. E. (1970) The eflect of small doses of
nematicides on migratory root-parasitic nematodes and on the growth of sugar b€et and
barley in saudy soils. Am. appl. Biol. 6,361-375.

smaller amounts of 'D-D' (6-12 8al/acre) (68-135 l/ha) or ethylene dibromide (9 gal/acre)
(lOO l/ha) than are customarily used to disiofest freld soils killed many root-parasitic nematod,:s
(Trichodorus, Pratylenchus, Tylenchorhynchus and Inngidorus auenuatus) when injected ffi i1.
(15-20 cm) deep during early autumn in rows 10 in. (25 cm) apart in well-drained sandy soils.
They also increas€d the yield of sugar beet g;rown in fields infestdwithTtichodorus or longidon$
attetuatus, without affecting sugar perceDtages or juice purity of the roots, and in some pla@s

increased the yield of barley grown after the beet, 'D-D' was much less effectiYe when inject€d
8-12 in. deep during late autumn or winter. IncreasiDg nitrogen dressings to the s€edH frotn
1.5 to 3 cwt/acre (188 to 376 kg/ha) increas€d sugar-beet yield in one field, decreased it in
another and decreased juice pudty in both. In two other experiments extra nitrogen did not affe{:t

sugar-b€et yield.
Even smaller amounts of nematicides 'placed' in the rows, before or after sowing sugar b€{:t

in them, killed many of the nematodes and also increased sugar yield. Ph)'totoxic nematicides

can be placed io the rows duriDg autumn, winter or spring but placement is simpler during sprinl:,
when the tr€t€d rows are indicated by the position of the mark of the tractor wh€els left whe l
the nematicide was applied. When applied during autumn or winter, the rows need to be indi-
cated by dritling wheat or grass.

8.28 wILLrAMs, T. D. (1970) Batley s€gregates resistant and susceptible to the cereal cyst-
t]f;,matode (Heteroderu awnae Woll.). Ann. appl. Biol- 66,339-346.

In the 6rst year of this exp€riment both nematode-resistant and susceptible segregates of sprinl;
barley were equally invaded by lfeterodera av.Enae laraae, but few females developed in tht:
roots of the resistant plants and eg€s in the soil were fewer after the resistant crop. In the secood
year, a commercial, nematode-susceptible variety yielded signifrcantly more grain following tht:
resistant s€gregate. The resistant s€gegate, deived from Hordeum pallidum var. l9l, suppress€i,

the deyelopment of fle terodera avenae palhotypes I and 2 [British nomenclature] and should bt
useful in areas where thes€ palhotypes predominate.

8.29 Wtr-uAMs, T. D. & SALT, G. A. (1970) The effects of soil sterilants on the cereal cyst-
nematode (Heterodera avenae Woll.\, take-all (Ophiobolus grominis Saq.) and yields oI
spring wheat and barley. Ann. appl- Biol- 66, 329-338-

In a 3-year field experiment on sandy loam at Woburn, methyl bromide, chloropicrin, 'D-D'
mixture, dazomet, formalin and mercury salts were applied in the first year only, or io the first
and second year, b€fore drilling spring wheat. In the third year, their residual eff€cts oD spring
barley were measured. All sterilants except mercury decreased c€real cyst-nematode (Heterodera
avetae) tumbers and tak+all (Ophiobolus graminis) incidence, and increased crop yields in the
ycar they were applied. Dazomet gave the best control of H. ovenae in lhe fiIst year and con-
trolled O. graainis best in both yeaE of application. In the third year, O, gruninis increlltrd in
all plots previonsly treated (except after two successful 'D-D' treatments), b]ut H- avenae in'
creas€d only after formalin. Two formalin applicalions more than trebled the H- awnoe egg
count by the end of the third y€r aBd depress€d the yield of barley. Two successive applications
of chloropicrin gave the best nematode control.

Other fungus dis€as€s, Frsar,rrrn foot rot, Pylhium root rot, eye-spot (Cercosporella herpo-
,tichoides Fron.\ a,nd sharp eye spot (.R izoctonia $oldti Kilu],), were uncommon and sterilants
had no detectable effects on them. The largesl agigregate straw yield (3-year total) was obtained
from two applications of dazomet, but the best yields after teatment in the first year only were
given by 'D-D' and methyl bromide.

8.30 YEATB,G. W. (1970) The diversity ofsoil nematode faunas. Pedobiologia lO,lM-101-
B€sides information on feeding biomass and rcspiration, fautral lists are necessary to indicate
the relative importarce of the sp€cies of soil nematodes. It is suggested that sp€cies be listed io
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order of d€caeasing abundance and that the total oumber of species, the few6t sp€ci€s rcquircd
to comprise 751 of the fauna and the number of species comprising at least 294 of the fauna
bo noted. Five faunas from the Orkney Islands are pr€sent€d in this way. Thirty-six nematode
faunas from natural or near natural terrestrial habitats are analysed and contain an averagp of
24 species of which six are required to comprise 75 f and nine spocies comprisc ar lensl 2)1 of
the fauna.

Insecticides and Fungicidcs Deportnent

GENERAL PAPERS

BuRr, P. E. (1970) Biophysical aspocts of nervous activity i! rolation to studies on the
mode of action of ins€cticides- Pesticidc Scietce. l, 88-92-

CALrrw, R. K. (1970) Pheromones. M&B Laborutoty Bulletin, l:r., iii, 4345.

GRAHAM-BRYCE, I. J. & BRrc,cs, G. G. 0970) Potlution of soils. R.I.C. Reviews 3,
E7-t04..

GRAHAM-BRYCE, I. J. & ETmTDGE, P. (1970) Influence of soil factors on uptake of
systemic ins€cticides by plants. Proc. VII i,,,t. Congr. Plalt Prorection, Paris, September
1970,136-138.

McIN.rosH, A. H. (1970) Testing chemicals for control of potato common scab. Proc.
VII int. Congr. Plant Prctection, Pais, Seprember 1970, 389-391.

NEEDHAM, P. H. & SrnENsoN, J. H. (1970) Bees in aericultue. Boe poisoning in 1969.
Bee World 51, 62.

SrE\rNsoN, J. H. (1970) Field ass€ssment of pesticide poisoning on honeybees (,{pi.r
nellifera). Ptoc. VII inr. Congt. Plan, Protectiot, Pais, Seprembet 1970,7W-7El-

RESIARCH PAPERS

9.8 ARNor-D, A. J. (1970) A measured volume dispeoser for watering plants. ,. ax'ric.
Engng Res. 15, 323-324.

Arl apparatus is d€scribed that dispenses preset volumes of water or nutrients to plants in pots.

9.9 B.ruxs, C. J. & NEEDH M, P. H. (1970) Comparison of the biolow of Myzus persicae
Sulz. resistant and suscoptible to dimethoate. Ana. appl. 8io1.6,465468.

Aptercids Myzus persicae t6ista\t to dimethoate reproduce for the same length of time as

susceptible aphids, but the resistant otres rcproduce sigxrmcantly faster during the first 10 days
of adult life (especially dudng the first 5 days). Thereafter, they reproduce more slowly, aod
evellually the susceptible aphids produce approximately the same number of lariae. Resistant
aphids die significantly younger. Resistant aphids as larvae develop faster than susceptible ones

and are significantly heavier when they first b€come adult. The resistant aphids do not excrete
faster during the first few days but, as they produce more larvae dudng the fiIst l0 days of adult
life and have developed faster, they probably f€ed faster during developm€nt and early adult
life or obtain more nutritious food.

Resistatrt aphids were at least as effective as susceptible ones in traDsmittitrg sugar-beet
mosaic and pea mosaic virus€s, and plants showed symptoms sooner wheq resistant aphids wero

the vectors.
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9.10 BuRr, P.E. & GooDcHLD, R. E. (1971) The site ofaction of pyrethrin I in the nervous
systom ofthe cockroach Pe planeto america aL. Ent. exp- appl.14. (Io the press.)

Neurophysiological techniques were used to assess the effect of plrethrin I on conduction of
action potentials in giant fibres and on the amount of spontaneous activity in sixth abdominal
ganglia ofadult male cockoaches (Per?laneta americata L-\. In tests on isolated nerve pnepaxa-
tions, concentrations of pyrethrin I less than lO-lM had little effect on giant fibres whereN
concentrations as small as l0-10M affected the amount of activity in the ganglia. GiaDt fibres
from cockroaches previously treated topically with LD95s of pyrethr:in I were hardly affectrd
l-4 hours after poisoning, when the insects were s€verely affected, but the amount of activity in
sixth auominal ganglia at this time was greatly increas€d. Some intra-gaoglionic neurons are
therefore much more susceptible than giant fibre axons to poisoning by pyrethroids, which
sugg€sts that the fatal lesions caused by pyrethroids probably occur within the ganglia rath,lr
than in peripheral nere.

The effects of pfethdn I on giant fibres resembled thos€ desqib€d by Narahashi (1962) for
allethrin, but plrelhrin I was about 30 times more active.

9.ll (CASIDA, J. E.), EI,uorI, M., (KrMr,GL, E. C.) & JANES, N. F. (1971) Oxidatn€
metabolism of pyrethrins in mammals. Nature, Land- 2!O, 326.

The botanical insecticidal esters, pfethdns I and II, are rapidly degrade.d by oxidation of tte
,rani-methyl group of the isobutenyl side in pyrethdn I, hydrolysis of the melhoxycarbon:,,1
group in pyrethrin II, and oxidation of the pentadienyl goup in both pyrethrins, as determined
by oral administration of 1€- aod $H-labelled compounds to rats and characterization (,f
exfieted metabolites by nmr and mass spectroscopy. The related syDthetic insccticide, allethrin,
is metabolised similarly. Rapid metabolism may explain the small toxicity of pfethrins and
allethrin to mammals.

9.12 (Cx.ouan, L., ELLS, J. A., Pa'r-TENDEN, G.), Elrrorr, M., JANTS, N. F. & JEFFS, K. A.
(1971) Oxidative dimerisations of natural rethrolones and related compounds using
manganesc dioxide. l. Chem- Soc. (C). 9-13.

Oxidation of allethrolone and naturally derived pyrethrolone with manganes€ dioxide under
coDtrolled conditions gives the correspotrding diones. Under more vigorous conditions oxida-
tions lead to novel tetraooo dimers. Cinerolone and jasmololone are similarly oxidised b/
mangan€se dioxide ro the corresponding diones but seem not to give rise to tetraone dimeri,:
products.

9.13 ELLroTr, M., Forp, M.G. & JANTS, N. F. (1970) lnsecticidal activity of the pf€thrin i
and related compounds. Ill.-Penetration of pfethroid insecticides into mustard
betles (Phaedon cochleariae)- Pesticide Science \ 2m 223.

Substituted b€nzyl cbr,santhemates are lost from the surface of Phaedon cochleariae Fab. al
rates correlated with thei! toxicities to this ins€ct, less toxic compounds in general b€ing lost
faster. The forms of the penetration curves are explained by a model system in which movemen:
iDto the ins€ct is eventually balanced by detoxification, and relative detoxification rate6 for th(:
members of the series of compounds are deduced from this model. Such values assist interpreta-
tion of relations b€tween structure and activity by indicating to what extent susceptibility to
detoxification limits the potency of the less toxic compounds.

9.14 ELLrorr, M., JAr\Es, N. F. & JErFs, K. A. (1970) The pyrettuins and related com.
pounds. X. The methylbenryl chrysanthemates. Pesricide Science 1,49-52.

New or improyed routos are used to prepare all the 19 methylbenzyl chrysanthemates, including
2,4,6trimethylbenzyl (+) and (->rra$-chrysanthemates, 2,3,4,6retramethyl- arld 2,3,4,5,6,-
p€DtamethylbeEzy cbrysatrthemates, and the chrysanthemates of the new alcohols, 2,3,5- and
3,4,s-trimethylbenzyl alcohols.
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9.15 ELLrorr, M., JANES, N. F. & PAYNE, M. C. (1971) The pyrethrins and related com-
pounds. XI. Synthesis of insecticidal est€rs of +hydroxycyclop€nt-2-€nones (nor-
rethrins). ./. Chem. Soc. (C). (In the press.)

2-B€nzylcyclopent-2€nones, obtained by rearrangpment of the corresponding benzylidene-
cyclopentanooes, arc brominated by N-bromosicciDimide at the +position; the products
upoo treatment with silver chrysanthemate give new analogues of the natural pfethrins.

9.16 ELLrorr, M., JANES, N. F. & PEARSoN, B. C. (1971) The pfethrins and telated com-
pounds. XII. 5-Sub6rituted 3-furoates and 3-thenoales, intermediates for synthesis of
iDsecticidal esters. !. Chem. Soc- (C). (In the press.)

Chloromethylation of 3-furoates, followed by Friedel Cmfts reaction, gives 5-aralkyl-3-furoates.
Such compounds and the corresponding 3-thenoates are more conveniently synthesis€d by
condensing the ethylene acetals of 5-substituted leiulioic esters with ethyl formate. The resulting
2-formyl4-oxoester derivatives are cyclised directly by aqueous acids to give furans and by phos-
phorus p€ntasulphide to the coEesponding thiophens.

9.17 ELLto.rI, M., (KTMMEL, E. C. & CAstDA, J. E.) (1969) 3H-Pyrethrin I and -pyrethrin II:
preparatioD and use in metabolism studi6- Pyrerhrum Post 10, No. 2, l-6,

The ins€cticides pyrethrins I and II labelled with 3H in the alcohol and of high specific activity
are prepared for investigations of their degadation, metabolism, and mode ofaction. In rethro-
lones such as (+>allethrolone NMR spectroscopy shows that io deuterium oxide containiog
KzCOr six protoDs (I1O, CHzCO ar,d CH3) are rapidly replaced by deuterium without attack
at the C4 asymmetric centre. 3H-(+).ryrethrolone is obtained under comparable cooditions in
tritiated water and esterified with oatural chiysanthemic and plrethric acids to give optically
pure 3H-pyrethrin I and 3H-pyretbrin II, respectively. In studies with mixtures of sH-alcohol- and
1ac-acid-labelled pyrerhrin I incubated with house fly and rat liver mixed-function oxidase
systems, the major metabolites have the same 3H ; lrc ratio as the substrate us€d, indicating that
hydrolysis of the ester and exchange of lH are not significant reactioDs.

9.18 GRAHAM-BRYCE, I. J. (1970) Polarography of demeton, disulfoton and phorate.
Pe st icide S cierce l,'l 3-7 4.

The polarographic response obtained when demeton-s, disulfoto[ and phomte, in 2)1 tefia-
ethyl ammonium hydroxide, were investigated using a cathode ray oscilloscope polarograph
depended considerably on the interval between making up solutions aDd measurement. Direct
evidence coofuming previous suggestions that this type of behaviour is from hydrolysis of the
original insecticides to polarographically active SH-cootaining compounds was obtained by
measuring the disappearanc€ of the original ins€cticides from the solution by gas-liquid chromato-
graphy, and by investigating the behaviour of the hydrolysis product for demeton-S aod di-
sulfoton synthesised by an independent route. Measuremeuts of electrocapillary curves, and
other lines of evidence, indicate that the electrode process involves adsorption/desorption at the
mercury drop. The results emphasise that conditions must be carefully standardised when
polarography is us€d to estimate these ins€cticides.

9.19 GprcoRy, G. E. (1970) Silver staining of insect central nervous slstems by the Bodian
protargol method. Acta Zool., Sroc&r.51, 169-178.

Facto$ that control staining of paraffin sections ofcrntral nervous system ganglia it Peripla\elq
omeic@a (L-) atd Schistocerca gregaria Forsk. by the Power double-impregnation version of
the Bodian protargol silver technique were analysed. Fixation of the tissue, copper content and
pH of the protargol solution, duration of impregnation, and developer composition all influence
ihe intensiiy, colour and selectivity for nerve fibrcs of the stain by affecting the two fractions of
silver, reduced and unreduced, depositcd in the s€ction during impregnation. The factors intemct
so that similar staining can result from different combinatioDs of conditions. Suitable conditions
are suggest€d for almost total stainiDg of nerve fibres or highly selective staining for ttacitrg

individual fibres.
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9.2O GRrrrrrHs, D. C., I,RD, L A. & SCIII, c. C. (1970) Some experiments with differ€nt
formulations of organophosphorus insecticides as seed dressings to control Wheat Bulb.
fly (Leptohylemyia coarctata). Pesricide Science 1,34.

Experiments on the control of wheat Bulb fly larvae by s€ed dressings compared four organc-
phosphorus compounds in standard siliceous earth formulations with sp€cial formulations cf
the same compounds in polyvinyl acetate, polypropylene or wax. The sp€cial formulatiorrs
allowed more insecticide to be placed on the s€eds without affectitg germination. Counting
shoots damaged by Wheat Bulb fly larvae showed thal: siliceous eanh formulations of diazincn
gave good control which was not improved by special formulations; control with siliceous ean h
formulatioDs of dimethoate was poor and was improyed only little by the sp€cial formulation;;
control with siliceous earth formulations of parathion and dichlofenthion was moderate and
was improved by special formulatioDs, especially polyvinyl acetate and polypropylene. The
results suggest that sp€cial formulations are of most value with compounds that are moderately
effective but where the amoutrt of ins€cticide in standard seed dressings cannot be ioreas€d
without damaging the plants.

9.21 GR.ErrrHs, D. C., Scorr, G. C., (MASKELL, F. E., MArrnAs, P. L. & RoBERrs, P. F )
(1970) The efrects of known amounts of 7-BHC and organophosphorus seed dressings
on gowth of wheat seedlings and on attack by larvae of whcat bvlb fry (Izptohylemyia
coqrctata (Fall.)). Pl- Path.19, lll-118.

Six trials were done during three years (196fu9) in eastern England to study how known amounts
of ins€cticidal s€ed dressings affect the gowth ofwinter wheat and the s€verity of attack by Whea t
Bulb fly larvae. In the first two years 7-BHC dry dressing was applied to s€eds previously treate(l
with a liquid organomercury fungicidg but in the third year seeds were dressed with p,owderri
containing fungicide mixed with the insecticides 7-BHC, chlorfenvinphos or ethion. Analysirl
using gas-liquid chromatography showed that the ethion + fungicide drGsing stuck to tho
seeds much b€tter than the chlorfeDvinphos * fungicide drcssing or either formulation or'
7-BHC. Some ethion 7-BHC and cNorfeovinphos later fell off the seeds, the exact amounr
depending on the method of drilling. Small amounts of ins€cticide, less than about l0 pg/seed
of rBHC or less thaD about 15 pg/seed of the organophosphorus compounds, were ineffectiv€
against Wheat Bulb fly. Increasing amounts of all thee ins€cticides progressively decreased the
percentage of damaged shoots and the percentage of plants with live larvae, but more of th€
organophosphorus insecticides, especially of ethion, was usually needed to give the same protec-
tion as /-BHC. No s€ed treatmeDt damaged seedlings in trials on peaty loams or sandy clay
loams, but s€eds drcss€d with the standard amount of liquid organomercury fungicide and
s€veral different amounts of 7-BHC dry dressing germinated poorly io the sandy loam soils.

9.22 GRErnHs, D. C. & WALKER, N. (1970) Microbiological degradation of parathion.
Meded. Facultei, I4ndbouw-Weterschaffen Gezl. 35, 80S{10.
(For summary s€€ No. 4.13.)

9.23 Mclr\"rosH, A. H. (1970) Tests of dibutyltin compounds as potato blight fungicides.
Ann. oppl- Biol.6, ll5-118.

Dibutyltin dicarboxylates were about one-tenth as effective as fentin acetate in controlling potato
haulm blight (Phytophthora infestat$') in labomtory tests on detached leaflets, but were less
phytotoxic. Tributyltin acetate was no more effective thaD dibutyltin diacetate; dioctyltitr
dichloride was ineffective.

9.24 McINrosH, A. H. (1970) A glasshous€ method for testing chemicals for cootrol of
polato commoD scab. Porato Res.13,24l-247.

Plants of scaususceptible varieties (Majestic or Maris piper) were gro\+! in pots in the glasshouse
in field soil inf€sted with.t. Jcarrler, with or without added chemicals; the stolons were confined
lo the top 4 cm of soil by a buried layer of 'TeryleDe' net aDd the plants, when well rooted, q/ere
watered from saucers only. Tubers became heavily scabbed in untreated soil.
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Results from comparative glasshouse tests and 6eld trials of seven chemicals agreed well oo
both scab-control and yield. The glasshouse method was quick (8 weeks or possibly lcss) aod
could be us€d throughout most of the year.

9.25 NEEDHAM, P. H. & S^wrcKr, R. M. (1971) Diagnosis ofresistanc€ to organophosphorus
ins€cticides it Myzus persicac (Sulz-)- Nature, Lond-L10,125.

The cross-resistatrce aDd ali-€sterase activity of several sfiains of Myzus peruicoe, resistant to
organophosphorus ins€cricides, is described. The ali-esterase activity is correlated with the
degrea of resistance and differs from that of houseflies.

9 .26 Pr -r-ps, F. T. (1 97 1 ) Mathematical models as aids in undefitanding weathering
process€s of pesticide deposits. Proc. VII int- Congr. Plant Protection, Paris, Septerter
t970,15|U_-75t.

Loss rates of organochlorine insecticides were measured when aldrin and dieldrin crystals were
allowed to volatilise under different conditions and when DDT wettable powder formulations
were 'rainwashed' from different surfacas. Four models of cquations of exponential t5.p€ were
applied to each experimental r€sult, and the parameters of the equatioos were chosen by com-
puter to give the b€st fit to the experimeDtal plotled points. In the volatilisatiotr studies, the best-
fitling model depended on the type of surface Glass or leaf) and on the porosity of the surface
when nnder difrerent humidity conditions. In the 'rainwashing' studies, double exponential
models gave the best fits on all surfaces, showing that two simultaneous process€s were occurritr&
probably the impaction effect of water droplets on the more friable parts of the deposits and the
longer term effect of particle-w€tting before suspeqsion or solutioD.

9.26 Plxl-ups, F. T. & GILHAM, E. M. (1971) Persistencc to rainwashing of DDT wettable
powdets- Pesticide Science. (ht the pross.)

A mixture of amine stearates ('LOVO', a proprietary product of Fisons Ltd) greatly diminished
the amounts of DDT removed by 'rainwashing' deposits of wettable powders on glass or cotton
leaf surfaces. The age and density of the deposit affected retention less, Rates of loss by 'rain-
washing' from both types of surface could be described in general terms by double exponential
equations.

The initial rate DDT penetrated into cotloo leaves, but not the amount that penetrated after
s€veral weeks in the laboratory at 20'C, was influenc€d by the pres€nc€ of 'LOVO' in the spray
suspension. The proportional amounts, and the total amounts, of DDT that peDetrated from
these uoweathered deposits depended on the deposit density.

9.2E SawrcKI, R. M. (1970) Interaction betwe€n the factor delaying p€netration of ins€cti-
cides and the desethylation mechanism of resistanc€ in organophosphorus-resistant
houseflies. Pesticide Science l, 8+87.

The desethylatioD (gpne a) and penetration delaying (r'a) facto$ of resistanc€ to organophos-
phorus ins€cticides isolated by genetical methods from the diazinon-selected SKA strain of
houseflies (Mzsca /orrvstica L.) were inbred into a strain whos€ resistance was compared with
that of flies with single factors of resistanc€ and the SKA strain. Pez alone decreases kill margi-
nally, and gpne a alone raises LDso to l'4-48 times that of susceptible flies, depending on the
ins€cticide. The two factors together increase r€sistance greatly to many orgarophosphorus
ins€cticides (up to 5-10 times or more to diazinon, malathion-ethyl and chlorthion€thyl lhan
of flies with gene a only) indicating that the two factors interact. Interaction is greater against the
thionates than the corresponding phosphates, probably because pe, delays entry of thionates
more thar of the corresponding phosphates. The role in resistance of each factor when hetero-
and homozfgous, and the reasons for interaction, are discuss€d.
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9.29 SawrcKr, R. M. (1971) IoteractioD betweeD factors of resistance in a strain of houre-
flies polygenic for resistance to organophosphorus iDs€cticides. Proc. VII inr- ConL,t-
Plant Prorection, Patis, September 1970, 808-811.

Hous€flies of the SKA strain are very resistatrt to organophosphorus ins€cticides because cf
their three mechanisms of rqsistanc€, viz. delayed pen€tration, desethylatioo and microsomal
detoxicatioD. Singly these mechanisms confer little or no resistaoc€. When desethylation a d
delayed penetration are together, they ioteract to give skong resistance-much gr€ter thaD lhe
sum or product of each factor singly. Desethylation and microsomal detoxication when togeth:r
do not interact but act indep€ndently aDd total resistance equals the product of individual
resistanc€s. This shows that in iBsects with polygenic resistanc€ neither rhe likelihood nor the
degree of resistaoce agaiDst iDs€cticides cao be predicted.

9.30 SAwrcKr, R. M. & I,RD, K. A. 0970) Some prop€rties of a mechanism delayirLg
peuotration of ins€cticides into houseflies. Pesrr'crde Science, 1,213-217-

The penetation of insecticides into houseflies, with and without the factor that delays penetrn-
tion, was studied by measuring the amounts of the insecticides on the surfacc of the fli€s at
intervals after treatment. The factor slowed the entry of all the insecticides tested, but its effq:t
depended on the dose, and had little or no effect when the dose applied was big (20 pglfly).
Peoetration in all strains, susceptible and resistant, increas€d but not proportionally to the sirie
of the dose. The rate ins€cticide was lost from the surfaco slowed with time and increasing
age of the ins€cts. It was laster in mal€s than females, and was always fasler in flies without the
penetratioD factor, The differences io penetration between the flies with aod *ithout the fact(,r
was Iess with n-dodecane as solvent than with acetone.

with all strains, rate of loss from the surface was slowest with dieldrin, Diazinon, parathioo
aud chlorthion-ethyl were lost at about the same rate; diazoxo[ penetrated fastest.

Entomologr Department

BooK

EDwARDS, C. A. (1970) Petsi$tent pesticides in the ewironment- Chemical Rubber
Company Monoscience Series, Vol. l, No. l. Critical Reviews in Environmental
Science, pp. 7-67.
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10.2 BARDNER, R. (1971) Interactions between soil-borne pests and other soil fauna ele.
,,t.etrjs. Entorpphaga. (In the press.)

10.3 B,c,RDNER, R. & FlErcxm, K. E. (1970)
fly (Leptohylemyia coarctata Fall.). Ptoc.
657-.658.

t0.4 (BuRroN, J. F.) & FRENcu, R. A. (1969)
passerines in Britain and Ireland in 1968.

Prediction of losses caused by wheat Bult,
yll int. Con{. Plant Prolection, Pdri$, 1970

MoEarch butterflies coinciding with American
British Birds 62, 493494.

10.5 EDw RDs, C. A. (1970) Problems of insecticidal residues in agricultural soils. P,{IVS
16,27t-276.

10.6 ED\f,ARDs, C. A. (1971) Actions aud fate of insecticides in the soil. lt: Organic
chemicals in the soil envitonment. New York: M. Dekker. (In the press.)

lO.7 EDWARDS, C. A. (1971) Soil otgo&isms. IDt Encyclopediq B tor,nba. (In the press.)
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lo.E EDWARDS, C. A., (RErCHLE, D. E. & CRossLEy, D. A.) (1970) The role of soil inverte-
brates in turnover of organic matter and nutrients. In: Analysis of tenperate forcst
ecosystemt. Berlin, Heidelberg; New York; Springer-Verlag, Ch. 12, pp. 147-172.

f0.9 FLE-rcBxR, K. E. (1970) The extraction from soil of small artbropods by the dry-funnel
method. In: Crop lost ossessment methods. FAO Manuol on the eyaluation qnd
prerention of losses by pests, diseases atd weeds. Rome: FAO.

10.10 FRENCH, R. A. (1967) Recent developments in the study of immigrant Lepidoptera in
Great Britain. Nalure in,yales l0,No. 2, 69-73.

l0.ll JUDENKo, E. (1971) The assessment of economic losses in yield of annual crops caus€d
by pests, aDd the problem of the ecoDomic threshold. En omophaga. (In the pr€ss.)

10.12 SrEpHENsoN, J. W. (1971) Slugs in agic'ultual and horticulture. Chemicals & Farming.
(tn the press.)

PAPER IN RoTHAMSTED REPoRT, PART 2

10.13 TA}a R, L. R. & FRENCH, R. A. (1971) Rothamsted Insect Survey. Rep. Rothamsted
exp. Stn lot 1970, Pafi 2, 231-253.

Totals are given of 32 aphid species, or sp€cies gxoups, caught during periods of four weeks in
13 suction traps in Great Britain and Holland from 23 April to November 1970; also totals of
3l sp€ci€6 of Macrolepidoptera from light traps at 47 sites in Great Britain dudng 1968 and at
62 sit€s duriDg 1969.

RISEARCH PaPERs

10.14 (B^RDNER, H.), EDWARDS, C. A., (ARNoLD, M. K & RocERsoN, J. P.) (1971) The
effecls of swede midgo (Conrairria nas,urrii) on yield of swedes. E tonologia exp,
aWl- (ln the press.)

Symptoms of attack by swede midge in S.E. and N.E. England were observed and classified
as €ither primary or secondary. Primary symptoms, 'swollen petiole' and 'crumple leaf', were
more frequent and reliable indicators of attack than the secondary symptoms, 'many neck' and
'cabbage top'.

There was an interaction between sowing date and ability to tolerate attack, and early-sown
plants suflercd less toss of yield than thos€ sown late. Only in seasons unfavourable to swedes
would this pest affect yields seriously.

10.15 BaRDNER, R. & I.oFry, J. R. (1971) The distribution of eggs, larvae and plants within
crops attacked by Wheat Bulb fly. J. appl. Ecol. (In the press.)

Fields at Rothamsted were sampled for several yeals to assess populations of Wheat Bulb fly
eggs and larvae, and populations of wheat plants and shoots. The results fitted to the regr€ssion
equation: I,og (Se)ro : logro a I b logln m, where Ss is the variance, a is a sampliog factor, 6
the 'index of aggregation' and m the mean. Randomly-distributed populations have 6: l,
aggregated populations have 6 > I, atrd populatioDs with a tendency towards regular distribu-
tions have 6 < l. Most of the variates had D slightly greater than one, i.e. the populations were
only slightly aggregated aud a square root transformation is appropriate for analysis of results
from infested fields.

10.16 BoworN, J., GREcoRy, P. H. & JoHNsoN, C. G. O97l) Possible wind ransport of
coffee leaf rust across the Atlantic Ocea[. Nalurc, Irnd. 229, 5m-501.

Coff(r,l*,af Rnst, Ilemileia vasraiix Bf,,rk- & Br. was fust detected in the New World, in Brazil,
in 1970. It was thought to have been introduced mechanically because the measur€d fallhg
spoed of the uredospores \f,as too great to p€rmit IoDg distance aerial tanspo and b€caus€

relatively few had boen trapped above infected coffee tl€€s.
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However the following facts admit the altemative hypothesis of long-distance traDsport
from Africa. H. vdstatrix \|as delected in Angola in t966; trade winds blow offshore of Angola
directly to the afrected areas in Brazil; new measurements of rhe falliog speed of uredospoles
which show that former estimates weie too great, also show that uredospores could remain air-
borne for the 5 to 7 days needed to cross the Atlantic Oaean to set up the scattered foci of inf.r-
tion that have boen observed.

l0.l7 (CRossLEy, D. A., RxrcHLE, D. E.) & EDWARDS, C. A. (1971) Intake ard turnover ,)f
radioactive cesium by earthworms (Lumbricidae'). Pedobiologia ll, 7 lJ6.

Earthworms of the sp€r,iei Lumbricus tetrestis a,J,d Octolasiun sp. were cultured in soii lab€llod
with radioactive c€sium (0.075 pCilg). Other worms were cultured in unlabelled soil with cesiuro-
labelld Liriofundron tulipilera litter (l pcilg) on the surface. Ar intervals the radioactivity in
the earthworms was measured and corrected for radioactive decay. After maximum activity wrs
reached (0'0O2 pCilworm) earlhworms were cultured with non-radioactive soil and litter, ard
their radioactivity coutrted frequently to measure the rate isotope was excreted. Earthwornrs
fed oD labelled lirter gave a two-component excretion curve, and thos€ fed oIl labelled soil withorrt
litter, a one-component curve. An e4uation and constants calculated for the curves res€mbl(d
those obtained for anhropod species. Litrle cesium was assimilated atrd it was €xcreted
rapidly. The slight assimilation allowed the amounts of soil consumed by worms to t'e
calculated as 4'l mg/hour/worm, which is equivalent to l'2'% of fresh body weight/hour.

10.18 DEAN, G. J. & (LurrRrNG, B. B.) (1970) Distribution of aphids in @real qops. Anfi.
appl. Biol.6, 485496-

C€real crops were examined weekly for aphids during 1969. Plants in 20 samples of row 0 3 rn
long were examined in a sheltered p€rimet€r of a crop and along a trans€ct 36'6 m into the croJ'.
Aphids were usually 6rst found within I to 4 weeks of the fust alatae caught in a suction trao
operating 12.2 m above gound. When first found, from lO to 27 i( of the O'3 m lengths samplel
contained aphids.

-R. palr, first found late in May, were scarce (<0.53/0.3 m) throughout June and July, Sitobio,n
spp. and M. dirhodum, which appeared in mid-June, were more nunerous than -R. pali; most
occurred during the s€cond half of July, and populations decreased just before harvest in earl;r
August. S. avenoe was more abundant (max. I9.3/sample) than either S. ftagaiae (O'91') ot
M. dirhodun (2.51).

More aphids occurred in oats (max. 52/0'3 m) during July thao in wheat (45), and barl€:,
had fewest (6'8\. S. avenae was more abundaot thar, M. dithodum in sheltered areas of barle,.,
and wheat, and in exposed areas of the samg crop M. dirhodumwas commonest. Along sheltered
perimeters, the ratio of S. avenaz to M- dirhodum was largest iB barley (ll : I), intermediate ill
oats (6 : l) and smallest in wheat (3.7 : l). Sirobion spp. were most numerous on the ears,
when most M- dithodum were on the leaves.

Regression analys€s of log .y on log ,ll suggesled that S. arerr" was more eveoly distribute(,
within (36'6 m) the field (, : 1.056 + 0.109) than aloDg the sheltered perimeter (D : 1.43i:
+ 0'132), though it seemed similarly distributed along p€rimeteE of barley, oats and whe3t. Th(,
distributions of M- dirhodunr atJld Sitobion spp. along sheltered perimeters of all crops wer€
apparently similar.

10.19 DEAN, G. J. & WILDTNG, N- (1971) Eatomophthora infe,til:,g the cereal aphids, Mera-
polophium dirhodum Walk. and Sirorrb, ayetae F. J. Insect Polh. (In the press.)

Entomophthora aphidis, E. plonchoniara and E. thqxteri@a killed many Metalophium dihodum
ajod Sirobion avane it barley during 1970. E. planchoniaaa first infected M. dirhodum late io
Jure, after rain ended a long dry period, but few aphids were infected until after 7 July when
heaw rain killed 65-E0% of aphids. E. platchoniana was the most freque[t of the three species
until 27 July whern E. ophidis atoid E. thaxteriaia each became more abundant. S. qvenae was
more often infected by E, ,haxteriana than the other sp€cies of E r tomophthoru, Durirl9 the second
half of July, &-76?1 of ad\it M. dirhodum atd 3HO:/" ot S. averue were infected. The three
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fungus species werc equally commot in M. dihodum it sheltered fietds b\t E. thoxteriana was
fess common in an exposed field, In a sh€ltered field E ,ho.rteri@e was less ft€quent than the
other species along the perimeter, a.ld E. plaachoaiaaa was most common a\d E. aphidis l@st
common about 37 m into the qop.

10.20 DrBLEy, G. C. & LEWB, T. (1970) A bivane direction indicator and a seositive vertical
anemometer for measuring components of wind in sheltered places. Ann. appl. Biot.
6,469-475.

Two instruments are desuibed: (l) a bivane direction indicator; (2) a vertical anemometer !,/ith
the ancillary electrooic recordiog equipment, for examining wind structure near windbreaks.
Both instruments were designed to operate in slow winds.

10.21 EDWARDS, C. A. (1971) Effects of herbicides on soil fauna. Proc. 10th Brit.Weed
Control Conference, 1970, 3, 1052-1062.

Herbicides may aff€ct populations of soil invertebrates either directly, or indirectly when th€
chemical affects the vegetation on which many of thes€ animals feed. Direct effects of only
DNOC, MCPA, 2,+D,2,4,5-T, TCA, dalapon, monuron, liouron, tri-allate, simazine, atraziDe
and paraquat haye yet b€en studied and the only one that affected Dumbers of inve ebrates
were DNOC, TCA, monuron, simazine and 'Shell WL 19805'. The direct effects were never
severe and with TCA and monuron occued only with very large doses. Three recent exp€ri-
ments with simazine, 'Shell WL 19805' and paraquat are described. Simazine and .Shell WL
19805' slightly decreased numbers of enchytraeid worms, predatory mites and isotomid Collem-
bola and 'Shell WL 19805' increased numbers and weight of earthworms. Paraquat had little
effect on invertebrate populations. The only herbicides likely to influence numb€rs ofsoil inverte-
brates directly seem to be DNOC and the triazines. Their efrects would not advers€ly affect soil
fertility.

10.22 EDWARDS, C. A. & IrFry, J. R. (1971) Influence of lem!,erature on numbers of
invertebrat€s io soil, especially those which affect primary production. Symposium
ot, Soil Zoology, Dijon, 1970. (In the press.)

Two plots, 3 m square on old pasture, were surrounded with galvanised iron sheeritrg buried
45 cm deep and rising 30 cm above the soil surface. Eight 8m watt infra-red heaters fixed along
the top of the sides and corners of the sheeting kept the top 2.5 cm of soil 5"-8'C above that in
a similar unheated plor. Animals in different taxoDomic groups reacted differetrtly to the rais€d
temperature from January onwards. The heated plot contained fewer larvae of Coleoptera and
Diptera but many more Hemiptera and Thysanoptera.

The prEdatory mites were little changed until May by heat bur then rapidly became fewer.
Oribatid mites wore much more numerous in the heated ptot during the whole experiment.
Collembola were not affected at first but they bocame more nunerous in May and June then
decreased in numbe6; thos€ species living near the surface were affected most by the warmth.
Enchytraeid worms were soon eliminated from heated plots.

The warmth had litde effect on total numbers or biomass of soil animals dudng spring but
increased it from April to July and then decreased it. These changes were partly from rhe heat
drying the soil.

10.23 FRENCH, R. A. 0971) Migration Records, 1966 and 1967. E onolosist. (It the
press.)

10.24 (Gour-D, G. E.) & EDWARDS, C. A. (196E) Damage to field com by symphylaos. P/oc.
Indiana Acad. Sci. 1967, n,214-221.

Symphylans were studied in eight com fields infested in five counties in Indiana during 1967 and
1968: Clinton, Shelby, Ohio, flarrison and Raadolph. The species was Scrtigerella innaculata
Newport, except in Clinton CouDty, where it was S. ,todicercus Michelbacher. Ouly areas of
I to l5 acres werc attacked but damage within these areas was exteDsive. The roots of young
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cortr were attacked soon after plants emerged and the plants died or were severely stunted wittrin
a w€ek. Surviving plaDts remahed stunted throughout the scason and f€w produced even small
ears. Many plants had 50ro 100 symphylans feeding on their fine roots. The infestations were
usually on sloping land with uncompacted soil ruch in humus. In tuo fields, rows compacted )y
the tractor pulting the 6row planter produced fewer injured plants than the other rows. In 1967

symphylans were not found iD soil taken to a depth of 9 in. on 2 May, or at plantiDg time t)n
27 May, but by 6 June there were up to l0O symphylans/plant aDd many plants were dying. This
increase probably reflected movement from deep€r soil rather than hatching of eggs, Plots treat']d
with a fumigant or with any of six insecticides had only slightly fewer damaged plants th n
untr€ted plots.

10.25 HENDERSoN, I. F. (1970) The fumigant effect of metaldehyde on slugs. Ann- appl.
Biol. 6, 507-510.

The fumigant effect of metaldehyde on slugs is confirmed almost certainly to be caus€d try
impure metaldehyde breaking down to the volatile parent monomer, acetaldehyde. Acetaldehyde
was slightly more toxic lo Agriolimox reticulatut thar] to Arion hortensis.

10.26 JoENsoN, C. G. & BowDEN, J. (1971) Problems related to the transference of insec:s
between the Amazon and Congo areas, especially at the pres€nt tiflrc- Proc.4th ilt.
Symp. of Ass. Trop. Biol., Accru, 1971. (In the press.)

Some long distance migrations of ins€cls across the sea and overland in relation to large scale
weather systems are described briefly. Distances across rhe Atlantic Ooean between Africa anl
S. America, mainly wirhin latitudes l5' N and l5'S, are considered in relation to possible length
of flight of migmnt ins€cts. Many records of ins€cts observed over the Adantic between 15'l'l
and S are mapped and discussed.

The flow of winds over the Atlantic Oc€an in the tropics is considered. It is concluded that
there is almost no possibility of transport of ins€cts by flight from America to Africa withil
thes€ latitudes. All the winds flow from Africa to S. America and the Caribbean. It is unlikel;z
that a trans-Atlantic crossing could be made from Africa to America in the Doldrums. A trans.
Atlantic dossing iD the tropics therefore seems possible only from Africa to America and onl:,
in the region of rhe trade winds. There is no positive evidence of such a crossing being made,

The distribution of major ins€ct pests in tropical Africa and tropical S. America is considered.
The paradoxical situation was rcvealed that the i$ects cornmon to both sides b€long particu-
larly to those species possessing wingless aod parthenogenetic forms. It is coDcluded therefo(
that modem systems of insect migration by flight are adapted primarily for overland transport
It is the ins€cts that are not adapted for such traosport, but that are specifically adapted fol
staying with rhe habitat, that are most likely to cross the Atlantic Ocean (aod io both directioos)
for they are carried across the sea with the habitat itself, such as with the transport of planl
material, ballast, etc., or by aircraft or ships.

The consequences of thes€ systems to the reciprocal infestation of the Congo and Amazon
regions by pests from one or the other region are discuss€d.

10.27 JoHN'soN, C. G., (BuRcE, G. A.) & GIBBS, D. G. (1970) Field trials on anti-capsid
ins€cticides on farmer's cocoa in Ghana, 195ffi. I. Comparing the effecrs of treatmert
by assessing subseque[t damage. GhanoJ. agric- Sci. 3, 155-178.

Results from four series of field trials, done between 1956 and 1960 are describ€d with a view to
examining field procedures, artd methods ofanalysing data, for assessiog anti-capsid insecticides.

Assessing effects of insecticides by the amount of damage occurring aftq spraying and the
canopy generation are considered. Two ways of assessing the amount of llew damage and thr€e
ways of assessing its trenq are described and compared with each othcr. Two assessments at
fortnightly intervals of new damage to foliage adequately ass€ss€d lhe amouot of damage, and
the difference between the amount of Dew damage at 4 and 12 weeks after spraying adequately
assess€d trend. Canopy ass€ssment every six months also gave a good indication of the efrects
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of spraying and could probably replace ass€ssments of tlend of new damage by fortnightly
itss€ssments.

The variability in the incidence of new damage ou different crops after sprayhg was analysed
and the number of replicates needed to detect differenc€s between effects oi differint treatments
considered, both when data were untransformed and transformed to logs. The value of pre_
treatment assessment of damage and subs€quent grading and blocking of crops is also discuss€d
in relation to inter-plot va ability.

The inclusion of untreated control plots in analyses of variance overestimated true errors in
the comparison of treated plots and hampered the detection of differerces between them.
Controls were therefore unnecessary for detecting differences in the incidence of new damage;
they are, however, ess€ntial for th€ comparison of canopy and regeneration, because so-e pl6ti
can improve eveo without sprayiog.

10.28 JoHNsoN, C. G. & (Br,'ncr, c. A.) (1971) Field trials of anti-capsid insecticides on
farmer's cocoa in Ghana, 195G60. II. Effects of different insecticides compared by
counting capsids after spraying; and the method compared with that of counting the
percentage of newly damaged trees. Ghana J. Agric. Sci. 4. (In the press.)

All mobile stages of both sp€cies were counted to hand height on every tree in each plot and the
numbers used to ass€ss the effec(s of spraying.

The average number of capsids/loo trees (C/lmT) assessed twice, four and six weeks after
the s€cond spraying sumciently indicated the initial effect of a .treatment'. The average of five
or six fortnightly counts did not improve the assessment enough to justify the extra w;rk.

Counting newly damaged tr€es gave a slightly more reliable ass€ssment thaD counting capsids.
However, both methods gave similar results for ass€ssing iDitial effects of ins€cticides.

Variability of capsids between experimental plots is of an order similar to that for newly
damaged trces. With capsid counts, as with newly damag€d tre€s, differcnc€s in effects of treai-
ment could be reliably detected only when very large.

10.29 JoNEs, M. G. (1970) Infestation of wheat plants by rhe larvae of Leptohylemyia
coarctata lFall.) in an insectary. Pl. parh. 19, 128-t?/.

When Wheat Bulb fly eggs were placed in a row between two rows of wheat plaots lg can apart
in seed boxes in an outdoor insectary, more of the newly hatched larvae invaded plants asthe
distance to the nearer row dirninished; whereas only 6lf succreded when both rows were
9cm away, 80f did so when the nearel row was 2cm away and 87 )l wherr the eggs were
plac€d between the plants in one row.

Some eggs hatched as late as mid-April.
Only about a quarter of the undamagcd larvae dissected from shoots and placed in the soil

near unattacked plants survived.
From 67 to 89% of the eggs failed to become adults. Th€ proportion that failed increased as

comp€tition for host plants increas€d.

10.30 JoN,Es, M. G. (1970) Obs€rvations on feeding and egg development of Wheat Bulb 0y,
Iiptohylemyia coarcrara (Fatl.). Bull. ent. Res. &, 199-20,.

The crops and guts of a llts of Iaptohylemyia coarctata (Fall,) from different parts of Engtand
and Scotland contained spores of Septomyxq afrnis. This fungus is widespread on dead wheat
leaves and grass in wheat fields and is an important food for the flies, especially in south and
east England dudng July and August. Of atl flies diss€cted in 1967, 1968 and 1969, 57 /., 39\
ajod 451, resp€ctively, con.tairled Septomyxa spores; many contained spores of other fungi,
pollen grains, bacteria aDd y€sts. All solid food was ingested in water or honeydew. Males
were at their maximum weight when they emerged, whereas females almost doubled in weight
with the ripeoing of the first batch of eggs. Different individuals had differeDt numbers of
ovarioles, so the oumbq of eggs ripe and ready to lay at thc same time also differ.Ed between
individuats. The mean numbers, 25.6 + 0.8 in 1968 and 28.6 + 0.4 in 1969 were fewer than the
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usually accepted 32. During August, before all the eggs had boen laid, many flies werc kiled
by Entonwphthora muscae and Strong*ellsea castrans.

lo.3l LEwIs, T. & DIBLEY, G. C. (1970) Air movement near windbreaks and a hypoth€sis
of the mechanism of the accumulation of airbome insects. Ann' aPpl. Biol- 6,477-&.

Measuring different components of wind to leeward of artificial windbreaks showed that hori-
zontat motion was th€ most important in affecting accumulations of airbome insects. Small air
borne insects probably accumulate in sheltgred places wh€n they are diffus€d or convected into
the recirculating air behind barriers. The concentrations probable theoretically were compared

with concentmtions measured in the 6eld.

10.32 SnAw, M. J. P. (1970) Effects of population density on alieDicolae of Aphis labrc
Scop. I: The effect of crowding on the production of alatae in the laboratory. /n''
appl. Biol.6, 19l-196.

A technique for rearing aphids in dense populations is described. Apterae were reared in dense

('C') and sparse ('U') populations and the proportions of alatae among their progenies were

compared. i'roportions ofahtae were larger among progenics of 'C' apterae and the proportions

also-increased is rhe density of the population in which the prog€nies were reared increase'1.

Progenies ol alatae never became alatae.

10.33 SHAW, M. J. P. (1970) Effects of population density on alienicolaeof Aphis labae *oD.
II: The eflects of crowding on the expression of migratory uge among alatae in tlE
laboratory. Ann. appl. Biol- 6, 197-203.

Apterae reared at difrerent population densities produced alatae among their progeny' but not
ali these alatae behaved in the same way' Some flew before depositing nymphs (here ca[ed
migrants), others flew after parturition (flyers) and some never flew (non-flyeE). The propo ion

ofilatae, among the progeny from both uncrowded ('U') and crowded ('C') parents, that flerv

before depositing nymphs increased as thc population density in which they were r€red increas€d .

Both cro;ded inrl uncrowdea apterous parents produced similar numbers of larvae but, or
average, 'C' apterae produced l7)( more miglants. The proportions of miSrants among alate
progenies weri closely correlated with rhe proportions of alatae among progenies.

10.34 SHAW, M. J. P. (1970) Effects of population density on alienicolae of Aphis faba2
Scop. IfI: The effect of isolation on the development of form and behaviour of alata':

in a laboratory clone. Ann. appl. Biol. 65, 205-212-

A wide range of morphological differences, from apterae to alatae, and of differences in thc
b€haviour of alatae wirc produced by isolating alariform nymphs of Aphis fabae on succtssivc

days after their birth. Alitiform nymphs isolated soon after birth developed into the extremc

apterous form, whereas when kepl in a crowd until shortly before their final €cdysis a largp propor"

tion became alatae that flew before depositing young (migraDts). Alatiform oymphs isolated

on suc{4ssive days after birrh developed either into alatae that fiew after depositing nymphs

(flyers) or did not fly (non-flyers). Aphids thus show a continuous polymorphism, comparabl('
to that of locusts, and possibly related to concentrations ofjuvenile hormonc pres€nt in the aphid
during larval development.

10.35 T^yLoR, W. E. & BARDNER, R. (1970) Energy relarionships between larvae of Phoedon

cochleqriae (F.) (Coleoptera; Chrysomelidae) or Plutella naculipennis (Curt.) (Irpi'
doptera I Plutellidae) and radish or turnip platts. Entonologia exp. appl. 13,
403-406.

Calorific values per gram of freeze-dried leaves, roots, pupae and larvae faeces were used to
conven dry weights of plants and ins€cts into measuements of energy conteot. The decreased
yield, or loss of energy, of plants from injuries to leaves caused by a single ins€ct during its
larval life differed considerably betw€en each of the four possible combinations of ins€ct and
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plant, ranging from 0 to 22 times the energy content of the leaf tissue eaten by the larva and 0 to
76 times the energy content of the pupa.

The quantity of food needed by the larvae of the bwtle Phaedon cochleariae (F -), and of the
molh Plulella naculipennis (Curt.), and the efl€cts of the ins€cts on the growth and yield of
radish and turnip was described by Taylor & Bardner (Rorhamsted Repo for 1968, part 1,
Abstracts lO.3l, 10.32). Dry weights of plant and animal tissue were used to measure the amount
of food eaten, and the groMh of ins€cts and plants. This method is not entirely satisfactory for
measuring the conversion of plant into animal tissue, as plants usually have more carbohydrate
and less fat than ins€ct tissue and therefore have less energy/gram of dry weight. When the calori-
fic values of plant and insect tissue are also measured, some of the energlr relationships between
plants and ins€cts can be calculated.

10.36 THoMpsoN, A. R., EDWARDS, C. A., (Eounos, M. J. & BEyNoN, K. I.) (1970) The
movement of dieldrin through soils. II. Io sloping trougfu and soil columns. P"Jricid"
Science I, 174-l'18.

A glassJined trough was divided into six compartments by vertical transvene partitions and
filled with soil to a height of 5 cm above the top of €ch partition. The bas€ of the box and the
surface of the soil sloped towards one end with a gradient of I in 3'7. The movement of dieldrin
applied (22 kg a.i./ha) to thc soil surfac€ in the upp€rmost compartmeDt into tho leachate and
down the slope was followed for 17 weeks, duiog which time 19.5 cm of rain fell. IJss than
O.O2)1ot tll€ dielddn appeared itr the leachate and 99% of this was cDllected duritrg the frst
nine weeks, mainly from the uppermost compartment. Very little dieldrin moved do$! the slop€
and it was not detected in the leachate from compartments other than the treated one, later than
nine weeks after treatment,

In other exp€riments, three cylinders were filled with sandy loam, heavy clay loam or peat,
and transferred from the field as intact cores. Tfuee other cylinders were frlled with soils of the
same t5.pes but broken up. Approimzbly 2)l of the dieldrin leached through one column but
usually much less than 0.1f did. The most dieldrin was leached down columns of heavy clay
loam and leasl down sandy loam. Ten times as much dieldrin Ieached down the columns of
intact soil as down those with broken soil.

The r€sults indicate that too little dieldrin is probably leached from treated soil for this to be
a major way in which water sysiems become contaminated.

Bee Departuent

BooK

FRE, J. B. (1970) Ins€ct pollination of crops. London: Academic Press.

CENERAL PAPERS

ll.2 BurIrR, C. G. (1970) Chemical cammunication in insects: behavioral and ecologic
aspects. In: Advances in chemoteceplion. Vol. l. Ed. J, W. Johnston, New York:
Appleton-Century4rofts.

I1.3 FREI, J. B- (1970) Pollinating ins€cts. ln: Beneficial i$ecrs atd mites. Min. of Agtic.
Fish. & Fd bull. 20. London: H.M.S.O.

PAPERS IN RoTHAMSTED REPoRT, PART 2

ll.4 BAII,EY, L. (1971) Virus diseases ofthe honeybee. ReP. Rolhamsled exP. Stnfot 1970,
P,.n 2, 171-183.

A review of work dotre at Rothamsled and of relevant work elsewhere.

,1
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ll.5 FREE, J. B. (1971) Management of honeyb€€ colonies for crop pollination. ,Re,
Rothamsted exp, Stn lot 1970, Part 2, l8+198.

A review of work doDe at Rothamsted.

REEARCH PA"ERS

ll.6 B^tr Ey, L., (GrBBs, A. J. & WooDs, R. D.) (1970) A simple way of purifying sewral
ios€ct virus€s- J. gen. Virol. 6, 175-177.

Dense nucleus virus (DNY) of Galleria mellonella was most simply purified by the method
suitable for acute bee paralysis and sacbrood virus. Preparations of Di.[V made this way from
larvae injected when about half-8rown were free fiom the much slow sedimenting material
obtained by other workers and from injected fully-grown larvae.

ll.7 BuflrR, C. G., (Fr-rrclrrx, D. J. C.) & WATLER, D. (1970) Hive entrance finding by
honeybe (Apis mellifera) forageN. Anim. Behav.lE, 78-91.

The behaviour of homecoming b€€s when the position of the entmnae to their hive was changed
while they were out was studied. When the change caus€d much confusion, the b€es soon te-
orientated in flight to the new entrancr, but wh€n confusion was slight, many bees alighted at
the old entrance sits and ran to the new one. Initially, such a kail of running bees formed or.ly
when 10O or more b€€s approached the hive together. On alighting, bees ran in all directions until
one happ€ned to 6nd the new entranc€ and started disp€rsing Nassanoff SlaDd scent, so attracting
the othq b€€s. WithiD a few minutes a trail of b€es, many dispersing scent, formed between t.1e

old and new positions of the enbance. Any visual laodmark between the entrances gxeatly aidod
trail formation and alone enabled the b€es to learn the way. Once a bee had leamed the way,
some continued to alight near the old entrance site and run from there to the new one, €ven
when they approached the hive hdividually. However, many bees thal ran betw€en the entraoc3s
for some time eventually learned to fly rourd to the new entranc€ after visiting the old entrance,
and most of these finally reorientated to the new entrance completely.

I1.8 FRrE, J. B. (1970) The flower constancy of bumblebees. J- Anim. Ecol. 9, 395-4O2-

Nearly all bees collected pollen on some trips and Dectar only on others; most of the exceptior$
were observed for a few trips only. Only a few of the local species of flowers were visited much
for pollen. Bees fo.aging on these showed a greater constancy per trip than b€es foragiog oD

other sp€cies. The most popular pollen often occurred as a minor constituent of loads that werc
predominantly of other pollens. Bombus lucorum foragers visited fewer flower spe.ies and had
purer loads than B. agrorum foragers. Pollen-gatherers from lwo B. lucorum colonies made
different us€ of the flowers availablc, suggesting that the colony somehow influences an individual
bee's choice of forage. B. lucorum foragers showed day-to-day constancy and about 7oi;
collected their origiqal pollen type on the tenth day after the 6rst observation. Inconstant becs
sometimes collected the same mixtures of pollen on successive trips.

11.9 FRE, J. B. (1970) The bchaviour ot wasps (Vespula germa ca L. ard V. vulgaris L.)
when foraging. Insectes Sociaux 17, ll-19.

While foraging on dead adult and pupal honeybees, individual wasps showed little conformit r
in the order i[l which they dismembercd their prey; they attempted to take as large loads as
possible and preferrcd abdomens and thoraces to heads. Although wasps always removed som,r
of the appeodages from thoraces, especially rhe hind- and middleJegs, the presence of thev)
appeDdages did not encourage foraging or facilitatc rocognition of the prey. Pupae were preferre(l
to newly emerged bees, and newly emerged b€cs to old bces, probably because of the differencr:
in hardness of the cuticle. Whereas wasps learned ro divide adult bees' bodies at the neck an(l
waist, they showed considerable adaptabiliry when dismembering pupae and wheD confronted
with unusual situations. Although individuals tended to become conditioned to collecting on(:
type of prey, sone changed from callecting adults to collecting pupae. Wasps could easily tr,
eDticed away from meat by offering sugar s,.rup, but the change from syrup to meat was muct
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more dimcult, although it happened occasionally. Some wasps attempted to defend a supply of
food against other would-b€ collectors, Despite their wariness ofeach other, wasps were attracted
by th€ sight of others at a food source. Thc frequency with which a wasp continues to visit a site
that has ceased to yield food depends on its previous foraging exp€rience there.

ll.l0 FRE, J. B. & WILI-raMs, I. H. 0970) Preliminary investigation on the occupatiou of
artificial nests by OJ,n ia rufa L. (Hymenoptera, Megachilidae). J.appl. Eco1.7,559-56.

Initial trials indicated lhat Osmia rufa tends to nest at sites it has previously occupied. In some
places the number of artificial nests ocrupied rapidly increased.

ll.ll FRIE, J. B., WETNBERG, I. & Wr rEN, A. (1969) The €gg-eating behaviour of Aorrr,rr
lapidarius L. Behoviour 35, 313117.

Whe,l Bonbus lapidatius wotk€rs built egg cells and Iaid eggs, their queen ate the eggs and
appropriated their egg cells for her own eggs, whereupon the workers tried to eat her eggs. The
behaviour of the workers was correlated with their ovary development.

ll.l2 WrLDrNc, N. (197O) Entomophthora cnr.idia in rhe air-spora. J. gen. Microbiol- 62,
149-157.

At Silwood Parlq Berkshire, in 1958, the largest concentration of each of 6ve 'types' of E,ro-
mophthoru @D.idia in the air typically occuned at 05.00 to 07.00 hours B.S.T. and was associated
with humid air and sunrise. The concentration was smallest between 14.00 and l7.m hours
B.S.T, when the air was usually driest.

ll.l3 Wtr-DrNc, N. (1970) The efrect of temperature oo the infectivity and incubation periods
of the fungi httornophthoru qhidis and E. thqxteriana for the p€ aphid, Acyr,hosiphon
pitum. Proc. Iyrh Internat. Collq. Itsec, Poth., College Park, Maryland, lt.S.A.
Aug. 1970- (In the press.)

Pea aphids were infected experimentally with Entornophrhora qhidis alid E. rhoxteriato at
temperatures from 5' to 25'C. Although the incubatiou period of each species shorteqed
as the tempemture inoeased, the fungi may spread most eff€ctively among aphid populatioDs
al temperatures below 25"C because the life cycle of the aphid is then comparatively longer
than lhat of the fungi.

Statistics Departnent

Gsr\- .AL PAPRS

l2.l BoyD, D. A- (1970) Multi-level nitrogen t€sts for cereals. Prog. Rep. exp- Eusb.
Fms exp. Horr. Stns N.A.A.S. No. I l, 38-39. London: H.M.S.O.

12.2 VERNoN, A. J. (1971) Canker: the forgotten disease of crJEoa, Cocoa Growers' Bulletin
16,9-t4.

RFSEARCH PAPRS

12.3 (ALDEI.MAN, c., MoRGAN, D. E.) & LEssELrs, W J. (1971) A comparison of liveweight
gains of beef cattle with values predicted from energy intakes measued as starch €quiva-
lent or metabolisable et]lerry. Proc- srh Symp. Europeon Assoc. Alim. Prod. pp. 8l-
84.

The relative ability of four particular energy systems to predict daily liveweight eain (DLWC)
in beef cattle was tested otr a large body of results covering a wide range of diets and liveweights.
The A.R.C- metabolisable enerry system (but with fasting metabolism based on fasted weights
assumed to be 90f of liveweight) usually gave the best prcdictiotrs. The simplification of ex-
cluding the plane of nutritioo correction increased prtdicted DLWG by amounts rangiDg up
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to 0.1 kg, but did not geatly lessea accuracy. Both versions overestimated DLWG with high
enerry diets. The two \,€rsions of the starch equivalent (SE) system teDded to undercstimate
low DLWG and overestimate high DLWG, partly because all predictioos were based on only
one set of the s€veral SE standards applicable to b€€f cattle. IDclusion of the T. B. Wood 2()'l
addition to the S.E. values of hays and straw, or the sliding crude fibre correction factor for :he

SE yalues of silage, increased and improved the prcdictions with the mainly forage diets.

12,4 ALDERsoN, A. J. B. (1971) Numeric examination of multivariate soil samples. J. i',r.
Ass- mathl Geol.3, l-14

Numerical methods for examining multivariate soil samples are presented in geometric ternrs.
Techniques of co-ordinate repres€ntation by principal components, by non-metric scaling ald
by a new method are discussed, as are techniques for agglornerative hierarchical cluster analysis.

12.5 BoyD, D. A. (1971) Some lecent ideas on fertiliser response curves. Proc- Congr.
int. Potash hst. (In the press.)

In experiments testing many dressings of nitrogen for sugar be€t, cereals and potatoes, the
tlpical fertiliser/yield relationship had an almost linear steeply-risiDg portion with a fairly sha:p
traositioo to a second line where yield changed little or slowly decreased. The linearity of this
s€cotrd portion was well-€stablished and, on soils already dch in N, response of all thrce crops
was sometimes wholly on this portion of the response curve; some experiments with cereals
and potato€s showed large defieases in yield when too much N was given.

ln experiments with P and K, potato yields at 6-rst inqeased almost linearly; beyond a transi-
tion point yield was unafl€cted by futher dressings.

The results show the importance of testing enough dressings aDd of keeping careful rccords
for every site to help identify factors limiting the amount or rate of response.

With cereals and potatoes, grouping the experimental results by soil series and, for N, accorcl-
ing to type of crop rotation eliminated much of the differences in response frorn site to site atrd
so retained the rectilinear relationships of the single experiments; as a result, advice to farmets
could be simpler and more precis€.

12.6 CHrrRcH, B. M. (1970) The place of sample survey iu crop loss estimatiol ln: Cro,,
loss ettination methods, F.A.O. Manual. Rome: F.A.O.

The uses aod limitations of sample surveys in crop loss estimation work are indicated. Require-
ments for successful surveys and factors influencing the size and type of samples needed ar,:
discussed.

12.7 CHrrRcH, B. M. & (WrrnrR, J.) (1971) Fertilizer practice in England and Wales: a
new series of surveys. J- Sci. Ftl Agric.Z2, l-7.

Aims and methods for a series of surveys in England and Wales begun in 1969 are described
The surveys are designed to moDitor changEs in practice on individual crops for the whol('
country and to provide estimates, based on three to fow years' data, of practice within region!
of defined farmiog type.

Survey estimates of fertiliser consumption in 1969 agr€e well with subsidy claims. Between
1966 and 1969, the use of N p€r acre on tillage clops increas€d at an average rate similar to
that for the previous decade, but the recent increase on grassland was more rapid; use of P and
K increas€d on tillage crops but hardly changed on grassland.

The average manuring of most crops in 1969 was within the range of current general r@om-
mendatioDs, but most sugar boet had too much N, P and K per acre. Spring cereals might
profit from more N, but the average use of P on winter wheat and of K on potaroes, esp€cially
earlies, s€ems more than adequate.

More N was used on all typ€s of grassland in !969 than in 1966; increas€s were greatest on
the I 5 % of the acreage strip grazed or cut for silage. The small proportion of inteDsively managed
grasslaod increased little between 1966 and 1969.
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For spring barley, leys and permanent grass, compamtive estimates are given of average
practice in arable, mixed farming, dairying and livestock farming regioos.

12.8 GowER, J. C. (1970) Measures of taxonomic distance and their analysis. proc.
Syrnp. Asses$nent of Biological Afrnity and Distaace between llunan Populations,
Utrecht, 1969- O.U.P. (In the press.)

The distances between populations denoted by DD (Czeckanowski), CXf (K. Pearson) and D2
(Mahalaoobis) and their inter-relatio$hips are discussed. Variations on these distances are the
Penrose size and shape components of CRL (Cq and Cz) aad Hiernaux's Ar. All the above
measures may formally iDclude quantitative variates and/or proportions. When D2 is used
specifically with proportions and a dispersion matrix derived from the multinomial distribution,
we have the distaoces I and G of Balakrishnan and Saoghvi, which are contrasted with the
angular transformation of proportions used with CR to give E of Edwards and Cavalli-Sforza.
Distances between individual samples, rather than proportions, may also be estimated by thes€
statistics, but other measures based on dissimilarity coefficients are available too.

Methods of analysis include: (i) thos€ that map optimably the computed distances d, to a
set of poi[ts, preferably in few dimensions, with Euclidean distances d*rr; (ii) those that give a
hierarchical reprosentation that can ofteq be thought ofas a mapping from d, to d*rr, and ultra-
metric. Hierarchical reprEsentatioDs can be used to suggest clusters but direct cluster anal,ris
methods are also discussed.

Methods of comparing two mappings of the same data are discussed io relation to typical
anthropometric problems.

12.9 GowER, J. C. (1970) A note ou Burnaby's character weighted similarity coefficieot.
l. math. Geol.2, 39-4.5.

Some of the problems of weighting characters and of eliminating conelational effects between
characters are discussed. Maoy different weighting schemes can be proposed for similarity
coemcients even when, as in Burnaby's coefrcient, it is decided to give high weight to ma&hes
between rare characters. The rarity of a character-state must be considered relative to the
samplitrg scheme used to select the sampling units. Similarities between all pairs of units are
often analysed to suggest groups amongst the units. Groups having many correlated characters
may be the most useful but are unlikely to be found by numerical methods that eliminate correla-
tional effects.

12.10 GowER, J. C. (1971) Statistical methods of comparing diflereot multivariate analyses
ofthe same data. Proc- Congr. R. Soc. Rtmanialt Acad. Sci. on Mathematicol Merhods
it the Archaeological atd Histoical Sciences. (In the press.)

This paper considers how to compare two sets of distances d9 artd d.q (i,j: l,2, .,., n)
among the same rt samples. Rather than correlate the 2n distance pairs (dij, d*u) it is suggested
that each set of distaDoes b€ repr€se[ted by z points pi, pt (i : l, 2, . , ., n) which are rotated to
best fit defined by minimising

pz : ! *1ptp'r).
i:t

The mathematical technique required is useful with many different multivariate problems. It is
illustrated with a new type of analysis using anthropological data on skulls from six hominoid
populations with eight recognisable constellations of characte$. A canonical va ate analysis
for each constellatioo gives eight sets of caDonical variate means and each pair (Il, v) is rotated
to best fit Rz!r'. The elements of the 8 x 8 syrnmetric R2 matrix can themselves be treated as
distanc€s and repres€trted by points in three dimensions, allowing examination of how the
descriptions of the popu.lations are related when analysed by different constellations ofcharacters.
Some of the statistical distributional problems raised by this and similar types of aoalysis are
discused.
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l2.ll GowB, J. C. & (HLL, L D.) (1971) lnternal data structures. Appl. Statisr-20. ilrl
the prcss.)

In most computer languages, the data are regarded as being held in machine storage either as

individual scatar quantiti€s or as members of rectangular arrays. It would make these languages
morc us€ful if the us€r could sp€cify the shapes of other structue.s in which h€ wished to consider
the data as being held, such as triaDgular arrays, trees, etc.

To go with the ability to define structues, the us€r would require the abitity to define op€rat(rrs
to act on structures.

t2.12 (IoENsoN, E. W.) & flruJ, M. G. (1971) Relationships betweeu soil atrd plant
nutrient status in commercial tomato hous€s. Exp. Hotl. (In the press.)

Soil and leaf sampl€s from tomato plaots were taken from lo5 commercial glasshous€s on tkeo
occasions in 1967. Means aod distributions of nutrients in soils and leaves are given and thcir
relatiooships examined. Much potassium in the soil inhibited uptake of magnesium and s€em,)d
to dccrease yield when the soil was deficient in magnesium.

12.13 KxzANowsKr, w. J. (1971) The algpbraic basis of classical multivariate methods. ?lle
Statisrician. (In the pre,rs.)

AlthouSh the classical multivariate techniques are often taught separately, the basic algeb:a
involved in most of them is very similar. This is b€cause many of th€se methds aris€ from the
optimisstion of a criterion that can be express€d as a quadratic function, or the ratio of quadratic
firnctions, after aD q priori structure has b€en impos€d on the data matrix. This approach is

demonstrated, and some modern computational methods briefly described,

12.14 LEECH, F. B. (1970) Calculation of hlp€rgeometric sample sizcs. Appl. Sratisr. lt ,

287-289.
When a sample of r ml from a vaccine batch of N ml is tested for the prcsence of residual acti\e
virus, the probability P of failing to detect a proportion p of infective units, when all ,t sample
units are negative to the test, is given by the fust term of the hypergeometric distribution

P : (N - mXlr' - I)!V{N(N - m - n)l\,
in which n : Np. The algorithm obtains values of , corresponding to given values of P, N anC
p : ,rr/N in this equation, using an iterative method bas€d on lhe fact that the relation of log ,D

to log (N - rr) is almost linear.

12.15 NBLDER, J. A. (1971) Statistical computing and computer languages. Appl. Statist.
2,0. (Io the prEss.)

The activities of the Working Party on Statistical Compuring are discussed undq two headings:
(l) The Algorithm Section in Applied Statistics; problems of algorithm construction and testing
are described, and illustmted by the formation of a sums-of-squares-and-products matrix fronl
a data matrix. (2) Data structures; the possibility for the statistical prognmmer of defJring and
operating on data structures relevaot to statistics is not met by commonly availabte languages.
The impending arrival ofextensible languages should avoid the need for statisticians to implemen:
sp€cial statistical languages, but increas€s the need for them to standardise thet data structureri
if programs are to be easily used and tEnsferred.

12.16 NELDER, J. A. & (CoopER, B. E.) (1971) Input/output in statistical programming.
Appl. Statkt.20. (Itr the press.)

Input/output (I/O) is analysed in terms of the transfer of items of various types having various
internal and external representations betw@n various internal and extemal positions. Ways of
describing representation and position are discussed, for both character and binary d,ata. Three
basic prop€rties of good I/O facilities for statistical computing are stated, and the facilities
offered by four existing programming languages are matched against them. Finally extensions
to Fortran are proposed lhat would provide the properties sought.
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12.17 (PorATo M^R(EnNc BoARD), RorHArrrsTED E)omnENrAL SrAnoN [CHURCH, B. M. &
HILls, M. G.], & (NlrroNer- INsrmrrr oF AGRTCULTURAL ENGTNEBTNG) (1970) Sarvel
of early potatoes,1968, Potato Marketing Board Report.

This survey of 374 farms, tho 6rst of its kind, covered seven districts specialising in €rly potatoes
and provides informatioo on s€ed preparation, cultivation and planting, the use of fertilis€rs,
pesticid€s aDd herbicides, and on harvesting methods.

About half the early potato acreage was planted with home growu, usually once grown, seed;
80% of the crop was machine planted, but hand plantiog was common in S. Wales and S.rir'.
Scatlatrd. The average seed .ate was 25 cwt/acre (compared with 2l cwt/acre for main crop\t 9414
of seed was chitted, but only a quarter in buildings with both heating and controlled lighting.

Two-thirds of the crop was tr€ted with herbicide, haulm destroyer was us€d on half, fungicide
on a fifth and ins€cticide on a tenth of the acreage. Cultivations after planting were needed on
'lor( of the acreage vithout herbicide but only on 301with. Forty-two per cent of early potatoes
were lift€d by complete harvesting and a third of haDdlifted crops were sold directly off the
field.

12.18 (PorAro MARKEING BoARD), RoTHAMSTED E)oER.tr'{EN.rAL SrATroN ICHURCH, B. M, &
HILIJ, M. c.l, & (NAfloNAL INsrrrurE oF AcRrcuLruRAL ExcncmrNc) (1970) Survey
of main crop potato€s, 1968. Potato Marketing Board Report.

From this survey of 2000 farms, information was obtained on curent practice in growirg,
harvesting and storing main uop potatoes. A similar survey was done in 1963. Major changes
between the two surveys were the incrased use of special machinery for planting and lifting,
and of buildings for storage, and the introduction of selective herbicides for this crop.

Ia 1968,92)( of the main crop potato aqeage was planted by machine (80% in 1963), &%
was lifted by complete barvester (l8ZJ atd 7O'A of the stored crop was stored in buildings
(50%). Tests after lifting found rather more sound ware left on fields not lifted by complete
harvester-

Herbicides were used otr 44%, irsecticides on 38f (22% i\ 1963), fungicides ot 639{ard
haulm destroyers o^ 7O'% of thle 1968 crop. Fertilis€r practic€ was little chaoged exc€pt that a
third had FYM, compared with half the crop in 1963. Cultivations after planting were very few
in 1968, becaus€ of increased use of herbicides.

12.19 Ross, G. J. S. (1970) The emcient use of function minimisation in non-linear maximum
likelihood estimatiot. Appl. Statist. 19, 205-221.

Maximum likelihood estimation problems can be solved numerically using function minimisa-
tioo algorithms, but the amount of computing required ald the accuracy of the results dep€nd
on the way the algorithms are used. Attention to the analytical prope ies of the model, to the
relationship between the model and the data, and to descriptive properties of the data can gxeatly
simplify the problem, sometimes providing a method of solution on a desk calculator. This
paper describes how parameter transformation, sequential minimisation and nested minimisation
can be used to solve particular problems. Applications to well-known problems of distribution
fitting, quantal responses and least-squares curve fitting are desclibed. The implications for
computer progBmming are discussed.

12.20 (Ross, ,. M.) & StMpsoN, H. R. (1971) The National Survey of Health and Develop-
metrt. l. Educational attaiument. Br-J. educ. Psychol. 4l, 4941.

Two measures of e.ducational success are detived from data collected in the National Survey of
Healrh and Development of Children. The 6rst measure is based on the results of tests taken by
the chitdreD when 15 years old: the second is based on the results of examinations, leaYing age

aod typ€ of employment at 18.
Mathematics and reading tests were the best predicto6 of school progress.
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12.21 (Ross, J. M.) & SrMpsoN, H. R. (1971) The national survey of health and developmerrt.
2. Rate of school progless between 8 and 15 years and between 15 atld 18 years. 8r. J.
educ. Psychol. (In the press.)

Using the two measures of educational success developed in the previous paper, various factcrs
influencing the rate of school progess were examined. The educalion of the pareDts and tho size
of the family have a continuiDg effect on the performance of tho child betweeD 8 and 18.

Computer Department

BooK

l3.l YArEs, F. (1970) Experimental design: s€l€cted papers. l,ondoo: Griffi4 xi, 296 pp.

This book contaiDs a collection of the author's more important papers on experimental design
with a brief note at the beginning of each paper to put it in historial p€rspective. A furth.:r
criticism of fixed and random effccts models is also included.

RESEARCH PAPERS

13.2 YATFS, F. (1971) S€nsiiivity: an altemative repres€ntation of the power function of a
test of significance. hi Statistical papers in honor of George W. Snedecor. Ames:
Iowa State UniveEity Press.

The sensitivity of a t€st of significance having pow€r P at significance level a is defined as
pp,lp,s wherc p and pN are the departures from the null hypothesis for power P of the test anrl
the coresponding unit normal deyiate test. Values of the sensitivity of the , test with 4, 6, 9,
I 6 degrees of feedom are giyen for a range of P and d : the sensitivity decreases greatly for small ,r
but does not vary greally with P. The results of a Monte-Carlo investigation of the efficienqr
of the combiuatiotr of probabilities test are also reported in terms of sensitivity.

13.3 Y^rEs, F. (1971) variable format in Fo ran. Appl. Srarir. (Ir the press.)

Standard Fortran does not provideexplicitly for format statements containing parameters whosc
values are determined at run-time. Formats can, however, be held in arrays. These can either
be read at run-time or elements of them can be altered at run-time. The pres€nt routine provide.
a convenient method of making such alterations. Thus, for example, tables can be printed witt
a variable number of blocks across the page and a variable number of columns in a block.

Field Experiments Section

RTSEARCH PAPER

l4-1 GARNER, H. V. (1970) Experiments with kiln-dried pouhry manure on agricultural
crops and vegetables at Rothamsted, Woburn and other centres iD 1933-39. Expl
Hnsb- 19, 1128.

The value of the N of dried poultry manure was compared with that of ammonium sulphate iu
148 field expedments done during the period 1933-39. In I I of these exp€riments the P of poultry
manure was lested agaiNt superphosphate. The dried poultry manure as us€d contained on the
averago: dry matter 85.9%,N 3.6%,PzOs 3.6l,KzO t.8%. When the N comparison was made
at one rate only (60 units N per acre) the ammonium sulphate equivalent of poultry manure $/as
5l % in 41 experiments in potato€s, 65 % in 20 experiments with kale and 751in four experiments
with mangolds. When each manure was tested at 40 and 80 units N the sulphate of ammonia
equivalents w€rE : potato€s 50 % at each rate of N ; bruss€ls sprouts 58 % at ,lO units and 43 % at
80 units ; kale 17 I and 28/.; sweAes &/. atl'd t5 .9(.

Crops for which poultry manure wzls on the average equal to or better than sulphate of
ammonia were sugar beet, red b€et, early potatoes, French and runner beans, broccoli and
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vegetable marrows. The €xperiments with vegetable crops were few and more are neede.d with
thes€ crops that seem to respond especially well to poultry manure. There was a strong and
consistetrt negative ioteraction betwe€n poultry maDure and ammonium sulphate when giveo
together.

The P value of poultry manure was not well determircd becaus€ the p re,spons€s were usually
small, but on a Pieficient boulder clay soil brussels sprouts responded much better to poultry
mamrre alone than to ammonium sulphate alone. There was a negative interaction b€tween
poultry manure aDd superphosphate on this soil.

Ammonium sulphate and superphosphate used together almost always gave larger yields than
poultry maDure containing the same amount of N and P. When light dressings (l l cwt/acre) of
poultry manure were repeated for seyeral s€asons the cumulative etrects were small. The residual
effect from 22 cwt of dried poultry manure for a s€cond crop was not consistently better than
from an equivalent dressiDg of ammonium sulphate.

Ferm
l5.l Moff Tr, J. R. (1971) Loog-term effects of cultivatioDs. J. ptoc. i,,.$tn qric. hgts.

25, t6t-165.

Broom's Barn Experimental Station

GENmIL PaPERs

16.l CooKE, D. A. (1970) The control of ectoparasitic nematodes of sugar beet in Britain.
Ptoc. 10th lnternational Sympo$um of European Nenatologhts, 1970, 146-147.

16.2 DRAyco'm, A. P. (1970) The ne€d for magnesium by sugar beet. pertwee Report,
Spring 1970, p. 13.

16.3 DR^ycorr, A. P. & DURRAN.I, M. J. 0970) Magr€sium fertilisers for sugar beet
(Part ID. 8r. Sug- Beet Ret. X,175-lEO.

16-4 DUNNTNG, R. A. (1970) What to do about Docking disorder. Aruble Farmer,Fehttary
1970.

16.5 HEATHCoTE, G. D. (1970) Caddis flies. Trans. Sufiolk Nat. Soc.l5,219-221.

16.6 HEArHcorE, c. D. (1971) Weeds, herbicides and plant virus diseases. proc. loth
Btitith Weed Conrrol Conference, 1970, 3, 934-941.

Plprn rx RorruusrrD REpoRT, PART 2

16.7 WHTTEHEAD, A. c., DuNNrNc, R. A. & CooKE, D. A. (197t) Docking disorder and
root ectoparasitic nematodes of sugar b€€t. Rep. Rothamsted exp. St for 1970, Patt 2,
219-236.

Ectoparasitic nematodes, especially species of Trichodorus (stubby root nematodes) and Inngi-
dorus (rleAle nematodes), feed on and damage the root tips of sugar beet; Docking disorder
is the poor growth of sugar beet resulting from this primary damage. Yield loss do€s not depend
only on the number of nematodes in the soil, but also on other ioteracting factors, especially soil
structure and rainfall, which affect the numbers and activity of the nematodes, the nutrients
available to the s€edlings and the vigour of root growth. Modertr cultural practices, esp€cially th€
use of herbicides and drilliog to a stand, probably increase the prevaleuce and severity of Docking
disorder. Approximately m 000 acres of sugar boet suffered from Docking disorder in 1969, at
an estimated yield loss exceeding 50 (m tons of roots.

Damagp can be alleviated by correct u-se of nitrogen, principauy by avoidiug leaching or
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replacing the dtrogen lost by leaching, aod it caD be prevented by nematicides. Fumigaring all
the top soil with 'D-D' or 'Telone' kills nearly all the nematod€s and greatly increases the yield
of sugar b€et and other crops in the rotation, but is expeDsive. Small amounts of fumigant r)r
systemic nematicides applied to the sugar-beet rows at or before sowing kill most of the nem r-
tod€s in the rows, or pr€vent them ftom feeding on the roots, allowing the s€edlings to grow
vigorously, and can greatly ilcrcase yield.

RTSEARCH PAPERS

16.8 ByFoRD, W. J. (1970) Experiments on the eff€ct of plant losses after singling on ttrc
yi€ld of sugar boet. Pl- Poth.19, 169-171.

Removing altemate plants from sugar-beet crops during the first week of either June, July <,r
August decreas€d sugar yields by 5, t6 and 33 f and removing altertrate pairs of plants, by lo,
19 aD,d 35% respoctively. This must bc taken into account when estimating cropyield lossrs
from yi€ld loss€s suffercd by sirgle inf€cted plants.

16.9 ByroRD, W. J. & (CARTER, S.) (1970) Myxomycetes on beet strf,,d. Tra s. Br. mycot.
Soc. 55, 3lG3lE.

Didymium iridis @itmar) Fr. and Diderma deplatatum Fr. were found frequently on b€et s€sl
sampl€s from England, Italy and U.S.A., ar:.d D. deplanatum on a sample from France. Didymiutt
trachysporum G. Lister, iryas found on two samples from Italy.

16.10 (BoyD, A. E. W., ERSKTNE, D. S. C.), ByroRD, W. J. & WEBB, D. J. (1970) A herbicid,:
induced abnormality in sugar-beet. Pl. Path- 19, 163-164.

A twisting of the root below grouod level, sometimes so severe as to break the root, was found irr
Scotland and England in 1966 aqd 1967 itr sugar-beet crops gxown in soil treated wirh herbicidcs,
principally, but not exclusively, propham. The abnormality was most s€vere when the herbicido
was worked into the soil either after or immediately b€fore drilling.

16.ll DRAycorr, A. P. (1971) Fertiliser requirements of sugar boet on p€3ty mitreral anc.
organic mineral soils. -etpl. flarr. (In the press.)

Eighteen experiments (1966-69) were made oD peaty mineral and organic minenl soils to tesl
lhe fertiliser requirement of sugar beet. All \rere on commercial farms round the Wash and
tested nitrogeo (0, 0 6 and l'2 cwt/acre N), phosphate (0, 0 75 and l'50 cwt/acre PzOr), potash
(0, 1.00 and 2.00 cM/acre KzO) and agricultural salt (0 and 1.2 civtlacxe Na) in a factorial
design.

On average, 0.6 cwt/acre N, 0.75 cwt/acre PeOs and no salt or potash gave near-maximal yield.
There was no importaDt interaction between the four elements. The effects of the fertilisers otr
individual fields differed widely, both io the magnitude of their effect on yield and in tho amount
needed for maximal yield. On a few fields the crop needed l'2 cwt/acre N, and a few crops needed
l'50 cwt/acre PzO5, but none responded significantly to potash or salt.

16.12 DRAycorr, A. P. & DURR Nr, M. J. (1971) Efrects of nitrogen fertilis€r, plant popula-
tion aod irrigation on sugar beet. Part II. Nutrient concentration and uptake. J.
qsric. Sci., Canb. 76.269-275.

The coacentratioDs of nitrogen, phosphorus, potassium, sodium, calcium and magnesium was
mesured in the dry matter of sugar beet from four field experiments (l 96ffi9). All combinations
of four amouDts of nitrogen fertiliser (G-l .8 c$t/acre), four plant popdations (8800-54 000 phnts/
acre) and inigatioll were tested, which gave a wide range of plant size and yield. Nutrienr co[-
centration and uptake by the crop were also greatly affected by the treatments.

Nitrogen fertiliser and irrigation increased uptake of nitrogen by the crop but increasiog the
plant population had little effect on uptake and decreas€d the concentration of nitrogen. Sugar
yield was related to the total oitrogen concentration in tops and roots and to uptake. There
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were optimal values of nitrog€n coDcrntratioo for maximal sugar yield, but the optima were
grcatly affected by plaot population. Leaf colour was a good guide to nitrogen concetrtration.

Phosphorus concentration was affected little by the treatments but cation concentrations
were greatly affected. In general, uptake of all the elements was increased by all treatments-the
exception was sodium, which decreased as the plant populatioo increased but this was balanced
to some exteot by increas€d potassium uptake.

16.13 DRAycorr, A. P. & DuRr N"r, M. J. (1971) Effects of nitrogen f€rtilis€r, plant popula-
tion aDd irrigation on sugar beet. Part III. water consumption. l. agric- Sci., Camb-
76, 277-282.

A neutron moderation meter was used to measure soil moisture H ft deep in plots of sugar
b€et carrying two plant populations (8800 and 54 00o plants/acre), each with and without
irrigation. Recordings began in April or May in each of thrce years (1967-69) after sowing the
crop, aDd conlinued at one- or two-week intervals until harvest in October.

The measured soil moisture defrcits were very similar to potential deficits calculated from
meteorological measurements. This indicates that the caop could extract the water needed for
transpiration from the soil eveD when the deficits were quite large (more than 5 in. itr 1967),
which probably explains the small response to irrigation by sugar beet in England.

When the soil moisture deficit increased rapidly early during the season (1967), the crop
extracted water from th€ soil by exhausting the available water from progressively deeper hori-
zons, whereas when the deficit increased rapidly late during the season (1969), water was still
beitrg extracted from all horizons until harvest, Both decr€sing the plant population and
irrigating decreased the amount of water used from depth in the profile €very year.

The tolal amount of water used (evaporation plus traospiration), on average, from soil
res€rves and rainfall, was 12.2 in. by the small population and 13.4 in. by the large populatioD.
When irrigated, the consumptioD increased to 14.2 in. and 15.4 in. respectiv€ly. The difference
in usage between populations was almost entirely from the differencr in leaf cover early during
the season. The water consumption in 1968, when the summer was wet, w,rs only two-thirds of
that in 1967 and 1969 when the summers were drier.

16.14 DRAycorr, A. P., HULL, R., MEssEM, A. B. & Wrag, D. J. (1970) Effects of soil com-
paction on yield and fertiliser requirement of sugar b€et. J. aqric. Sci-, Camb.7s,
533-537.

Five exp€riments (1967-69) on soils formed from calcareous drift examined the effects of soil
compaction on seedling emergence and yield of sugar beet, also the interaction between compac-
tion and response to nitrogen fertiliser (19 and phosphate fertiliser (PzOs). Some seedbeds were
compacted in winter, others in spring and others prepared with the minimum of campaction;
each was tested with 0'6, l'2 and l'8 cwt/acre N plus 0 8 cwt/acre additional PzOr. All plots
were given a basal drcssing of 0'8 cM/acre PzOr and enough of other major nutrients.

Compaction decreased seedling populatioos in four expedments but increased it in one year,
when the weather was dry while the seeds were germinating. However, in every oxperiment
compaction significantly decreased yield of roots atrd sugar. It also intetacted with the fertiliser
treatments, significantly on average, increasing nitrogen rcquirement and decreasing phosphate
requiremeDt. On average, 0 6 cra't/aoe N and l'6 cwt/acre P2Or gave the greatest yi€ld wilhout
compaction and l 2 cwt/acre N and 0'E cwt/acre P2OE with compactioD.

16.15 DRAycorr, A. P. & L^sr, P. J. (1971) Some eff€cts of partial sterilisation on mineral
nitrogpn in a light soil. J. Soil Sci./z. (In the press.)

Field plots on loamy sand with and without soil fumigant 'D-D' (dichloropropane-dichloro-
propene mixture) were sampled at O-12, 12-24, and 24-G cm depths during May 196tr8.
All plots received 125 kg/ha nitrogen fertilis€r early in March each year and were cropped with
suSar b€€t. Fumigation inoeased the total amount of mineral (NHl+ * NO: ) nitroSen to a depth
of 64 cm by 67 kg,/ha on average, largely by incrasing NHa*-nitrogen' In unfumigated plots
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some mineral nitrogen leached below 12 cm every year but ther€ was at least 125 kg//ha in tte
surface 64cm in 1966 and 1968; during the wet spriog of 1967 much leached below 64cnl.
S€quential sampling in 1968 confirmed that some of the fertiliser nitrogen moved down the profile
during spring.

Plots partially sterilised either one or two years previously and not again, contained the same
quantity of mineral nitrogen as plots that had never been fumigated. Fumigation increased the
mioeral nitrogen in plots by a similar amount whether or not they had been fumigated previousll,.
Thus, on this soil, partial sterilisation with 'D-D' seemed to have little residual effect on min€r..I
nitrogpn.

16.16 DRAycorr, A. P. & WEBB, D. J. (1971) Efects of nikogen fertiliser, plant populatiou
and irrigation on sugar b€et. Part I. Yields. J. furic. Sci., Can b.76,261-26'l

Five experiments (1965-69) on calcareous sandy loam tested all combinations of four amount;
of nitrogen (O-l'8 cwt/acre N) with four plant populations (70m-54 000 plants/acre) given
to sugar beet gown with and without irrigation. On average, nitrogen and plant population
influenced yields greatly but irrigation relativoly little. In all years, between 0.6 and 1.2 c,rltlacro
N and between l7 000 and 32 m0 phnts/acre gave largest sugar yield. Giving more nitrogen oi
increasing the plant populatioD neither increased nor decreas€d sugar yield much in any year.
Irrigation was beneficial in only two out of five years.

Sugar yield was linearly related to root dry-matter yield. Although total dry matter wa$
gleatest when the largest plant population was given the Iargest dressing of nitrogen aDd irriga-
tion, lhe proportion of dry matter in the roots was decreas€d by all three factors.

16.17 HEArncorE, G. D. (1970) Effect of pelleting sugar-beet seed with menazoo. ,.f..R.r.
(J- Inst. Sugar Beet Res.) 5,42-51.

Menazon powder was incorporated with sugar-beet seed pelleted by the 'Filcoat' pro€ess.
Although in the glasshouse more s€edlings grew from meuazon-treated pellets sown in heat-
treated compost than from untreated pellets, in the field often fewer seedlings emerged. On
averag€, the population of $een and of black aphids was twice as large during June on plants
grown from seed pellets without menazon as on those from menazon-treated p€llets, but aphid
populations differed litde during July. Virus yellows did not spread widely in 1968 or 1969 and
treating seed by pell€tiog with menazon did not limit the late spread of yellows.

16.18 HEATHCoTE, G. D. (1970) Effect of plant spacing and time of sowing of sugar beet on
aphid infestation aod spread of virus yello'trs. Pl. Path.l9,32-39.

Aphid infestation and incidence of platrts with virus yellows in sugar-boet clops at Broom's
Bam Experimental Statiotr from 1964-68 differed Srearly with chaneps in densities of stand
ranging from 8000 to 68 000 plants/acre (0.4 ha), aDd with chang€s in sowing date. The numbers
of Myzus pericae and of Aphis fabae ifi(Fling b€et during June and July, the rumbers of virus-
infected plants/unit area, and the perceqtages of plants with yellovrs usually deoeas€d as the
pla[t population increased, but usually iocreased with delay in sowing from mid-March to early
May.

16.19 HEATHCoTE, G. D. (1970) The abundance of grass aphids in eastem Eogland as shown
by sticky trap catches. Pl. Path.19, 87-90.

The numbers of several species of grass aphids caught on cylindrical sticky traps at Rothamsted
Experimental Station from 1942-46 and from l95l-59, aod at Broom's Barn Exp€rimental
Station from 19fu9 are given. Some of the sp€cies were attracted to yellow traps; othe$ are
not strongly attracted to yellow but are impacted by the wind on sticky traps. Macrosiphum
avenae aod, Metopolophium dirhodun were exceptionally abundant at Rothamsted in 1968.
M. avenae was also exeptionally abundant at Broom's Bam in 1968, but the Iargest catch there
of M- dirhodum was it 1961.
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16.20 HULL, R. & WEBB, D. J. (1970) The effect of sowing date and harvesting dato on the
yield of sugar beet. J. agic. Sci., Camb.75,223-229.

A field experiment in each year 1963 to 1967 io Suflolk, Engtand, tested the effect on yield of
sugar beet of sowing dates ranging from 13 March to I I May and harvest dates ranging from
20 S€ptember to 8 D€cember. Sowings in March or early April gave similar yields of sugar but
with later sowings yield decreased progressively faster. The relationship is represented by the
equation

, : 106 3 (*2'23) + 0'212 (+O.l&)x - 0.0@ (+0.m3)rr,
y : yield as percentage of mean (60.1 cwt/acre of sugar), r : numb€r of days after 12 March.

D€layed harvest increased sugar yield; the relatiorlship is represented by the equation
y : 80'22 (it'st\ + 0.836 (10.09)2 - 0.006 (+0.001)zr,

z: numb€r of days after 19 Septemb€r. This repres€nts an increase of 0.247 cwtl?qelday of
sugar in October and 0.083 cwt/acre/day in Noyember, e{uivalent to about 2} rons/acre of roots
in October and I ton/acre in November.

The effect on sugar yield of different lengths of growing period, which ranged from 138 to
271 days, is presenred by the equation

y:38'7 (*26 6) + 1.045 (+0.267)4 - 0.0017 (+0o007)dr,
a : number of days between sowing and harvest.

On average, sowing date had negligible effect on sugiu percentage at harvest. In 3 years sugar
percentage increased after the first harvest to a maximum and then decreased; in 2 years it
de$eased with cons€cutive harvests.

16.21 lrNcDEN, P. C., JoHNsoN, M. c. & Lolr, B. (f970). Sugar-beet seedling emergence
prediction from radiogiraphs. .r. int. Inst. Sugat Beet Res. (In the prcss.)

Equipment designed to speed the radiography of monogerm sugar-b€et s€eds is illustrated and
the technique of radiography described. Results from six experiments, with a total of about
12 000 seeds, show that .rss€ssment of the radiographs could be used to predict seedling emer-
gence such that when all results were plotted, s€edling emergence O,) seemed to be linearly
related to radiograph predicrion (x), aod the equation of best fit was y : 0.88.r - 4.22 (correta-
tion coemcient 0.65 with 95 d.f.), in which the extreme yalues of .r encountered were 49 atd92%,,
The relationship between seedling emergen@ (y) al1d laboratory germination test predictions
(x) was also linear wirh the equation of best fit given by / : 0.94x * 0.72 (correlation co€fficient
0.73 with 95 d.f.), in which extreme values of r were 29 aqd 79. Radiograph predictions of
emergence were therefore almost as accurate as standard laboratory germination tests and took
only 2 hours instead of l5 days to complete. The consistent overestimation of emergence by
radiograph assessment was examined by recovering failed seeds and diss€cting them. Most
appeared sound and th€ importance of seed dormancy is being investigared, Radiograph predic-
tion (r) of standard germination test (/) was quite good, and the linear regression equation of
best fit was / : 0.57.t + 20.9 (correlation coemcient 0.79 with 95 d.f.).

16.22 Scorr, R. K. (1970) The effect of weather on rhe concentration of pollen within sugiar-
boet seed crops. Aru. appl. Biol.6,ll9-127.

The conc€otration ofpollen in the air within diploid open-pollinated sugar-beet crops at Broom's
Bam Exfrerimental Station increased between 05.00 aod @.00 G.M.T. as relative humidity
became less than 90 %, was greatest between @.00 and 11.0O whetr relative humidiry was c. 75 %,
and gadually decrcased towards evening. The average polleu concentration during 24 hour
periods ranged from 170 to 12 iloo/ms and were greatest on fine, windy, dry days after periods
of coolor weather. Rain duritrg the moming washed pollen out of the air and damaged developing
anthers, but rain in the late afternoon following a sunny moming seemed hardly to affect the
pollen catch, whereas rain at night sometimes caus€d an immediate temporary increase in pollen
coDcrntration. Most pollen was released between 27 June atrd 3l July in all years (1965-67);
more in the first than in the s€cond half of July. 1965 was cool arld damp, 1967 warm and dry,
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1966 warm and dry early and cool aod wet late. The total pollen catch in 1965 was 831alid'lm
1966 3l y" of lhat in 1967, but the percentage germination of seed harvested in the 3 years was
similar.

The total pollen catch oo a trap 230 m east of the 1965 crop was c. I % of the catch within tlre
crop on days with gusty westerly winds and the catch on a tmp c. 46 cm above the 1966 cr(|p
averagd'78.6y" of that at the level of mosl flowels.

16.23 Scorr, R. K. & I-oNGDEN, P. C. 0970) Pollen release by diploid and tetraploid suear-
beet plants. Ann- appl. Biol- 66,129-135.

Pollen reteased during rhree summers at Broom's Barn, Sufrolk, by diploid and letraploid
multigerm sugar-b€€t plants was caught by automatic volumetric spore traps and by glaris

fuDnels situated iD the crop. Tetraploids produced on average 667. as much pollen as diploid:,
their pollen gxains were larger and they needed drier air to releas€ pollen, the concentration of
which increased more slowly e3rly in the day and was particularly small on dull, damp dayt.
Pollen catches from diploids and tetraploids decreas€d at a similar rate with increasitrg distance
from the pollinato$. The germination of fruits harvested from male-sterile plants among the
pollinators was consistently less with a tetraploid than with a diploid pollinator, but was n(,t
affected by distaoce of the male-sierile plants from either pollinator.

Soil Suney

BooKs

l1.l Cnoumo\ A. & MAr-rHE\ s, B. (1970) Sor/J of the lzeds districr. Harpen(jF,t:
Rothamsted Experimentat Station, viii, 221 pp.

17.2 ConrrT r, W. M. & T^rLE, W. (1970) Soil in Norfolk, Sheet TM 49 (Beccles Notth).
Harpendetr: Rothamsted Experimental Station, viii, 129 pp.

I'1.3 HALL, B. R. & For-r.tto, C. J. (1970) Soils of Ladcashire. Harpenden: Rothamsted
Experimetrtal Station, -r, 179 pp.

17.4 RUDEFoRTH, C. C. (1970) Soils of Notth Cardigonshire. Harp€nden: Rothamsted
Experimental Station, viii, 153 pp.

17.5 Micronwrphological techniques and opplicario,ts 0970) (Ed. D. A. Osmond & P.
Bullock). Harpenden: Rothamsted Experimcnial Station, ll0 pp.

GENERAL PAPERS

17.6 A\.ERY, B. W. (1969) Problems of Soil Classification. ln: The soil ecosystem, Ed.
J. G. Sheals. The Systerratics Atsociation Publicatioq No. E,9-15.

17.7 BuLLocK, P. & MACKNEY, D. (1969) Clay translocation in soils. Rep. Welsh Soils
Discussion Group No. 10, lll7.

17.8 CopE,D. W. (1969) Soil Survey of Long Ashlon Research StatioL Rep. Iong Ashton
Res- Stn lu 1969, l70.l8/..

17.9 HALL, B. R. (1968) The lowlaDd peats of Lancashire. Proc. North of England Soils
Discussion Group No. 4, r12.

17.10 HALL, B. R. 0968) Report on a field meetiDg in south-west Lancashire. Proc. North
of England Soils Discussion Group No. 4, 25-36.
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l7.ll M^cKNEy, D. (1969) The agonomic silpifcapce of soil mapping uoits. lni The soil
ecosystem, Ed. l- G. Sheals. The Systenatics Association publicatiol No. 8, 5fu2.

17.12 M^Trc:ws, B. (1969) The soils of the York district. proc. North of Eagland Soils
Discussion Group No. 5, l-l I.

17.13 MArnrEws, B. (1969) Report otr a field meeting i! the Vale of york- ptoc. Norrh
of Englad Soils Discussion Group No. 5,2947.

17.14 THoM ssoN, A. J. & AvERy, B. W. (1970) The soils of Hertfordshire. (Spec- Surv.
Soil Srrv. No, 3.) Harpendeo: Rothamsted Experimental Station.

17.15 WEBsrxR, R. (1969) Aerial photography in soil and land survey. Rep. lletsh Soils
Discussior Group No. 10, 49-54.

17.16 WEBsrm, R. (1970) Soils. lro:. The Evergreen lorcsts of Marapi. Commonwealth
Forestry Institute, Oxford.

17.17 WEBSTER, R. (1970) Terrain classification and evaluation using air photography: a
review of rccent work at Oxford. Photogrummetia X, 5l-:75.

RxsEARcH PAPERS

17.18 BuLLocK, P. & MACKNEY, D. 0970) Micromorphology of strata in the Boyn Hill
Terrace deposits, Buckinghamshire. IJt: Micromorphological techniques and opplica-
tions. (Tech. Monogr. Soil Surv. No. 2.) Rothamst€d Experimental Station, pp. g-
105.

The petrographic characteristics and origin of lamellae and interlamellae, differing from each
other in clay and iron contetrt, arc discussed.

The relative parts played by pedogenic and geological process€s in the formation of strongty
oriented argillans around skeleton gains in both lamellae and interlamellae are examined. Field
evidence suggests a geological origin for some lamellae, whercas pedogenic clay illuviation is a
possible factor in the formation of others with similar micromorphological properties.

17.19 CLAYDEN, B. (1970) The micromorpholog/ of ochreous B horizons of sesquioxidic
brown earths developed in Upland Britain. In: Micromorphological tecbriques aad
application. (Tech- Mologr. Soil.larr. No.2.) Harpenden: Rothamsted Experimental
Station, pp. 53-fi.

The micromorphology of the B horizons of s€squioxidic brown earths is described with sp€cial
refereoce to three representative profiles. The fabrics are of two kinds. The first is a very wghy,
itrtertextic fabdc, composed of very fne, rounded blocky primary peds, and closely resembles
the diagnostic fabric of crumbly spodic horizons. The s-matrix is characteristically silasepic.
The second is a less porous porphyroskelic fabric lacking pellet-like primary peds and norm;Iy
has a sepic s-matrix; it crnforms closely to the fabric of a cambic horizon. The porphyroskelic
fabrics are associated wirh soils of fine texture. Subdiyision of the soils bas€d on the micro-
morphology of the B horizons, however, is not supponed by caiteria based on field morphotogy
or chemical analysis.

17.20 (Cu^N r.o de la C., H. E.) & WEESTER, R. (1970) A comparative study of numerical
classification of soil profiles in a locality near Oxford. Pt. l. Analysis of 85 sites.
J. Soil Sci.2l,3{0-352.

Data for 85 soil pro6l€s, taketr at random within 17 physiographic units in a l00O km2 arra near
Oxford, aud each characterised by 37 properti€s, were analysed by two sets of multivariate
techniques. Principal component analysis yielded two compotrents accounting for 44% of tlrc
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total variatioD, and the distribution of the profiles along thes€ components is plotted as a scatr:er
diagram (ordination). Similarity analysis and hierarchical grouping (classification) were pcr-
formed using thiee differert similarity indices, two different standardisation techniques, and
three differcnt sorting strategies. Before analysis the profiles were classified by two pedologists,
independently using thcir judgement.

For the brown earths there was modemtely good agreement between the results of the tiJo
eanlier classifications and b€tween them alrd thos€ produc€d by the s€veral numerical procedur:s.
The degree ofclustering was sligit and much less than imagined before analysis. For the gleys so:ls
there was no evident clustering. Difrerent numerical procedures gave different results, as alio
did the two earlier classifications. Pedologists fac€d with difficult classificatory dccisions cannct
look to any hierarchical clusteriog strategy as arbiter, though they should get guidance from a
principal compoqent plot,

17.21 (EDMoNDS, D. T., PATNTER, R. B.) & AsHLEy, G. D. (1970) A serni-quantitative hydrr)-
logical ctassification of soils in north€ast England. J. Soil sci.21,257-2@.

Multiple regression equatiotrs relating the times-to-peak of flood hydrographs on 26 rivers in
N.E. England with the characteristics of causative minfall and thos€ of the relevant river basir,
showed flood-wave formation to depend largely on storm duation and the average minimurn
itrfiltration rate of the soil. Other significant factors were the initial flow in the river, temporal
variation of rainfall during a storm, and main river channel length and slope.

17.22 GREENE-KELLY, R. & MACKNEY, D. (1970) Preferred orientation of clays in soils: the
effect of drying and wetting. lt:. Micromorphological techaiqres and applicariot-;.
(Tech. MonogL Soil Surv. No. 2.) Harpenden: Rothamsted Experimental Station,
pp. 43-52.

The origin of the optically birefringent oriented clay observcd in sections of many fine-textursl
soils is briefly discussed. Experiments designed to evaluate the effect of drying atrd wettin.g
remoulded clay soils on the orientation ofclay particles showed no significant change in orienta-
tion,

17.23 MATncws, B. (1970) Age and origin of aeolian sand in the Vale of York. Nclare,
Lo\d. t27 , 123U.

Sand deposits within the area of glacial Lake Humber and nonh of the Escrick moraine wero
studied. The evidence suggests that they are aeolian and originally deposited during the later
part of the Weichselian glacial stage aDd early Flandrian time when vegEtalion was sprus€ an(l
the ground partly frozen. It is largely these areas, and some of morainic fine sands, that non'
blow.

17.24 RUDEFoRTH, C. C. (1969) Quantitative Soil Surveyhg. Rep. Welsh Soils Discussion
Groz2 No. 1O,42-47.

Soil properties are recorded at regular (grid) intervals, then related quantitatively to laod utrits
derived mainly from air photographs and geological maps, The advantages of the techdque
over conventional survey methods are illustrated with reference to two I : 25 000 sheets in
Pembrokqshire-

17.25 RuDEroRrH, C. C. (1970) The micromorphology of surfac€-wat* gley soils. In:
Micromorphological techniques and applications. (Tech- Monogr. Soil Sary. No. 2.)
Harpenden: Rothamsted Experimenral Station, pp. 69-81.

Surface-water gley soils have lower horizons of fine texture, close-packed medium texture,
medium or coars€ texture with clay filled interstices, or of material made impervious by a
chemical prccipitate. These horizons restrict water moyement and cause gleying above and often
within themselves-
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The microfabrics of the restricting layers and overlying gleyed horizons are descriH with
particular reference to matrix colour, cutans, glaebules and voids. Argillans iDdicate clay
movement in many surface-water gley soils. Glaebul€s are often more diffuse in gleyed than
ungleyed horizons. These f€ature6, and colour contrast in void cutaDs, aid horizon classitrcation.

17.26 RuDEFoRrrr, C. C. & TtrouessoN, A. J. (1970) Hydrological prope ies of soils in rhe
River Dee Catchment. (Spec, Surv. Soil Surv, No. 4.) Harpenden: Rothamsted
Experi mental Station.

A field atrd laboratory study of soils, occupying l00O km2 of the Catchment abov€ Erbistock
in Denbighshire, giving soil hydrologic information useful in planning improvements in water
control and supply.

MAPs

17.27 HALL, B. R. & FoLLAND, C. J. (1970) Soil Association Map ofthe County oflancashire.
I : 250 000, SouthamptoD: Ordnance Survey.

17.28 A\TRY, B. W., K]NG, D. W. & THoMAssoN, A. J. (1968) Hertfordshire, I :250000,
Harpenden: Rothamsted Experimental Station.
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I : 63 3@, Southampton: Ordnance Survey.
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Forest, Sheet I (Swaffham), I : 25 000, Southampton: Ordnance Survey.
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17.32 HoDcE, C. A. H., CoRBEn, W. M. & CARRoLL, D. M. (1970) Soils of the Breckland
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