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Physics Department

GENRAL PAPERS

1.1 BRowN, N. J. (1969) Cereal cultimtions and the prosp€ct of new
techniques for the future. Faming World,23 laarary 1969.

1.2 PSNMAN, H. L. (1969) Weather, 1968, Trans. He s. rat. Hist. Soc.
Fld Club26. (In the press.)

RTSEARCH PAPBS

l-3 Cvnnn, J. A. (1970) Heterogeneous distribution of nutrients, ak aod
water within tl]f soil- Repo of Welsh Soils Discussion Group l,.. 0t
the press,)

Ln soil sciGtrc€ we are concemed with the environmeot provided for the roots of
our crops but to what extent do we assoss our soils in terms of lhe n€eds of thes€
roots? These needs are space to grow, water, nutrients and air. These are
measured, for example, as bulk density, water content, available N, P or K,
and porosity. All these measurements are referred to the whole soil and pre-
suppose random distribution and uniform availability. In most soils, however,
the pore system is far from random. Discrete blocks of fine-pored soil, the peds
of nature, or clods and crumbs of man-made tilth, are separated by a more or
less contitruous system of Iargq pores- Tbe larger pores, which are most likely
to contain air and permit easy passage of the roots, hold neith€r water oor the
associated nutrieuts. These are in the fi[e-pored matrix which is less accessible
to roots aod possibly anaerobic.

Measurements of gas€ous dift$ion through soils have b€€tr used to discuss the
effect of this heterogeDeity of pore structure on soil aeration.

1.4 C'uRRE, J. A. 0970) Movement of gases in soil respiration. In:
S.C.I. Monogr.37. (Io the press.)

Gas€s rDay move through soil by mass flow or molecular diffusion. The magni-
tude and merit ofeach proc€ss in ventilating the soil pore system are considered.
The exchange of gases under the influence of turbulent atmospheric pressure is
attracting increased atteDtion and is discussed here at gr€ter length, The amount
of gas that must be moved is importatrt itr ass€ssing the efrcieDcy of a iransport
m€cbanism, Some exp€rimental results for seasonal atrd daily variations in soil
respiratioo rates are pr€s€nted for cropp€d aud uncropp€d soils.

1.5 LAXE, J. V. (1970) Glasshous€ and leaf canopy enclosures as tools for
studyiog the effects of environment on the growth and nature of the
photosynthetic apparatus. bi Producrivity of pholostlthetic systems,
Ed. I. Sedik. (Proc. I.B.P. Techoical Meeting, Trebon.)

Ore object of studies of this kind is to provide a quantitative basis for dyoamic
models of the effects of weather on crop grollth. The problem is simplified by
considering only the effects of Ieaf temp€rature and the rate of carbon dioxide
exchatrge, instead of the numerous interacting environmental factors on which
they depend.

IJaf temperaturo can be coDtrolled acaurately in naturally illumioated plaEt
enclosur€s, proyided the air is stirred vigorously and the illumioation is diffuse.

The rate of carboD dioxide exchange can be conkolled manually for a few
hours at a time and, in principle, automatic coDtrol could be maintained for
days or weeks.
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Glasshouses aud portable leaf catropy enclosures covercd with glass or plastics
can be used both to apply different enviroEmental treatmeots of this kind and
to measure the resulting eff€cts on photosynthetic function.

1.6 LAXE, J. V. & (BE6c, J. E.) (1970) Conductimetric measurements of
carbon dioxide concentration usi[g <le-ionised wat€r. Itr: Pldrrt photo-
sy hetic production: monaal of mcthodt, Ed. Z. Sestak and J. Catsky.
Academic Press.

An earlier descriptioa is amplified with details of r€c€nt experieDce and modifica-
tions. A theoretical comparison shows that an instrumeDt in which the air and
water are in counter-flow is iDhereutly faster in response and more sensitive
thau oDe with parallel flow.

1.7 PARxrNsoN, K. J. (1970) The effects of silicone coatings on leaves.
J. exp. Bot.21. (In the press.)

Dimothyl silicones of viscosities 0.25, l0 and 125 St were applied to leaf surfaces
atrd th€ir effects on the rates of traDspiration aDd photosynthesis were measured.
The effect of the l0 and 125 St materials lasted more than 16 days, decreasing
both photosynth€sis and transpiration. The diffusion coemcients of water vapour
and carbon dioxide through l0 St silicone were measured in a s€parate experi-
ment and it is showo that the leafresults can be interpreted as atr almost complete
silicone cover over the stoEBtes. Calculations show that for materials with
DHzO/DCOz greater than 1'6 (free air ratio), provided they have oo physio-
logical effects, the most effective mode of action would be complete blockage of a
fractiou of the stomates rather than partial blockagp of all,

The amount of water saved by doubling the stomatal resistance of three crop
trpes (shon grass, farm crops, and trees) in two clntrasting etrvironments
(S. Etrgland and Califomia) is calculated, and it is infered that anti-transpirants
would be most eff€ctive wh€n applied to well-watered tall crops in regioos of
high evaporatiYe demand.

1.8 PAm(NsoN, IC J. & PENMAN, H. L. (1970) A possibl€ source of error
in the estimation of stomatal resistauce. I. exp. Bot.2l. (In the prcss.)

During transpiration, water vapour diffusing through the stomata moves through
air that has no mean motion: the difrusive inward flux is balanced by an outward
mass flow. The effect is to accelerate outward diflusive flow (water vapour : COs
in respiration) aod retard inward diffusive flows (air : CO2 in assimilation), and
alter the apparent ratio of diffusion coefficients. The magDitude of the effect is
calculated theoretically, and estimaied practicaly for an experimeqt on sugar-
b€et leav€s. For this panicular cas€ the error in estimating mcsophyll resistance
is nar 21, but for other conditions could bc much largE. Estimated values
of the apparent ratio of the difrusion coefficient of water vapour aDd carbon
dioxirle (true value : l'59) ranged from -0'027 to 2'79, but could lie an)$,here
betwe€n-and-l-co.

1.9 PENMAN, H. L. (1970) Woburn Irrigation 19@-1968. Iv. Design and
iDterpretation. l. a$ic. Sci.75. (In the press.)

Results are given for a s€cond period of 9 years, 6 on the pattem of 1951 to 1959,
with the last 3 years used for ad hoc managemeDt experimeDts, The meteoro.
logical specifrcation of a year of irrigation need' was satisfied iq 4 years: there
were god respons€s in 5 years. During the first 6 y€ars, out of 24 sets of crop
yields (frorD eight different crops), very good responses were obtained oD Dine,
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god respoos€s on eigbt, aDd zero or very slightly negative responses ou ttre
other seYetr.

A generat theory of the inter-relatiooships of growth aBd water, and of growth
and radiatioD, leads to an expression

& : 39. toDnes ha-l cm-l
as the maximum possible response to irrigatiou in terms of ,otal dry nl,afier
produced, where e is the fractioD of solar radiation fred by the crop (€ has a
range 50 to 100 x 10-4 for good to very good farming)-when irrigatiou is
needed, The 'need' is defioed tbrough

Y: KEt D- DnJ

where lis the yiel4 E is the total potential evaporation, Dr is a limiting deficit
up to which there is no check to growth (and beyoud, there is tro growth), and
D,r is the maximum deficit experienccd by the crop at the time of measuriog f.
The agronomic obj€ct of the exp€rimeDts is to determine Dr, i.e., what res€rve of
soil water can be used by the crop beforc furigation is necossary.

l.l0 h{}rAN, H. L. (1970) Wobum LriBtion 196G-1968. V. Results for
lets,. t. agric..Scr. 75. (In thepr€ss.)

Experiments on a saDdy loam, usi[g adequate fertiliser, gave:

(a) crop leld (as total dry rDatter) wh€n soil water content was kept Eear feld
capacity;

(b) a mcasure of the departure from field capacity (limiting deficit, Dr) that
produced no detectable change in yield;

(c) respons€s to irrigation:
(i) conveotional, as 6 Y/6-l;
(ii) a theoretical rnaximunu &, after allowitrg for Dr in the water balance;

(d) other informatioD, botanical and tecbnical.

Grarr (S22 Italian ryegrass)
Two-year crop, cut 14 times, @ober 1959 to ftob€r 1961.
(a) B€st yields: 1960, 15 t ha-l (e :

1961, t2 t ha-1 (e :
(b)Dr:5cm.
(c) (i) 6 r/61: l9@, O.36; 1961,0'43 t ha-r cm-r

(ii) k: 19@,0.4011961, 0.27 t ha-r cm-1.
(d) In 1960 irrigation was needed io spring only: the benefit was rnaintained ou

plots with large N and K dr€ssings, but aknost disapp€ared on those with
smell d6ssilgs (y: 1l t ha-l). In 196l rhe uoirrigated crop c.uld Dot
exploit all the limited surnmer rain: hence 6yl6l > k.

One-year crop, cut five times, March to October 1965.
(a) Yield, 12 t ha-1 (€ : 90 x lo-a, from emerg€oce).
(b) and (c) (i) The meteorological need was slight, Dr (above) was not exceeded,

and there was no response.
(c) (ii) k:0'45 t ha-r cm-r.

Lrceze @u Puits)
Thrcs,year crop, cut 11 tirEs, Aprit 1962 to Novemb€r 1964.
(a) B€st yields : 1962, 7 ; 1963, 8 ; 1964, lO t ha-!.
(b) D, : 11 cm for €stablished crop.

3&

100 x 10-{);
70 x l0-9.
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(c) (i) No respouse other than in 6Ist dry spriry of establishment. At frst cut
6 {6f : 0'18 t [a-r q1-r.

(ii) & : 0'26 t ha-r cm-r.
(d) Extra K s€emed to be helpful in sustaintug the early boneEt throughout the

3 years.

C/over (Climson)
One-year crop, drilled April aud cut (once only) July 1963.

(a) Best yield: 3 t ha-r.
(b) Dr, not detectably difrereDt from zero. (Evidence inadequate.)
(c) (i) I r/5r : 0'16 t ha-I cm-1.

(ii) k- 6Yl6r ('t).
(d) First cut completely defoliated irrigated crop, there was no recovery, aod the

exp€rimetrt was abandon€d-

Crover @orset Marl)
Oneyear crops undersown in previous barley crops, 1963 for 1964 (3 cuts),

1964 for 1965 (3 cuts).
(a) Best yields: 196/., 9 tha I (€ :: 60 x lQ-r); l!(J, $ f ha-r (6 ! 60 x l0-4).
(b) ,r : 2'5 flL
(c) (i) 5 f/DI: 1964,0.24 t ha-lcm-r. 1965, no response.

(ii) k: O.22 to O.34, &Wnding on method of derivation.
(d) The respoose to irrigation was slightly gr€ater on plots not p(eviously

irrigated in the badey year. In (c) the unceriainties arise out ofexcessive rain
after the 6rst irigation in 1965; there was estimated drainage from the
irrigated plots but not from the control plots. In 1964, the coDtrol plots failed
to exploit all the summer raiD.

Generql. Tl]c,re s€€ms to be a need to know two limiting deficits, one the Dr
of these papers, that is a measure of what can be tolerated without any check
to growth, and a s€cond that is a kind of maintenance defcit, Decessary to keep
the crop non-senesceDt so that it can use all the raiE it gets.

Irrigation greatly helped the establishment of all thrce leys, and both grass and
clover responded well to later irrigation. Luceme did not. In English units, the
limiting deficits, D,, for well fertilis€d established crops were--approximately-
4 in. for luceme, 2 in. for grdss, atrd I in. for clover.

l.1l PENM N, tI. L. (1970) Wobum Irrieation 1960-1968. VI. Results for
rotation crops. t. Aeric. Sci.15. (In the press.)

Experimeuts on a sa:ndy loarn, using adequate fertilis€r gave:

(a) crop yield when soil water contetrt was kept nelr field capacity;
O) a rD€asue of rhe departure ftom field capacity 0imiting de6cit, Dr) that

produced no detectable change in yield;
(c) respoDses to irrigatioD:

(i) coDYeotional, as 5V81;
(ii) a theoretical maximu4 k, after allowiDg for Dr in the water balaoce;

(d) other informatioD, botanical and technical.

Sugat beet
(a) Best yields of sugar: 1963, 9; 1964, 10;1965,8tha-1.
(b) Limiting deficit can incf,€as€ to c. 10 cm by end of September.
(c) (D Best 3 f/6L 1963,0'lE t ha-r cm-1(some need); 1964,0.62 t ha-r 5rn-r

Great D€€d); 1965, slightly negative (no need).
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(iD Inferred &:0.4 t ba-l cm-1 for sugar, and c. 1.0 t ha-l cm-1 for total
dry matter. For the period sowing to harvost the values of € are 0.7 and
1'8 x l0-2 respectively.

(d) Excess water (as io 1965) seerns to depress the sugar yield slightly.

Potatoes, rraiq crop Qnrt of an experiment otr control of nematodes, under
coDtinuous cropping).
(a) B€st fresh weight yields of tubers: 1966, 46, without irrigation; 1967, 38

with irrigation; 1968, 33, with irieatioD, t ha-r.
(b) Evidenc€ inadequate.
(c) R€spons€s were small, or negative;

(i) b€st respons€, in 1967,0.7 t ha-l cm-r.
(ii) evidence inadequate.

(d) Decreased yield in 1966 may bc caused by early summer leaching; the effect
was about equal to removing half of the nitrogen fertitiser applied.

Polatoes, early (Afian Pilot)
(a) Best fresh weight yields of tubers: l9fp,32; 1961,37;1962, 16 a ,',"-r, all

at larger of two nitrogen dressings, and after oormal cultiyation,
(b) Dr : 2'5 cm.
(c) (D B€st 6 r/87. 1960, l.1i 1961,2.0i 1962, 1.1 r ha-1 6a1-r.

(ii) k: 1.8 t ha-l cm-r for nitrogen at 0.6 cEt acre-l
k: 2.1 t ha-1 cm-l for nitrogen at 1.2 cwt acre-r.
Inferred values of e are t.l5 and 1.45 x 10 s.

(d) Weed conuol by chemical means failed: aU yiolds and responses were
decreas€d by about one-third.

Ba ey, spine (h@lor, Maris Badger)
After early potatoes, some plots had a crop of trefoil, ploughed io (sops of
1961, 1962,1963). Io 196E, barley was test crop in an experiment on fumigants.
Cropping in 1960 and 1964 was normal.
(a) Best yietds of gaiD, 3.4 to 4.8 t ha-r (without trefoil); 4.1 to 5.4 t ha-1(after

trefoil).
(b) Dr = 4 on before ear emergence, and uDimportaDt thereafter.
(c) (D B€st I f/6/, in 1962, c. 0.20 (no trefoil) and 0.30 (after trefoil) t ha-r cm r,

both at upp€r of two nitrogen dressings.
(ii) /r (for variety Proctor oDly, and no trefoil) : O.2O t ha-l cm-l and may

be independent of uitrogen treatmeDt.
(d) Previous management of early potatoes did not affect barley yields. For

196l to 1963-average yield of all treatments: 3.53 t ha-1-the average
responses were: to trefoil,0.46 t ha-l; to nitrog€n,0.76 t ha-l; to water
0'95 t ba-l, Trefoil halved the response to nitrogen, and rnay have incrased
the respoose to water.

Within limits, water and nitrogen seem to be intercha[geable as llvroage-
meDt factors.

Wheat, spring (1965, Opal, itr a norrnal experiment. 1966, 1967, Kloka in an
experiment with a dwar6.Dg compouod, CCC. Four levels of N fertiliser.)
(a) Best yields of grain, 1965,4.5; 1966, 5.E; 1967, 5.9 t ha-r.
(b) Dr = 4 cm before €ar emergence, and c. Erl4 thereafter. Tbe evidence is

flimsy.
(c) (i) Best 645L 1965,0.11; 1966,0.16; 1967,0.12 t ha-1cm-r.

(ii) Evidence is inadequate to derive values of&, but it seems to be very smaU
with Nr (0'4 qrt acre-l N), andperi4p.r of order 0.2 ha-r crn-1 at all the
bigger drcssinSs (2, 3, and 4 x Nr).
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(d) On average, CCC had Do effect on grain yields, but it decreased straw yields.
In l 7 rnany sub-plots gave very large yields: the average of nine was
12 t ha-1 as totat dry matter; three were not irrigated, and had no CCC;
three had CCC alrd were irrigated. None was at the srnallest N treatment.

Spriog wheat responds to water like any other crop when given enough N
(c. 0.E cwt/acre-l N, or a little more). The ne€d coEtinues after ear emergence.

Bea$, t)hter 7960, spring 1961, 1962, 1968.
(a) Best yields of grain, 19@,3.7 i 1961,3.1i 1962,3.6;1968, 3.0 t ha-l.
(b) Dr = 4cm.
(c) (D B€st 8v/3L 1960,0'18 (ate watering); 1961,0.15 (early watering); 1962,

0'22 (late watering); 1968,0.02 (earty waterhg and thetr raio in excess).
(ii) k : 0'17 t ha-r qrn-r.

(d) There is no evidence to show that irrigation is more importaDt cither before
or afler flowering (early and late, in (c)).

Generul. Except for the main crop potato€s, all crops responded to irigatioo
as exp€cte4 with gains of 50 to |m% in the driest suruners. In EDglish units,
tbe values of the limiting deficits were-approximately---up to 4 in. by the end of
September for sugar beet, I in. for early potato€s, U in. for barley before ear
emergence, l1 i!. for wheat before ear emergence ard up to about 3 in. 5 weeks
later, aud l] in, for beaus.

1.12 PENMAN, H. L. (1970) Watel as a factor in productivity. In: Proc.
Synp. on Poteltial Crop Prcduclion in Bitain. (Aberystwyth, July
t969.)

Production is defined as total botanical yield, and efficiency, €, as the ratio ofthe
yield, as energy equivalent, to the solar radialion income. For average British
farming e: 35 x 10-4. For some crops it is known that when water is not
limitiDg, the yield F, is proportional to the potential transpiration, Ea, which is
closely related to the solar radiation. With assumptiotrs, a growth equatioo is
derived (water not limiting) as I/Er: 39e tonnes ha-r cm-r, aod (water limit-
ing) a r€spons€ €quation, 8 f/6I : 39e t ha-r cm-l, where I is necessary irriga-
tion. Irrigation is defned as necessary only after the soil moisture deficit has
passed a limiting value Dr, and only until it reaches a potential maximum value
for the s€ason, D-, Then the groMh equation becomes Y - k(Er * Dt - Dn)
with&:6I/3/. Experimental results are given for two well fertilised crops
(gass and potato€s) to justify the assumptions and test the inferencrs. For
grass, € : m x 10-4, and irrigation respons€s are as pr€dict€d for Dr : 5 can.
For early potatoes, . g lzlo x l0-4, and irrigation respons€s correspond to
Dr : 2'5 cm, ,udicious irrigation will give most help to the best sraBagemeDt.

I.l3 krBBLE, R- E. (1970) Root penetration of smeared soil surfaces.
Exp. Agric.6. (In the press.)

Winter wh€at seeds were grown oo compressed soil, (a) with and without
smearing ; (b) with surface horizontal or at 45" ; (c) with aud without a sand cover.
Germination was not affected. At a soil suction of 0.1 bar, root penetration of
the horizontal surface was decreased by smearing and by abseoce of ao over-
burden; on a surface at 45" smearing had very little effect,

As a general sunmary of the limit€d information, root p€netratioo is decreas€d
by 50% for a ten-fold increase itr suction above 0.1 bar; the effect of smearing is
equivalent to a five-fold increas€; the effect of slope is equivalent to a four-fold
dccrcase.
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1.14 PRBBI"E, R E. & C\,RRE, ,. A. (1970) Soil water measurement by a
low resolution nuclear magnetic resonaoc& technique. J. Soil Sci. 21.
(In the pr€ss.)

A low resolution ouclear maSDetic resonance analyser was used to measure
soil water. The pbysical principles of the method are outlined to eDable the
non-linearity of the respons€ to water to be discussed, Two sands, five soils aod
verruiculite w€re t€sted in the laboratory. The iostrument readings were all
dcpressed below the valuos that might haye beeD expected for absolute water
cotrtents. In sanG the depression increases with water conteot, that is, as pores
of progressively largcr size flll with water. In clay soils ao initial depression is
attributable to the rigidity with which the fitst small amouDts of water are
adsorbed on to the clay lattice: with more water, the depressioD, as in saod,
reflects the size distribution of the macro pores. 'Relaxatioo,' a condition
needed to eEsure acqrracy, cao be induc€d by adding iron compounds and salts,
but there is evidence that where th€se substances arE prEsent Daturally in the soil
they may cause different degre€s of relaxation. When mauy soils of known type,
stnrctural state and chemical status have to be analysed, a good calibration
curve catr b€ obtained and used to give water content to a fraction of a per cent.
A moisture characteristic was measured on a sand lo assqss the ability of the
instrument to scan moisture profiles in long columns.

2.4

ChenisEy Department

TtrEsrs

CouLrR, J. K. (1969) The productivity and phlsical properties ofsome
soil mapping units of lhe Soil Survey of Eagland and Wales. Ph.D.
Thesis, UniYersity of London.

GENRAL PAPBS

A.DDrscorr, T. M. & TALBUDEN, O. 0%9) The buffering capacity
of potassium reserves in {ils. Potash Xev. Subject 4 Soil Sci., 45th
Suite, pp. l-24.

BE{z N, 8., BoLmN, J. & FRTBTAN, S. C. R. 0969) Nutrition experi-
ments in for€st nuseries. Sulphur. Rcp. Forest Res., Iand. 1969,
139-141.

CooKE, G. W. (1969) Fertilisers in 200O A.D. Phosphorus in Agiculture
(Bull. Doam| Ass, int. Fobt. Superphos.) No.53,pp. l-13. (Reprioted
n gaJl iD Fertiliser Feed & Pesricide Journal, D€{f,,mber 1969, pp. 4-6.)

C-ooKE, G. W. 0969) Prediction of nitrogen requirements of arable
crops io mainly arable oopping systerDs. Inr Nitrogen and soil organic
natter. Tech. Bull. Mitist. furic. Fish. fiC, No. l5 (Proceedings of a
coDfereoce orgardsed by the Soil Scientiss of th€ National Agricultual
Adyisory Service, 22-23 ftob€I 1964), pp. ,lO{0.

G^s$R, J. K. R. 0969) Some proc€ss€s aflecting nitrogen in the soil.
Irli Niffogq ord soil orgaic matter. Tech. Bull. Mini$. Agtic. Fish.
Fd, No. 15 (hoce€dings of a confer€nce organised by the Soil ScieDtists
of the National Agiculturd Advisory Sewice, 22-23 @ober lgfl),
pp. 15-29.

2.1

2.2

2.3

2.5

2.6
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2.7 GAssER, J. K. R. (1969) Determination of the nitrogen requirements of
crops by aoalysis. I. Iaboratory methods of measuring soil nitrogen
status and methods of correlatiDg measuremeats with crop performance.
IJi'. Nitroget and soil orgaaic matter. Tech. Bull. Minist. furic- Fish.
fA, No. 15 (Proceedings of a conferenc€ organised by the Soil Scientists
of the National Agricultural Advisory Service, 22-23 Octoljf,,r 196/.),
pp.71-71.

2.8 MATTNGLY, G. E. G. (1969) Glasshouse studies oeeded to supplemeot
field experiments- l Expetinental techniques lor coordiaated feld
fe ility expeinerrls u$ing isotopically-labelled fertilisers. Technical
Report Interrational Atomic Energy Agency, lliema, No. 113, pp. 171-
186.

PAPERS IN RorEAMsrD REoRT, PART 2

2.9 JoHNsroN, A. E. (1970) The value of residues from long-period manur-
ing at Rothamsted and Wobum. I. Introductiotr. Rep. Rothansted
exp- Stn lor 1969, Parl2, fr-

2.lO JoHNsroN, A.E. (1970) The value of residues from long-period manur-
ing at Rothamsted and Woburn. II. A summary of tbe results of experi-
ments started by Lawes and Gilbert. Rep. Rolhansred exp. Stn for
1969, Pafi 2,7-21.

This paper summarises the resu.lts of the many tests made by Iawes and Gilbert
of the value of residues of fertilisers and manures. I-ater, further tests were made,
some of which still contiDue aud the results of these exporiments are included.

2.ll JoENsro\ A. E. & WARREN, R. G. (1970) The value of residues from
long-period manuring at Rothamsted aod Wobum. III. The experi-
ments made from 1957 to 1962, the soils and histories of the sites on
which they were made. Rep. Rolhamsted exp. Stt Iot 1969, Part 2,
2218.

This paper describes how the microplot experiments made from 1957 to 1962
were accommodated on the thr€e sites used, and gives the histories of the sites.
All experimetrtal details including the basal and test fertilis€rs are given. Barley,
potato€s aDd sugar b€et w€re grown on all three sites, and spriog whcat, kale and
swedes otr one site-

2.12 JoHNsroN, A. E., W,cRRrN, R. G. & PENNY, A. (1970) The value of
residues from long-p€riod manuring at Rothamsted ard Wobum.
fV. The value to arable qops of residues accumulated from super-
phosphate. Rep. Rothom$ted exp. Stnfot 1 9, Part 2, 39-68.

This paper giy€s the results of the exp€riments made to test P residues and new
P giv€D to starved aDd enriched soils. Yields, ZJ in the &y matter of the crops
and P uptak€s are given.

2.13 JoHNsroN, A. E., Wmr.EN, R. G. & PENNY, A. (1970) The value of
residues from loog-p€riod maDuring at Rothamsted and Wobum.
V. The value to arable crops of residues accumulated ftom potassium
fertilisers. JRep. Rorharnsted exp. Stn for 1969, Part 2, 69-9O.

This paper gives the results of the experiments made to test K residues and qew

K given to starv€d aod enriched soils. Yields, Z.K iJr the &y matter of the crops
and K uptak€s ar€ giYcn.
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2.14 MATrnrcL! G. E. G., JoE{smN, A. E. & CnArER, M- (1970) The
residual value of farmyard manure and superphosphate in the Sax-
mrmdham Rotation II experimetrt, 189-1968. Rep- Rothansted exp.
Stn for 1 9, Part 2,91-112.

This paper describes the analysis of the soils at the end of the original (1899-
1964) manuring, the chang€s in soil analysis between 1964 and 1968, when
more superphosphate aod farmyard manure wgr€ given, and the crop yields
aod nutrients removed between 1965 and 1968.

2-15 WrDDowsoN, F. V. & Pn'rx, A. (l 970) The effects of partially sterilising
aericultual soils with formalin, and of applying oitrogen fertilis€r, on
the yields aDd N contents of spring and wints wheat, of barley and of
gBss. .Rer. Rorhamsted exp. Stn for 1969, Part 2, ll3-129.

The experiments measuled the direct, residual and cumulative eff€cts of formalin
otr qops glown without N and with a range of N dressings at Wobum, Rotham-
sted and Saxmundham

RTSEARCH PAPERS

2.16 ADDrscorr, T. M. 0969) A method for measuring the phosphate
potential of a Tanzanian soil. E Afr. agric- For- J- 35,21-27.

MeasuremeDt of the phosphate potential +pca + pHzPOr is affected by time
and method of agitation of the soil suspension, soil : solution ratio, and iD-
cubating the moist soil beforc measuremeot. The nature of these effects was
shown for a hillsand from Ukfuiguru. The P conceohatiol and pH of the soli
suspensiou changed greatly after 4 hours' agitation. Tbis was attributed to the
ons€t of microbial respiration. A method suitable for m€suring phosphate
potentials in local soils (N.W. Tanzatria) is described. This involves agitation by
air for t hour, or possibly oyemight, a I : 5 soil : solutiou ratio, and incubating
the moist soil at consiant temperatue for l0 days before measuring the phosphate
potential.

2-17 ADDIscoTr, T. M. (1969) Relationships of yields of maize and cotlon,
and their respoose to phosphate fertilis€r, with soil phosphate potentials
in Tanzania. J. agric. Sci., Camb.72, 4Ol-403.

Yields of maize and cotton given N, aod sometimes K but not P, were rclated to
equilibrium values ofthe motrocalcium phosphate potential (lpca -1- pHzPOr)eo,
at which P is neither lost nor gain€d by the soil. The responses to phosphate
fertilis€r were not clearly relaled to phosphate potentials, though small respons€s
at large values of (lpCa * pH2POa)eq were sometimes explained by v€ry small
values of A4A0 (tho rate ofchange oflpCa + pH2POa with change in the amount
of P on the soil) or by soil reactioo. In only ooe set of maize experiments, respoDs€
to P was related to Ar/AO. GpCa + pHzPOa)o and (pHzPOr)o, determined with-
out adding P to the solution were equally useful and both were just as well related
to yields without P as (!pCa * pHz@r)"q. (pHzPO.r)o appeared more useful than
the logarithm of the total P concentration measured without added P, It was
not Decessary to fitrd the equilibrium phosphate potential, or to measure Ca
concentration, but correctiDg the phosphate cotrcentration for pH (so that only
HsPo+ions were taken into accouot) was worth while.

2.lE ADDrscorr, T. M. (1970) Use of the quantity/potential relatiooship
to provide a scale of the ability of extractaDts to remove soil potassium.
J- agric. Sci., Canb.74,ll9-121.
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Quantity/potential relationships, between gain and loss of K by the soil and K
potential (XIh ,4L\, werc determined on 27 Rotharnsted and Wobum

\ Vacr+u!/
soils. K extracted by neutral N ammonium acetatg by H-resia aud by O.5 M
sodium bicarbonate @H 8.5) were also measured.

The ability of ao extractant to removo soil K is equated to a K potential
(derived from the quaotity/potential curve) the soil attains after removing K
equal to that taken out by extractant. Mean values for all soils were -4995{ 97 cal/eq for the ammonium acetate, -6081 + 88 cal/eq for the H-resin and

-4336 + ll7 ca[eq for the sodium bicarbonate extractants. The fust atrd last
extractants were less able to remove K from rich than from poor soils.

Varying the ammonium ion concentration from 0.1 N to I N itr ammonium
acetate/acetic acid mixtures, N in acetate ions, did not geatly affect their ability
to remove K,

2.19 ADDIsccr[, T. M. (1970) The uptake ofinitially ayailable soil potassium
by ryegrass. l. ogric. Sci., Camb.74, 123-129.

The potassium poteDtial limiting uptake of K by ryegrass, 'the uptake potential',
was deriyed from the uptakes of K and from the quantity/potential relationships
of several soils by a method that avoids exhausting the soit by cropping. This
potential was -5600 cal/eq in Rotharnsted soils, but the method was uosuit-
able for Wobum soils. In Rothamsted soils uptako of K was more closely related
to quaotity thaD to potential of K, but in Wobum soils it was equally well related
to both. From 28 days until 82 days, when the initially available K had been
us€d in most soils, diffusioo in the soil s€emed to coqtrol rate of uptake of K.
On longer cropping, much itritially non-available K was released, the grass still
grew and the mean K potential had fallen to oDly -5189 cal/eq in Rothamsted
and -5336 caueq, in Woburn soils.

2.20 ADDIscoTr, T. M- (1970) The potassium O/1 relationships of soils
giveD different K rnanuring. !. agric. Sci., Canb- 74, l3l-137.

The potassium quantity/intensity (O/O relationships, which relate change in

exchaugeable K content (O) to chaoge in activity ratio (t: !! ), or"r"
\ Vact+Msl

measured in soil samples from manudng oxperimeuts at RothanEted and
Wobum. Within each experiment, O/l curves for different K-maDuring treat-
ments were super-imposable on each other and on the clrve rcLating exchange-
able K to 10, the activity ratio at which the soil neither gains nor los€s K. The
distances on the AK axis betweeD the cury€s were equal to the differences in
exchangeable K.

.do
The buffer capacity, fr , was related to the K saturation of the cation exchaDge

capacity (CEC) by the equations
dff : trr - (163 + xl fi, fO ardcEc iD me/loo s)

for Broadbalk and Hoosfield soils, and
do =h( o \_^d] " \cEc)

for Bamfield soils (6: 3.08; m: 1.0) and for Wobum Market Garden soils

(b : 2.4lira : O O but for soils from other Wobum experimeots, f; AU oo,

vary significantly with QJCEC.
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2.21 BENZAN, B., BoLmN, J. & MATrtr{cLy, c. E. G. (1969) Soluble and
slow-release PK-fertilisers for seedlings and transplaots ofPicea sitchensis
aod. Picea abies 'ra two English ourseries. Pl. Soil 31,238-256.

h a heathland nursery on an acid sandy podsol atrd in a nursery on modemlely
acid agricultural lan4 four PK fortiliserB were comparcd with superphosphate
alone, using seedlings and transplants of Sitka spruce Picea sitchensis aIId
Norway spruce Prtea arr'e.r as test cropa. The four fertilisers were: (l) a com-
pouad prcpared from KCI aod superphosphate (Kcl/superphosphate), (2) the
same compound supplemented by thre€ summer top-dressings of potassium
Ditrate, (3) potassium dihydrogen phosphatg (4) potassiuE metaphosphate.
Except for potassium nitrate dl fertilisers were applied in the spring before
sowing or traDsplanting.

Mid-s€ason analyses (confined to Sitka spruce seedlhgs) showed that the
effectiveness ofdifferent fertilisers dependod oD the raiofall pattem during growth.
Phosphorus and potassium were leached less and nutrieqts us€d more efficiently
with potassium metaphosphate than with KcI/superphosphate, Potassium
nitrate applied on three occasioDs during the summer to plots with KCI/sup€r-
phosphate maintained the b€st growth and largest K-conc€ntrations in the seed-
lings. Differeoces b€tw€en fertilis€rs were small for transplants at the heathlaDd
nursery and for all crops at the nursery oD an agricultu(al-type soil. Losses of
P and K by leaching on the sandy podsol both d€creased h the order KCI/
superphosphate > 91 : potassiun dihy<lrogen phosphate > potassium meta-
phosphate.

2.22 BoLroN, J. (1968) Iraching of fertilisers applied to a latosol in lysi-
meters. J. Rltbb. Rcs. Inst. Malqa m, 27+2U.

Uncropped lysimeten were used to study fertiliser leachirg through a Malayan
latosol at two pH values, Chloride leached rapidly. Nitrate derived from am-
moDium sulphate or urea leached more slowly, especially in the more acid soil.
Sulphate leached much more slowly and was strongly adsorb€d by the morc acid
soil (this affecied pH measuremeots), Fertiliser potassium also leach€d faster
from the more acid soil (pH 4.8). At pH 5.2 added potassium remained in the
profile but the depth it penetrated <tepended on the amouots of anions added
cotrqlrently. Fertiliser magoesium also Ieached morc quickly when nitrogen or
chloride were sirnultaneously added.

2.23 BRrccs" G. G. (1969) Molecular structurc of herbicides aod their sorp-
tion by soils. Nature, Lond.223, 1238.

Tbe sorption of a number of phenylurea herbicides by soil org,aaic matt€r
was shown to be related to the electron-withdrawing power, measured by the
HamEett ard Taft coDstaots, of sub6tituents otr the phenyl ring or the urea side
chah. For alkyl-N-pheDylcarbamates electronic eff€cts ate small and iucreasing
sorptiou is associated with iocreasiog lipophilicily masured by octaEovwater
panition.

2.U MATTD,IGLy, G. E. G. (1970) Total phosphorus contents of soils by
perchloric acid digestion and sodium carbonate fusion- J. agric. Sci.,
Canb. 74,7Y82.

The total P conteDts of soils analysed after fusion with sodium carbonate, were
coosistendy larger than after digestion with boiling perchloric acid. For 37 soils
from Southero England, values by fusion analysis (Py) were related to values
after digestion with perchloric acid (Pr) by the following equatioD:
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The recovery of B applied to six soils as superphosphate, was the same by both
methods of analysis.

2.25 NowAKowsKr, T. z. (1969) Effects of nitrogen and potassium fertilis€rs
on contents of carbohydrat€s and free amiao acids in Italian ryegrass.
I. Effects on growth and soluble-carbohydrate contents of leaves, stubble
and roots. ,1. Sci. Fd Agric.2O, 66ffi7O.

Italiau ryegrass s22, growtr in K-deficient sandy loam itr pots uDder glass, was
given,l0, 80 and 160 ppm N as ammonium nitrate aDd o, 60, 120 and 2'lO ppm K
is potassium chloride. Without K fertiliser, increasing N fertiliser decreas€d root
weights, but with the largest dressing of K grass given most of N produced

more roots than grass given least N. K fertilis€r increas€d root weights and the
content of soluble carbohydrates in roots. Irrespective of K supply, roots con-
tained very little fructosan. Adequate K was needed to give maximum amouts
of sugars aod fructosan in the tops and stubble. ExcessiYe K in relation to N
fertiliser was detrimental to the accumulatioD of fructosao in the stubble. The
importance of the effect of K on soluble carbohydrates is briefly discussed.

2.25 RAwsoN, R. A. G. (1969) A rapid method for determining the surface

area of aluminosilicates from the adsorption dynamics of ethytene glycol

vapour. J. Soil Sci.2O,325-335.

A new method is described for determidng the surface area of soils aud clays by
adsorbing ethylene glycol vapour under continuous eYacuation at c. l0 2 cm of
mercury. The adsorption of a monolayer of ethylene glycol is infer€d from the

dynamics of pressure changes in the adsorption chamb€r. The time at which
monolayer adsorption is eYaluated is proportional to the total weight of ethylene
glycol required to form a monolayer on all samptes in the adsorption chamber.

tiis period ranged from 30 to 75 minutes when from 0'39 to I'56 g of glycol was

a<tsorbed in the experiments. A single 0'75 g sample of Wyoming beutonite

required 0'19 g glycol.

2.27 (SrNcH, M. M.) & TAT.IBUDEN, O. (1969) Thermodpamic ass€ssmetrt

of the nutrient status of rubber'gowing soils. l- Rtbb- Res. Inst.
Malaya 21,24O-249.

Schofietd's thermodj.oamic concepts of intensity and quanttty were us€d to
measure the potassium and phosphorus status of Malayan rubber-erowing soils.

For acid soils, inte$ity and quantity measuremeDts tre€d b€ done using alu-
minium as the reference ioE iostead of calcium us€d elsewhere. For phosphorus,

intensities were measured in dilute ammonium chloride solutions i6t€ad of
calcium chloride solutions used elsewhere, aDd quantities were measwed by
isotopic exchauge.

These thermodynamic indic€s and the conventional indic€s of acid€xhactable
and exchangeable values for potassium, and total aod available indic.es for
phosphate, which are in current routine use, were related to uptake by Pueraria
phaseoloides in the glasshouso. This showed that, to ass€ss the potassium status

tf Ivtatayan soils, the buffer capacity value obtained from the slope of the
quaDtity/inteosity relatiooship curvre was better than the conYentional acid-

extractable and exchangeable values currently used to assess the fertiliser require-

ments of rubber, For phosphorus, both conventioqal and thermodynamic
quantity indic€s related directly to glasshouse croppiDg. More work is necessary

for a systernatic correlation.
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2.?A WDDowsoN, F. V. & PEI{NY, A. 0969) Etrects oo barley atrd kale of
NPK fertilisen cootaioing differing proportiotrs of ulea aod ammonium
nitrate, and either triple superphosphate or mooo-urea phosphate.
l. agric. Sci., Canb.73, 12t132.

OJ eight experimental fertilisers (with "/N; "/"pzOa; "/KzO rutios of 2 : I ; l)
obtained, four contained triple superphosphate and four moDo-urea phosphate;
all contained muriate of potash. In the frst four, urea supplied either ltio, OO,
33 ot Oo/" of thc total N (ammonium nitrate supplied thi remainder); in the
second four, urea and ammonium nitrate supplied only the balance of the N,
but in the same proportions.

For barley, each fertiliser was combiue-clrilled to giye 0.5 or 1.0 cwt N/acre.
In 1965, mrrch rain fell after drilling; early groMh was not harmed aod yield from
each fortiliser was the same. In 1966, dry weather followed sowing and all fertili-
sers checked growth; those containing urea killed rnany plarts aDd dimidshed
yields. AIso lelcls from the fertilisers containing urea phosphate were larger
than from those containing superphosphate; thus urea phosphate was saier
thql urea aloDe. For kale, the fertilisen were broadcast i[ May to give 1.25 or
2.50 cwt N/acre. None serionsly dimiaished plaot number and yield from all
was similar.

Increasing the proportion of urea in the fcrtilise$ greatly iucreased fN in
the barley grain in 1966, but not in 1965. The crops recovercd -o.e N from
arrunonium qitrate than from urea.

2.29 WtrrAr,rs, R- J. B. (1 9) The rapid determination of nitrate io crops,
soils, drainage and rainwater by a simple ficld method using diphenyl_
amine or dipheDylbeozidine with glass 6bre pary. Chemy Ind. 17J5_
1736.

Wcll knorn. colour reactions given by diphenylamine and diphenylbenzidine
with nitrate in the prcsence of concentrated sulphuric acid were usi for spot-
testiog on glass fibre paper. Nitrate conc€utrations could be determined s€mi-
quan]itatively 

-,in 
plant 

-sap expressed from tissue, in an extract produced by a
simple method from soil, or directly i! land drainage water, or riiowater,

Pedology Deportuent

GENBAL PAPRS

3.1 LE Rrcrn, H. H. 0968) The location of trac€ elements in sedimentary
rocks and io soils derived ftom them. Repo of Welsh Soils Discussion
Group, No.9, 17-30.

R"ESEARCE PApERs

3.2 (IL{sco, M. L.), WEn, A. H., CATr, J. A. & Orurm'oD, E. C. (1969)
Mincralos/ of the soils of the Rio C.auca Vafley, Colombia. Tutiatba
19,332-339.

The mineralogicat mmposition of fne sand (5G-25O pm) and clay (<2 pm)
fractioDs from surface soils of the Rio Cauca Valley is described-. ,iTre 

soils
contaitr variable amounts of essentiatly basic volcanic material and slightly
weather€d s€diments, derived from the surrounding mountainous areas at vaiioui
times sinc€ the late Tertiary. The composition of the clay fractions is determircd
partly by diferences between tho amouDts of these two parent materials aod
partly by soil couditions, paflicularly pH.
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3.3 BLooMFELD, C. (1969) Mobitisation and fixation
elements by aerobically decomposing plant matter.
1634.

Fe, Mn, Cu, Ni, Co, Zn and Pb are mobilis€d when their oxides or carboDates
are incubat€d aerobically with moist plant matter. The ord€r of ease of mobilisa-
tion is quite different from that of the analogous anaerobic system. Only part of
the aerobically mobilised metal is dialysable. Mo and v, mobilised by incubating
the metals with luceme, are completely dialysable'

Very little V is retained by the insoluble organic residue, but relatively large
amounts of the other elements are thus fixed. Mn mobilis€d anaerobically was

tak€n up by pea plants, but the oon-dialysable fraction of aerobicauy mobilised
Mn was not.

3.4 BmoIfiELD, C. (1969) Sulphate reduction in wat€rlogged soils.

I. Soil Sci. D,2O7-221.

In studying the factors that influenc€ the release of free HaS, flooded soils were

incubated with plant material and either sodium sulphate or elemental sulphur.
Rcsidual sulphate, FeS and Hg^S were measured tkoughout the reaction.

I-ess free HzS was evolyed from a periodically waterlogged soil than from a
well-drained soil of comparable HCI- and dithionite-soluble Fe cortents. with
a readily soluble synthetic Fesos as the source of Fe, a slight exc€ss of Fe oYer

the Sor2- equivalent sumced to prevent loss of HzS. The native organic matter
in the well-drained Rothamsted top-soil s€emed to have no effect in promoting
loss of H2S, but the FqS : H2S ratio was strougly influenced by thc nature of the
plaDt material us€d as the source of eoergy. With either Na2SOa or S, con-
siderably more free HzS was evolved with luceme thaD with rice blade. With S,

the pH of the incubated mixture was close to that of the nominally $free system,

whereas with Na2SO4 the mixture b€came quite alkaline. More free HzS was

evolved under the more alkaline conditions obtained with NazSOe, which
suggpsts that it is the initial mobitisation of Fe that governs the distribution of
the reduc€d S, rather than the pH-solubility relations of FeS' An oxidised surfac&

layer is very effective iu retaining sulphur in the soil'

3.5 BRowN, G. & KANARTs-SorRrou, R. (1969) The determination of
sulphur in soils by X-ray fluorescaB@ aaalysis. Anolyst, Lond. ,
782-:786.

A method for determining the total sulphur content of soi.ls is d€scribed that is
fast o€ss than 4 minutes p€r sample) and sensitive enough (lower limit of detec-

tion l€ss than lo ppm sulphur) for survey and soil-fertility investigations. A simple
correction for matrix eff€cts caused by large variations (10-90%) of or$nic
matter content is based on the loss of weight at 450"C.

3.6 BRowN, G. & KANARIs-SorRrou, R. (1969) Thin windows for flow
proportional counters in X-ray fluorescence spectrometers. J. sc&[r.
Instrum. (1, Physics E) Sr,r. 2,2, 551-552-

Thin windows are requircd when flow proportional counters are used to d€termine
light elements (z: 1l-lo by X-ray fluorescrnce spectromety. Makrofol KG,
the polycarbonate of 4,4'-dihy<troxydiphenyl-2,2'rropane, available as 2 Pm
thick fiIIrL is suitable. Of the corrunercially available films it has the largpst
transmission for the K-radiation of the liSht elemetrts and when correcdy fitted
it is quite durable.
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3.7 BRowN, G., CAT[, J. A. & WER, A. H. 0969) Zeolites of the cliro-
ptilolite-heulandite type itr sedimeDts of S.E. England. Mineralog.
Mas. 1969,37, 480-48.

Clitroptilolite-heulandite occurs in Jurassic, Cretac€ous and palaeocene sedi-
ments i! S.E. England, maioly in l-20 pm size fractioDs; it is associated with
abuDdant moDtmorilloDite and often also with glauconite and amorphous
silica or low temperature disordered cristobalite-tridymite. Its mode of ocrurrenct
aDd the associated minerals suggest an authigpnic origin, but there is no evidence
lhat the souce material was volcanic.

3.8 GRTENE-KELLY, R. (1970) The relation of particle morpholory and
aggregation to sp€cmc surface area determinations. ln:. Surloce area
detemi ation. Proc. SymposiumBristol, 1969, I.U.p.A.C., Butterworths.

Platelike particles tend to orient and form close-packed aggregates, which
make surface area determinations difficult to interpret in terms of particle size.
For example, the adsorptioD of nitrogeo can be limited by the impemEability
of the sample, and hence the B.E.T. method gives r€sults that ari too smali.
The surfacc area measured by the Absolute calorimetric method cao also be too
small because capillary condensation is likely to occur between mutually orieEted
platelets before the heat of adsorption approaches the heat of condeDsation of
bulk water.

3-9 GRTENE-KELLY, R. & MACKNEY, D. (1920) prefered orientation of
clay in soils: the effect of drying and wettitg- lt: Soit micromorphology,
Tech. Monoy. SorT Sarv. No. 3.

The origin of the optically birefringeqt oriented clay observed in sections of
many fioe-textured soils is briefly discused. Experiments designed to ovaluate
the effect of dryiug and wetting remoulded clay soils on the orieotation of clay
particles showed oo significant change in orientatioD.

3.10 GRTENE-KELLY, R, CHAPMAN, S. & (psfflrER, K.) 0970) The prepara-
tion of thin sections of soils usiog polyethylene glycols. llj Soil micro-
morphology, Tech. Monogr, So,7 S(/r. No. 3.

The proprties of polyethylene glycols are sumsrarised and details are given for
the preparatioB of thin sections of soils using Carbowax 6000 as embedding
ageDt. The advantages and limitations of the technique iD limiting the extent of
shrinkage during dehydration of the specimen are discussed,

3.11 KANARTs-SorrRrou, R- & BRowN, c. (1969) The diminution of sulphur
contami[ation of powder sp€cimens in X-ray fluorescence analysis.
Anolyst, Lond. 94, 780-781 .

The determioation of light elements by X-ray fluorescencr sp€ctrometry requires
midmal absorption in the X-ray path. This is usually achieved by evacuiting
the sp€ctrometer with a rotary vacuum pump. Backstreaming of vapours from
rotary vacuum pump oils causes cootamination by the absorption of sulphu-
containiDg compoutrds on the surface of powder specimens. A method is des-
cribed for greatly decreasing this contamiration by preparing powder specimers
with a thiD plastic film on the surface to be anatysed.
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3.12 KrNG, H. G. C. & h'uDEr.t, G. (1969) The colorimetric determination of
calcium in silicate minerals. Analyst, Lond. Y,39-42.

Calcium in silicate minerals is aletermined with glyoxal bis (2-hydroxy anil) in
alkaline solutioD" Aluminium do€s not interfere at the pH of the reaction and
co-precipitation of calcium with magnesium and iron is FeveDted by adding
mannitol. Fifty Fg of calcium can be determined in the presence of 3000 pg of
rnagnesium and 2000 pg of iron; the calibration is linear between 0 and 80 pg of
calciurn-

3.13 KrNc, H. G. C. & PnuoeN, G. (1969) The determination of sulphur
dioxide with rosanili,ae dy6. Araly$t, Lond.94, 43-4f'

The compositiotrs of commercial rosaniliDe aDd pararosaoilioe hydroct orides
were investigated in connectiotr with the colorimetric determination of sulphur
dioxide- After purification both gave linear calibration q.|rves up to 80 pg of
sulphur dioxide, a considerably gleater upp€r limit thaD cao be obtained with
the unpurified materials. Pararosaniline hy&ochloride gives a smaller reagent
blank, and is therefore prefer€d. Impurities are readily removed from para-
rosaniline base by rccrystallisation, aod in this form the reagent gives repro.
ducible calibration curves.

3.14 Nrwvlx, A. C. D. (1969) Catiou exchange propertios of mica. I. The
relation betweetr mica composition and potassium exchange in solutioos
of difercnt pH. J. Soil Sci- m,357-373.

The abilities of tetr trioctahe.dral micas and two dioctahedral micas to releas€ K
by catioD exchange wer€ compar€d by repeatedly extracting the micas with NaCt
solutions,

For a chosen solution concentratioo and pH, the quasi+quilibrium conc€ntra-
tion ofK in contact with a mica is largely independent of the fraction of mica K
exchanged. The solution concetrtration ratio Cx/CNs rang€s from I x l0-5 for
dioctahedral micas to l'2 x lo-i for a very reactive biotite, and s€ems to depend
on the numb€r of structural+ydroxyl groups oriented so that the OH traosition
mofir€Dt is perp€ndicular to the mica basal plane. In the phlogopite-biotite
series the F contetrt is the most important single constituent of a mica that
determines its K releasiog properties.

Micas that lose much negative charge whetr K is exchanged release K more
readily to acidic solutions. The pH of unbuffered solutions increas€s during the
exchauge of K, confirming the viow that sorption of protoos decreas€s the
negative chargB of the aluminosilicate layers.

3.15 NEWMAN, A. C-D. &BRowN, G. (1969). Delayed exchange ofpotasrium
from some edgps of mica flakes. Nature, Ilrnd. tl3, 175-176.

Abraded edgps of mica crystals exchauge their potassium more readily than more
p€rfect €d8ps. X-ray diffraction and microscopic obseruations sugg€st that the
interlayer swelling that follows replacement of K cao take place readily only
when mica is cleaved into thin flakes. At more perfect edges swelling is delayed
until enough hydratable cations are exchaoged to develop a swellitrg stress
sumcieDt to cleave the mica,

3.16 (PENNY, L. F., C-oopE, G. R.) & CATr, J. A. (1969) Age and ins€ct
fauna of the Dir ington Silts, East Yorkshire. Narwe, I-ond. ?:A,
65-47.

The DirDlinglon Silts ocrupy hollows on the surface of the Saale till and are
overlain by the Weichsel tills of Holdemess, East Yorkshire. Radiocarbon dates
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of fossil moss from the silts indicate that they were deposited approximately
18 500 yea6 ago. The ice that dsposited the Weichsel tills therefore invadod
Holdemess betwecn this time and approximately 13 000 yeals ago; this advance
was coDtemporaneous with the main phase of the Weichsel Glaciation on the
coDtinent of Europe and in N. America. Fossil Colcoptera from the silts indicate
that they were deposited iD a pond with little aquatic vegetation, surrounded by
opco expanses of sand; it is an impoverished mid-Weichsel fauDa, sugg€sting
that climatic conditions were too harsh for all but the most hardy spccies,
probably because the ic€ was then quite clos€.

3.17 PRUDEN, G. & BIror,nEr-D, C. (1969) The effect of organic matter oo
the determination of ferrous iron in soils and rocks. Anolyst, Lond.
94, 68H89.

In the determination of ferrous iron in silicates, ferric iron is reduced by organic
matter when the sample is dissolved in hydrofluoric acid. Acidic r€ageots, such
as aqueous aluminium chloride solution, that have been proposed for extracting
labile ferrous irou from waterlogged soils, suffer from the additional def€ct of
causing partial dissolution of ferrous sulphide, with the coos€queDt risk that
yet more ferric iron may be reduced by the liberated hy&ogen sulphid€.

3.18 PRUDEN, G. & KrNG, H. G. C. (1969) A scheme of semi-micro analysis
for the major elements in clay minerals based on modifcations to coD-
veutional methods of silicate aDalysis. Clay Min. a, I 13.

A scheme is pres€nted for the semi-micro analysis for the rnajor elements in
clay minerals, bas€d mainly oD improyements to coDveutiotral colorimetric
methods. Silica aod alumina ar€ determined after fusing a 50 mg sample with
sodium hy&oxidc. TitaniurL total iron, calcium, magnesium, phosphorus and
manganese are determined colorimetrically on a hydroffuoric-sulphuric acid
digest of a 50 mg sample; sodium and potassium are determircd flame photo-
metricatly on the same dig€st. Ferrous iroo is determined scparately. Additiooal
methods for the determination of total water, total sulphur and fluorine are
indicated.

3.19 R q,yN[R, J. H. (1969) The numerical approach to soil systematics.
ljx: The soil ecosystem. Systerutics Association Publicatiot,No. 8, 3l-39.

Numerically coded descriptioos of soil horizons can be used to classify sofu.
The calculated similarities of 9l Glamorganshire soil horizons are submitted
to a principal co-ordinates analysis. The first component s€parates the horizols
iDto two groups, all the horizons from the brown earth soils and all the horizotrs
from the acid brown earth soils, The second component depends on the depth
of the horizon rcgardless of the typ€ of soil. This treatm@t is compared with
others in which soil rather than horizon similarities are found and the advantage
of principal cc.ordiDates analysis oyer ordination is showl by a r€calculation of
BidweU and Hole's data for soil similarities. The exteDsion of th€s€ methods to
much larg€r groups of soils is discussed,

3.20 WsR, A. H. & CATr, J. A. (1969) The miEeralog5r of Palaeogene sedi-
ments in northeast KeDt (Great Britain). Sediment. Geol. 3, 17-33.

The Palaeogene deposits of northeast Kent are approximately 7m ft thick and
coosist of unconsolidated clays aDd loamy sands that are mainty of marine
origin. The mheralogical composition of 6ne sand (50-250 pm), silt (2-5 pnr,
!20 pm and 20-50 pm) and clay (<2 pm) fractions from samples represeoting
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the rnaitr suHivisions of the succession is describ€d, and possible souc€s of the
detritus and mode of origin of some noD-detrital minerals are discussed. The
detritus was derived ultfunately from three main sources: (a) the Chalk; (r) meta-
morphic rocks (containiog staurolite and kyanite) and granites, possibly of
Armorican massifs; (c) metamorphic rocks containing garnet, epidote and
amphiboles. In most of the deposits the clay fractions are composed of motrt-
morillonite with subsidiary mica, but kaolinite occurs itr beds containing abun-
dant detritus from possible Amorican sources. The main nondetrital minerals
are glauconite, jarosite, pyrites, low-temporature tridymite and clinoptilolite;
detrital clay micas io the sandy s€diments have authigenic gowths of a layer
silicate mitreral. The main clay-rich suHiyision of the succession (the I-ondon
Clay) is weathercd to great depths; the mineralogical effects of this weatheritrg
include oxidation of pyrites, alteration of detritat biotite and forrnation of
selenite and jarosite.

Soil Microbiology Deyartment

PAPER IN ROTHAMSTED RTPORT, PART 2

4.1 NLIMAN, P. S. & Ross, G. J. S. 0969) R.hizobium iD tbe soils of the
Rothamsted and tffobum farms. R"r. Rothansted exp. Stn for 1969,
Pafi 2, 143-167.

This paper reports counts made of Rhizobiun tifulii, R. leguminosarum, R.
,neliloti aad R. lupini in some of the arable fields of Rothamsted and Woburn ard
in selected plots of the Park Grass exp€riment.

RESEARCH PAPERS

4.2 BRowN, M. E. & WA]-xrr, N. (1970) Indolyl-3-acetic acid formation
by Azotobacter chrcococcum. Pl. Soil. 32,25O-253.

Small amounts (up to 2 5 pg/ml) of indolyl-3-acetic acid (IAA) were detected
itr aemted cultures of Azotobacter chroococcum gxown with or without L-
tryptophane in the medium but in agar cultures only when Ltryptophane was
prcs€nt. Most IAA occurred in 7-day-old cultures. Washed cells did not conYert
LtryptophaDe eDzymically to IAA.

4.3 DARr, P. J., (BnCH-ANDERSEN, A. & JENSBN, H. J.) (1970) Observations
on the fre structure of Rhizobium. Arch. Mikrobiol. (In the prcss.)

Tho fine structurE of Rhizobfum mclihti and R. phaseoli glown in broth or on
agar is well preserved by Eefixation in glutaraldebyde or formaldehyd€. Much
more of the cytoplasmic matrix is retained than with OsOa fixation alone, so the
boundary betv,/een the trucleoid region and the rest of cytoplasm is more difficult
to differEntiate,

A ribosome-ftee space, usually at the cell poles, sometimes contained an
amorphous material of intermediate electron density. The cytoplasm also con-
tained whorled inclusions, aod electron-tr"ansparcnt regions, pr€sumably poly-
p-hydroxybutyrate. An iltermediate layer, closely appress€d to the cell wall
membrane of lday cultues gives it an asymmetric appearanc€. The plasma
membrane often invaghates into the cytoplasm and, after glutaraldehyde 6xa-
tiotr, there is an el€ctroodens€ material, distinct from the intermediate layer,
b€tween the two peripheral membranes. Some cells also contain an intracyto-
plasmic tubular profile.
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4.4 DARr, P. J., RoucELEy, R. J. & CHANDLER, M. R. (1969) Peat culture
of Rhizob rn trifolii: an e\anin"tioB by electron micrc6(/|py. l. o?pl.
Bqct. 32, 352-357 .

Peat culturcs of .Rir?obium trifolii slraiaTAl were examined by electroq micro.
scopy of thin sections and scanning reflectioo eleclron microscopy of the peat
particle surfaces. The Badenoch peat us€d contained: plant cell-wall fragments,
membranes with dense-lightdeDse appearance io vesicular or linear form,
tubular structures, other uoidentifed wall-like fragments, all usually surrounded
by a rnatrix of varying electroo deosity atrd ganularity. ElectroD density was
generally coDsiderable, even in plant-wall fragments, although the matrix has some
electron-traosparent spac€s. Remains of bacteria and actinomycetes often oc-
cuEed within the peat particles. Particle shape varied a geat deal; the surface
was irregular with maDy cieyices. Rhizobium cells werc found on the surfaces, aDd
sometimes in crevices of the particles. Rarely > I 0 cells were found tog€ther atrd
the cells were usually several microns apart. The rhizobia were structurally
similar to broth-culturcd log phase cells, but the region between cell wall mem-
brane and plasma membrane in many was very elcctron deDs€. The rhizobia
were usually eumeshed in a fibrilar matrix comecting thellr to the peat particles;
this was probably the film seetr to cover the bacteria itr sca.nning surfac€ pictues.
The pictures show that most of the peat surface is fre€ of rhizobia, and that
many Eore bacteria could be added when the p€at culture is preparcd.

4.5 DARr, P. J. & (WrooN, D. C.) (1970) Nodulatioo and nitrogEn
fxation by Wgna sinentis and Yicia atropurpurea: the iDflueace of con-
centration, form and site of application of combined nitrogen. Ausr. l.
agric. Res.2l, 45-56.

Nitrogen fixatioo by Vigna sinensis nodulated effectively by eithet Rhizobi.ln
QA323 or CM4l is little restricted by applications at sowing of NHaNOs up to
24 mg N/plant. Tho groMh pattems of thes€ two associations are differeotially
affected by N, and both differ considerably from unnodulated plants given
combined nitrogen. Nitrogen fxation by I/. srzerrrs--SU3l8 can be stimulated
by small amounts of combined nitrogen at sowilrg but all amounts of combined
nitrogen used in these experiments depr€ssed fxation by yicia atrcpurpurea.

Primary root nodulation of I/. atrcpwpurea by tt,€ efre,live Rhizobimt stIain
V27E, or the ineffectiye strain NA6, and of Y. sinetsis by tlrc effef,tive Rhizobium
straio SU3l8, is influenced by the form and amount of the combioed oitrogeD
applied (NHNOr, KNO3, (NHdzSOa or CO(NHz)z), and of Z. afiopurpures
is also influenc€d by Rhizobium strai[''f'h€se forms of combined dtrogetr r€strict
primary root nodulation on both hosts similarly except that urea has little effect
on y. attoputpurea- Both plants formed many more nodules on the secoDdary
roots than on the primary, but numbers oD s€condary roots, were litde affected
by the combined nitrog€n.

Immersing the frst leaves of y. sirc/u{,is se€dlingr in solutions of combiEed
nitrogen depressed nodulation, but urea slightly stimulated top dry weight.

4.6 HAvMAN, D. S. (197O\ Endoeoie spore numbers in soil and vesicular-
arbuscular mycorrhiza in wheat as influenced by season and soil treat-
merrt Trats. Bt. mycol- Soc. g, 5X3.

Numbers of-Ezdogoze spores in soil chatrged little from Deember to Junq greatly
increased during luly, and began to decreas€ in Septemb€r. Formalin applied to
soil in 1967 made spores fewer in 1968, and had morc effect in soil not previously
given formalin than iB soil given formalin in 1964 and 1965. Plots without
nitrogetr and other fertilisers coDsistently contained more spores thao plots with
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fertilisers. Vesicular-arbuscllar mycorrhizal infectioD was sparse during May
and iacreased during the summer to a peak in September. It was most abundant
in plots containing mosl hdogone spores- The number of spore types differcd
in differetrt wheat fields. The increases io spore numbers and mycorrhizal infec-
tion during the summer suggEst that Endogone tlas little effect on the wheat
during the period of rapid root and shoot development beforE flowering.

4.7 KLEczKowsKA, J. (1969) The mutation of some virulent rhizobiophages
into the temperate form. Cai.l. Mictobiol.15, 1055-1059.

Lysogeoic bacteria carrying temperant mutants of virulent rhizobiophages
were isolated from some of the cultures which phage resistatrt survivals of host
bact€ria had co€xist€d with the virulent phages for several w€eks at 25'.

4.8 MossE, B. (1970) Honey-coloured, s€ssile Endogone spotc: l. Life
histor!. Arch. Mikrobiol. 7O, 167-17 5.

Th€ life history of a mycorrhizal Endogoae sp. with honey+oloured, sessile
resting sporcs is described. The spores originate as lateral outgrowths from the
subtending hypha of a prcviously formed mother sporc that collapses wheD its
conteuts migrate into the rcstiog spore. Beforc the restiog spore germiuates,
deose regioos develop within it and the wall sptits. Peripheral compartments
with normal cytoplasmic contents develop within the split wall- Several germ
tubes, origiDathg in these comparknents, p€netrate the outer wall wheo the spore
germimtes. The possibility is discuss€d that the restiog spore may be a rygospore,
aod the peripheral compartmeoB aDalogous to a sporangium.

4.9 MossE, B. (1970) Honey+oloured, sessile Endogote spor6: II. Changes
in 6ne structure during spore developmsnt. Arch. Mikrobiol. (ln the
press.)

The 6ne structure of honey+oloured, sessile Ezdogoru spores is described from
initiation of the mother spore to dormancy of the restisg spore. Thre€ unusual
organelles ocrur, viz. pigment granules, large crystals and self-duplicating
bacteria-like structures. The first two are very numerous, and are specifically
associated with spore formatiotr. The pigment granules are involved in the
deposition of the honey-coloured wall, and change into myelinJike figures
when cytoplasm moves from the mother into the resting spore. The crystals,
the function of which is not known, are most conspicuous just before the resting
spore reaches dormaocy. The bacteriaJike organisms, \trhich may be actinomycete
spor€s living symbiotically in the fuDgus, multiply greatly as the spore enters
dormancy. The dormant sporE contains very liftle cytoplasr! which is compressed
into a 6ne network between very large polygonal oil globules and large round
bodies thought to contain a storage polysaccharide.

4.t0 MossB, B. (1970) Honey<oloued, sessile Endogoae spores: IfI. Wall
structure. /rcr. Mikrobiol- (In the prcss.)

Honey+oloued, sessile Endogone spora develop as lateral outgrowths from the
subtending hypha of a previously formed, shortJived pareDt spore. Cytoplasm
migrates from the parent spore itrto the rapidly expanding rcsting sporc, which
is full-grown after 3 days and theo develops its characteristic honey colour. The
rigid, colou€d, outer wall of the matue resting spore can qsily be dissected from
a thin traDspar€nt inner wall. Before germination the multi-layered wall of the
r€stiDg spor€ splits, cytoplasm moyes ioto the split, and new radial and tangential
walls are laid down. This produc€s a series of p€ripheral compartments within
the split wall, and gprm lubes aris€ from these.
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4.ll MossD, B., HAYMAN, D. S. & Ipr, G. I. (1969) Growth responses of
plaDts in unsterilis€d soil to inoculation with vesicular-arbuscular
mycorrhiza. Noture, Lond. 2U, 1O3l-1O32.

Seedlings iofected with vesicular-arbuscular mycorrhizal endophytes can grow
better in unsterilis€d soil than non-mycomhizal s€edlings and almost as well as
myconhizal seedlings in sterilised soil.

4.12 RoucHLEy, R. J. (1969) The iniuence ofroot temperature, Rhizobium
strain and host selection on the structure and nitrogen fixing efficiency
of the root nodules of Trifulium subterraneum. Aan. Bot. (In the press.)

Low root temperatures gxeatly affected the structure and N2-fixing efficiency of
root nodules. More Dodule tissue was formed per plant at 11" and 15" tha! at 7"
and 19'C. Low roor lemperatures either prevented or slowed bacteroid differ€o-
tiatioD; the differentiation zone was l9r( of tbe total nodule tissue at 7' but
only 5)( ar 19'C.

The amount of bacteroid tissue formed at the different root temperatures by
lhe two fully effective straios TAt and SU297 reflected the envfonment from
which they originated. Both formed the same amount at 15'aod l9'C but
only TAl, which originated from a cold environment formed bacteroids at 7'C.
At 7"C a bacteroid-flled cell did not degenerate until after 20 days, c.f. less thatr
10 days at I9"C. At 7"C and ll'C all strains formed more bacteroids in the
abundantly nodulating than in rhe sparse host indep€ndently of uodule number.
Strain 0dO3 was most sensitive to both temperature and host; it formed bacteroids
in nodules on the sparse host at l9'C only, but formed bacteroids in the abundant
host between 7'-19"C.

The amount of bacteroid tissue formed by TAI and SU297 depended directly
on nodule number atrd was approximately constant betwe€o 20-40 days only
at l9'C when oodule formation had almost stopped.

The optimum temperature for maximum fixatioD of uitrogen was not neces-
sarily that for maximum efficiency of 6xatioD, which for thes€ exp€riments was
5l pg N/rnm3 bacteroid tissue/day.

4.13 Roucnuv, R. f. & DaRr, P. J. (1969) Root temperature and root-hair
infecrion of Tiloliot subterraneum L. cv. Cranmore. Pl. Soil 32.
(In the press.)

The infection of root hairs and trodulatiot of T. subterrdneum L. cv. Cranmore
by Rhizobiurn trifolii sftairt TAI was extremely seBsitive to root temperature.
Within the range I l'-19"C infection was progressively delayed as root teml)era-
ture decrcas€d. At 7oC, root hairs were not iDfected by ,() days, aod lateral roots
formed in the zoDe where nodules formed at 19'C.

4.14 RoucHLEy, R. J. &DART, P. J. (1969) Reduction ofacetylene by nodules
of Tilolium wbterraneum as affected by root temperatue, Rhizobiam
strain and host cultivar. Arch. Mikrobiol. 69,l7l-l'79.

The nitrogenase activity (measured by reduction of CzHz to CzHr) of nodules
ol Trifolium subtenaneunt grown at root temperatures from 7'-19'C was
broadly correlated .l ith nitrogen fixatiou. Root temperature did not afrect
enryme activity pet se but did affect the amount of enzyme formed. Exposure
of nodules to 7'C for 24 hours did uot decrease activity comparEd with 19'C.
Activity was greatest wheu nodules were about 4 days old, before swollen bac-
teroid forms were produced, and then declined. The effectiveness of a bacterial
straitr at a given temper-ature was related to the amount of enzyme produced
and to its persistence. Nitrogenase activity should be measured thoughout the
plalt-growth cycle for valid comparisons of strain effectiveness.
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4.15 RoucHI-Ey, R. J. & DARr, P. J. (1970) Gro'r,nh of Ttifolium subteft@
,rerrn L. s€lected for spars€ and aburda[t nodulatiotr as affected by root
temperature and -R izobium straia. J, exp. Bot. (In the press.)

Root temperature greatly affected plant gxowth whether or not plants depeoded
on symbiotic nitrogen fixation. Plant yield was signmcantly decreased by each
4" fall in temperature from 19" to 7'C, by amounts that depended both on the
host arld Rhizobi m strain. Symbiosis with strain TA1, orighally isolated from
a cold environment, was most tolerant of a root temp€rature of I l"C.

Root temp€rature affected the trumber, rate of formation and distribution of
nodul€s on the root system. At 7"C fewer uodules formed than between ll'-
19'C. At 7'C nodules did not form oD s€condary roots by 40 days but at l1'C
the s€condary roots nodulated rapidly between 3O-4O days. Nodule formation at
l9'C was almost completed at 20 days, when secondary root nodules accounted
for 60% ofthe total. within the raoge 15"-19'C, at which the original selections
for sparse and abundant nodulation were made, plants nodulated true to selec-
tion, but not at ll"C. At 7'and ll"C plants nodulated with TAI yielded more
with incrcasing number of nodules.

4.16 Roucarrv, R. J., DARr, P. J., NrrrMAN, P. S. & CLARXE, P. E. (1970)
The infection of Tfifolium subteftone,/n root hairs by .R rizobium t folii.
,1. exp. Bot- 21, 186-194-

Both host cultivar and Rhizobium strain influence the number of infected root
hai,rs of Tilolium subterraeum seedliDgs. Yarloop had fewer infections than
Cranmore, Mount Barker or Tallarook and Rhizobium fiilolii strailj. 5 infected
fewer hairs than slrain TAl. Hybrid lfues bred for sparse or abundaot nodulation
bad similar numbers of infected hairs, but, as in the cultivars, these always greatly
exceeded the number of nodules formed. More infection threads aborted early
during gowth in the root hails of Claomore than other hosts atrd early abortion
w,ul more common with strain 5 than with strain TAl.

On all hosts and with all Rhizobium strains, infection began oD day 3 and was
inilially restricted to one or two zones along the root, with later infections
extendiog these zones or initiating new oBes. The exponential rate of infe€tion
(least for Yarloop) slowed sharply when nodules appeared. Early nodules and
lateral roots formed at different places in different hosts, atrd in most cultivars
and hybrid lines nodules and laterals occurred in mutually exclusive zones.
Primordia arising above the 6rst nodule failed to develop further.

4.17 RoucHLEi R. J., DART, P. J., NLTTMAN, P. S. & (RoDRrcuEz -BARRUECo,
C.) (1970) The influence of root temperature oo root-hair infectioD of
Trifulium ubterraneumby Mizobium trilolii. Proceedings of the XI Inter-
narional Grqstland Congress, Swlers Puadise, Australia. (h the press.)

The infection of the root hairs of young wdlings of T. subtetatearz by nodule
bacteria was examined at root temperatures of ?", l9' and 7' for 9 days before
transfer to l9'C. Infection at l9"C began when s€edlings were 3 days old but
was delayed at 7"C tiU 1 3 days. At 7'C the rate of subs€quent infection was also
slower; 17 days elapsed before infections reached the number attained in 3
days at l9'C.

When seedlings werc transferred to l9"C from 7'C, infection began within
24 hous and continued faster for a time than ir plants gowo continually at
l9'C, but it stopped sooner, so that the final number of infectiom was not
signifi cantly increas€d.

The oldest portion of the root hair zone wlui not always the first infected,
and at 7'C this part commonly remained uriDfected. At l9"C the length of the
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younger uninfected zone, extending from the root tip, hcleased with plaDt age,
The pattem of the distribution of irfected root hails was cornmonly either uni-
or bi-modal itrdependently of root temperature.

4.18 WALKER, N. & HARRrs, D. (1969) Aniline utilisalion by a soil pseudo-
monad. J. oppl. tucL32,457-462.

A Pseudomonas sp., isolated from soil, grew with aniline as its sole carboo source.
Washed cells oidised aailine by an induced enzyme system and liberated
ammonia- Washed, aniline-grown organisnrs oxidised without lag aniline,
catechol, paminophenol and a' aDd zr-toluidine.

4.19 WAI,x.rx, N. & HARrus, D. (1970) Metabolism of 3-chlorobcozoic acid
by Azotobacter spff.ies. Soil Biobgy qnd Biochemistry 2,27-32-

Washed, b€Dzoate-gxow[ Azolobacrer yinelazdr'i organisms, and, at a less€r rate,
beDzoate-gxown A. chroococcum organisms oxidised 3-chlorobeozoic acid to
producr 3-chlorocatechol. Neither species gre\v with 3-chlorobeDzoate as carboo
source.

Botany Department

BooK

5.1 BRsNcrn.Ey, W. E. & WARTNGToN, K. (1969) The Park Grass Plots at
Rothamsted, 1856-1949. HarpeDdeo: Rothamsted Experimeotal Station
(origina[y published 1958; reprioted with some revision), 144 pp + 3l pp,
figs. and tables.

GENTRTL PAPIRS

5.2 HuMpm.Es, E. C. (1969) New roles for growth
FarnEr. February, $-51.

5.3 TtsoRN& G. N. (l%9) Physiology of erain yield.
No. E5, 42-46.

regrlators. Aroble

N.A.A.S. q. Rev.

PlPEx nr Rorneusrnp RiPoRT, PART 2

5.4 HuMprnEs, E- C. (1970) Chemical coDtrol of plant growth. .Rer.
Rothamsted exp. Stn for 1969, Pafi 2, 131141.

A summary of work done at Rothamsted otr the eff€cts of growlh regulators oD
crop plants.

R-ESEARCH PAPERS

5.5 FRENCH, S. A. W. & HuMpInEs, E. C. 0969) Persisteot eff€cts of
s€edling treatment on gowth of sugar beet il pots. An t. appl. Biol. @,
l6l-175.

Further evidenc€ is provided that the enviroDment of sugar-beet se€dliDgs, or
growth substaoc€s applied to se€dlings, contioue to influenc€ growth wheo the
plaDts are later io other environments.

Sugar-beet seeds were germioated at 20'C in 8, 16 or 24 hour photoperiods
of consta.nt light intensity, i.e. with different amoutrts of total radiation. Wh€n the
seedlings had two leaves (li-18 days old) they were transferred to large pots itr
the glasshouse. Some were tleated with (2 chloro€thyl)trimethylammonium
chloride either sprayed on the leaves or applied to the soil at differeDt times.
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The treaimeots aff€cted the areas of individual leaves throughout tho growitrg
p€riod; plaots rais€d in 24 hour photoperiod had the larg€st leaves, aDd thos€
itr 8 hour photoperiod the smallest. Consequently, 24 hour plants had most dry
matter and 8 hour plants teast. Plauts given most radiatiotr produced leaves
fastest and CCC applied early inoeas€d the rate, but as the leaves werc smaller,
exc€pt late in 1967, and died soooer, the leaf area duration was less and so yields
were l€ss. CCC applied later did not affect leaf productioD- There was no inter-
action between amount of radiation and CCC treatment,

TweDty-four hour plants had the greatest net assimilatioD rate (E) early. CCC
deqeased E early, but ircreased it later and more when sprayed oo the leaves
than when appli€d to the soil.

HuMpHREs, E. C. & BoND, W. (1969) Experiments with CCC on
wheat: effects of spacing, nitrogen and irrigatioD. Am. oppl. Biol.
a,375-384.

In experimeots with spriog and winter wheat at Rothamsted and Wobum
during 4 years, CCC increased yield at close spacing (4 in., l0 cm) more thall at
usuat spacing (8 iD., 20 cm), but th€re was no interaction between spacing aod
yield.

Some experiments tested up to 2.4 cwt N/acre (300 kgfta) to se€ whether
yields continued to increase with more than usual amounts of N, when CCC
prevented lodging. There was no evidencc of this.

When a short dry spell occurred at ear emergence, yield of spring wheat was
increased by 6 cwt/acre (750 kg/ha) by CCC and 10 cwt (1250 kg) by irrigation.
CCC probably improves yield in these cooditions b€caus€ the larger root system
it causes eDables more ear-b€ariog shoots to survive.

CCC iDcreased yield in two ways, either by increasing ears or grains per ear.
In an unlodged crop, CCC usually makes the grains smaller, but by preventitrg
lodging it can also increase grain size. Usually CCC decreases the leaf area per
shoot. The flag leaf may be smaller, unchanged, or Iarger than those of untreated
plants, There was no obvious connection between flagJeaf area and grain yield;
when CCC decreased flag-leaf arca duratio[W 25i1, gmi.r yield was unchanged.

The results suggest that using CCC gives a more than even chance of a profit-
able yield increase.

5.7 Hui,pHRrEs, E. C. & FRxNcH, S. A. W.0969) Photosynthesis in sugar
beet depends on root growth. Planta 8, 87-90,

Sugar-beet plants, germinated in gowth cabircts at 20'C and transplanted ioto
the field after 3 we€ks, developed much larger roots than plants grown from s€ed
drilled directly into the soil. At the end of the s€ason, the roots of transplants
were 39\ geater than from dritled seed-an increase of 14 tonnes/ha. The
increased leld was mainly from a sustained increase in photosynthesis because
of the larger sink for carbohydrates provided by plants from the grofih cabinets,

5.8 HL'rcHnEs, E. C. & FRENCH, S. A. W. (1969) Effect of se€dling treat-
meDt on gro\rth and yield of sugar beet in the field. Ann. appl- Biol.
64,385-393.

Sugar-beet seeds were germinated (l) in a gxowth cabinet at 20.C lit cotr-
tinuously by fluorescent tub€s (L); (2) in a cabinet at 20"C lit by fluorescent tub€s
for 1 6 hours per day (S) ; (3) in a cage with glass roof aDd op€n sides with natural
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itlumination (N); or (4) h the opGn ground @). The seedlings from the cabinets
and cage werc transplaDted to the field when they had two true leaves. Samples
were taken on six occasions during growth, and leaf areas and dry weights
determined.

There was no diflereoce between treatmeuts in total number of leaves pro.
duced or leaf area duration. L€af area per plant increased fastest otr L plants at
first, but from mid-rune till eDd of July drilled plants had the largest leaf surfac€.
From August onwards S plants had the largest area. Although treatment had
liftle eff€ct on groMh of the tops, roots grew fast€st throughout the s€asotr on
the plants raised in growth cabinets, and the final mean root dry weight of L
and S plants was 39% greatq thao of N and D plants. Throughout the seson
L aDd S plants had a larger root : top ratio than plants raised in the cage or
drilled directly in the field. The larger roots of plants rais€d in the cabinets
evideDtly provided a larger sink for carbohydrate and iDcreas€d th€ mean photo-
synthetic emciency of the leaves over the whole s€ason by I I % and increased
yield of roots by 6 tons/acre (14 toDnes/ha).

5.9 Hui,pHREs, E. C. & PrnuncoDA, U. (1969) Effect of morphactiD on
growth of potatoes. Ber. dt- bot. Aes-, yortL Gesceb. Bor, N.F. No. 3,
139-147.

Morphactin IT 3456 (methyl-2-cbloro-9-hydroxlduoreDe-(9)-carboxylate) in-
hibited the glowth of stems and yourg leaves of potato and stimulated gowth
of basal axillary branches and utrderground stolons.

It decreased traDspiration and delayed tuber development so that the fastcst
bulking rate occured later than in uotreated planls. The delay in tuber develop-
ment was reflected in furcreased tuber water content.

More small tubers were produced by morphactin.
Potato seed pieces soaked in morphactio solution for t hour gew slowly

but after considerable delay developed into norEal platrts. Treatment iyith
gibb€reltic acid, indolylacetic acid or kinetin, sinely or iD all combinations, did
Dot counteract the morphactio effect.

5.10 LEACn, G. J. (1969) The relation of photosynthesis by phytometers in
the profiIes of kale crops to leaf area index above them. l. appl. Ecol. 6,
499-505.

To estimate the effect of the foliage at differeut positions in the profiles of kale
crops on the rate of photosytrthesis b€low it, the leaf area index (I) of the crops
was varied either by removiDg some of the plants or by cuttiDg off all the leaves
above specified h€ights from the ground (topping). The net assimilation rates (E)
of phltometers (sugiar-beet s€edlings supplied with nutrient solution), placed at
diferent depths in the profiles were then measured.

Ph).tometer Eat a given height in the profile increas€d as the plant populatioo
was decreased by thiming, or as the heigit of the crop above the ph,.tometers
was decreased by topping to lower levels. The changes ir E were almost com-
pletely explained by the changes in Z above the phytometers. However, leaves
near the bottom of crop caBopies d€€reas€d phytometer E slightly l€ss than equal
areas of leaves higher in the crop, although they did Dot intercept less light,
Phytometer E was zero when crop Z above the phytometer was approximately 4.
Watson obtained a similar value for the optimal leaf area index of kale by othcr
means,

386

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


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

https://doi.org/10.23637/ERADOC-1-124 pp 28

ABSTRACTS OF PAPERS

5.ll SrrpB, D. B., HuMpm.Es, E. C- & ETHERDGE, J. 0969) Effect of Ccc
on eyespot (Cercosporella herpottichoides) of winter wheat. Pr. Pari.
18, 182-185.

CCC applied to \r,inter wheat crops sometimes lessened lodging and increased
gain yield, but had no effect on the incidence of eyespot or s€verity of the lesions.

5.12 W[uAMs, E. D. (1969) Effects of time of sowing of spritrg wheat ard
defoliation of Agropyton repeas (L.) B€auv, on competition between
thel,i.- Weed Res.9, Ul-2fi.

Spring wheat, sown at thre€ different times, and Agropyron repens, &foliated
at the same three times, were grown separately or together io pots kept i! atl
op€n-sided cage. The pots were widoly spaced aud adequately watered. Early
sowitrg of wheat gave a g€ater grain yield than late sowing, and lessened the
loss from competitiot wit,i Agropyrot Early defoliatioD of Agropyron slo\ ej.
its subsequent growth more than did late defoliation, and plants defoliated early
su.ffered more from competition with wheat. Competition, probably mainly for
nitrogen, d€creased tiloring and the number of ears produced by wheat, more
when sowing was late than early, but grain dry weight per ear was decreased
equally at the three times of sowing. The rate at which wheat produced leav€s
was affected by competition only at the last date of sowing, In competition with
whe,l, Agtopyron produced fewer shoots and ca$, had lighter shoots aEd
rhizomes, and ear emergence was slightly delayed.

Bicchemistry Department

GENERAL PAPERS

6.1 htr], N. W. (1969) Complementary ways of m€eting the world's
proteir noed. b\: Prcteins as humqa food. Proc. 16th Eqster Sch. agic.
Sci., Utiv. Nott., 1970; Proc. Nutr. Soc. U,251263.

6.2 hE, N. W. (1969) The EMBO question debated. Nsrure, Lond. Z2A,
829.

6.3 PB.E, N. W. (1969) The nature, origins and distribution of life.
Scinteio (Rtmatid\. (In the press.)

6.4 PIRIE, N. W. (1969) Plants as souces of rmconveDtional proteio foods,
I\: Syntposium on World Food Supply. )C Iotemational Botanical
Congress: Seattle.

6.5 PRE, N. W. (1970) Potentiat protein sourc€s for human food. In:
Cont rutity health l, 207-214.

6.6 PmE, N. W. (1969) Retrosp€ct on the biochemistry of plant virus€s.
Biochemical Society publicatiot ot the occasion of irs 500rh meeting,
(In the press.)

RxsEARcn PAPERS

6.7 Axl(colr, D. B. (1969) Pres€rvation of leaf protein preparations by
an drying. l. Sci. Fd Agric. m,600_602.

Air-dried leaf protein has hitherto been dark ard grtty, but by drying in two
stages, initially to between 20 utd 3Oi/" moisture, then fue grinding before
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completiDg air drying, a product can be made with as good ao appearance and
texturo as that made by freezedrying. The keeping quality and digestibility of
this material are also similar to fre€ze-dried protein.

6.8 BAcoN, M. F. & HoLDEN, M. (1970) Chlorophyllas€ of sugar-b€et
lfal"es. Phytochemistry 9, ll5-125.

The chlorophyllase of sugar-beet leaves was charactedsed and partly pudfied
by gel-flltration and ion-exchange chromatogaphy on various types of S€phadex.
A rapid method was developed for determining the chlorophyllas€ activity of
fractions from columns. IndicatioDs of more than one form of the enzyme may
be explained by its tendency to associate or aggregate with itself or with other
substanc€s. Association is greater in 0'02 M citrate than in citrate contaidng
0.5 M sodium chloride. The enzyme is strongly adsorbed io negatiyely charged
matorials, which may explain its improved extractability when the sodium
chloride conc€ntration of the medium is inqeased. Measuements of some
prop€rties of the eDzym€ are affected by insolubility of the substrate.

6.9 HoLDEN, M. (1970) Lipoxidase of laves. Phytochemistty 9. (lD the
press.)

The poroxidation of linoleic acid by leaf exftacts is shown to b€ catallsed by a
lipoxidase-typ€ enzlrne.

6.10 JERvrs, L. & (HALI {wAy, H. M.) (1969) IsolatioD of ribosomes from
cett walls of barley (Ilordeum vulgare). Biochem. J. ll4, 62P.

Hig$y pudfied cell walls of barley seedlings were susp€Dded i.n a ribosome
isolation medium and pass€d through a French press. The tesulting suspension
was centrifuged at 30 00O g for 30 miDutes and the supematant fluid was re-
ccntrifuged at 100 000 g for 2 hours. Particles were obtained which, when re-
suspended had a characteristic ribosomal absorption sp€ctrum, with a peak at
2@ nm and a minimum absorption at 242 nm.

Plant Patholory Department

THEsrs

HDE, G. A. (1969) The occrurence, deyelopmeot atrd control of skin
spot (Oospora pustulazs) disease of potatoos. Ph.D. Thesis, University
of London.

GELERTL PAPERS

BAWDEN, F. C, (1970) Plant virus research, lai Synposium ot potet-
tidls in crop wotection- New York: Comell University.

BAwDB,r, F. C. 0970) Musings of an erstwhile plant pathologist.
Ann. Rev. Phytopath. 8. (In the press.)

BAWDEN, F- C. (1910) The contribution of research to agriculture. The
George Scott Robenson Mernorial l-ecture. B€lfast: The Queen's
University.

LAcEy, J. (1969) Health hazards from mouldy fodder. World Crops
21,211-2t5.

7.1

7.2

'7.3

'1.4

7.5
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SrcpE, D. B. (1968) The b€nefits and limitations of breakcrops for the
control of soil-bome diseases of cereals. J, notn- Ilst- agic. Bot. ll
(Suppl.), 5,t-57.

RISEARCH PAPERS

7.7 AMMAR, E. D., MTLNE, R. G. & Wersox, M. A. (1970) Virus-likc
particles in tho plant hopp€r Javesella pellucida Fab- t. gen- Virol. 6,
315-318.

Bacilliform virus-lik€ particles 30 Dm wide and 65 nm long occured io the sali-
vary glands, gut walts and btains of a stock of the plant hopper Jatesella pellucida
Fab. rnaintained at Rotharnsted, but not itr a stock from Sutton Bonington,
NottiDghamshire. The particles seemed harmless to the hoppers and to plants
on which the hoppers fed.

7.8 CARpENIER, J. M. & KLEczKowsKr, A. (1969) The absenc€ of photo-
revenible p,,rimidine dimers in the RNA of ultraviolet-irradiated tobacco
mosaic virus. yirology 39, 542-547.

Pyrimidine dimers of cyclobuta.oe type formed in the RNA of tobacco mosaic
virus when iradiated free (about 1.0 dimer per photoreactivable lesion), but oot
in the RNA irradiated inside the virus. Photoreactivable lethal damage also
occurs only in the free RNA, so it coincides with the formation of the dimers.

'1.9 covER, D. A. & KLEczKowsKr, A. (1969) Residuat infectivity and the
exteDt of photoreactivation in three different host plants of u.v.-irradiated
potato virus X. J- gen. Virol. 4,347-354-

Rosiduat fufectivities of u.v.-irradiated preparations of potato virus X were
assayed on three different kinds ofplants. When the plaDts were kept in darkness
to preveDt photoreactivation of the inactivated virus, the residual infectivity
s€emed the same whether Chenopodium amaranticolor or eitbet of two varieties
of tobacro was us€d for assay. When the plaDts were exposed to daylight
photoreactivation occurred in all three kinds of plaots, possibly rather more in
Chenopodiurl lha,i in tobacco. Thus, in coolrast to the results previously obtained
with tobacco necrosis virus, no evidence was obtained for dark reactivation of
u.v.-inactivated potato virus X in Chenopodium.

Without photoreactivation, the quantum yields for i.oactivation were about
0.8 x 10-i and 1.3 x lo-s for lhe whole virus and for the RNA inside the
virus, respectively

7.10 HDE, G. A., HrRsr, J. M. & GRrrrrrH, R. L. (1969) Control of potato
tuber diseases with systemic fungicides. Proceedings of the 5th British
Inseclicide awl Fungicide Conference, 1969,l, 310-315.

Fungus and bacterial diseases are increasing causes of complaint about the health
of potato seed tubers and are not effectively controlled by contemporary fungi-
cides. Tubers formed by rooted stem cuttings are usually initially free from these
pathogens but do not remain so through the years of multiplication to com-
mercial use. However, se€d tuber stocks from stem cuttings can be maintailed
in good health by fungicides that can be applied to dormant tubers and are
effective against various pathogens that affect seed tubels and the growing
crop; two benzimidazoles showed the most promir.
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7.ll HrDE, c. A., HrRsr, J. M. & Mrnov, E. J. 0969) The phenolo$r of
skio spot (Oosporu pustuloas Owen & Wakef.) and other fungal diseases
of potato tubers. Am. appl. Biol. il,265J79.

Undergrouod stems and roots of the potato varieties King Edward atrd Majestic
karne more severely infected by Oospora pustulans (skin spot) as the growiDg
seasou advanced. Tubers became infected at their initiation ir Jure and July
but the proportion of infected eyes usually increased duriog both the gro*th of the
crop a[d bulk storage. Some buds on tubers in bulk stores died in Docember,
but few were killed until after January, when attacks increas€d until by March
about a quarter of Majestic eyos were usually dead. BoKing (chitting) not oDIy
preveoted most eyes from dying but also prevented much skin spotting otr tub€rs.
At High Mowthorp€, Majestic seed utrboxed or boxed itr March yielded, res-
p€ctively, 3 and I ton/acre less than s€ed boxed by January. Eady boxing in-
seas€d the yield of sced-sized tubers but did not affect the infection of progeny
tubers. Dipping Majestic seed tubers ilr organo-mercurial fungicide and then
boxing soon after lifting decreased their infectionby O- pustulans; it also lessencd
infection on plants they produc€d and increas€d the yield of progeny seed-sized
tubers. However, dipph& even in successive years, had liftle effect on the infec-
tion of progeny tubers by O. pustulat*.

Rhizoctonia solani aid. Ilelminthosporum atrovirens lffame increasiagly
prevalent on tubers during growth after July and during bulk storage. 1L arro-
virez.r was decreased by early boxing or dipping tubers in fungicide. Verticillate
conidiophor€s often grew on incubated tuber plugs but their prevalence was
affecled by past storage.

The results suggest that some of the bqefit of chitting may be from disease
cootrol, but how much could not be measured.

7.t2 HoRNBy, D. (1969) Quantitative estimation of soil-bome inoculum
of rhe take-all f\ngus (Ophiobolus grumrzis (Sacc.) SnLcx,.). Proceedings
of rhe sth British Insecticide and Fungicide Conference, 1 9,1, 65-7O-

A maximum likelihood estirnation of the number of infective units (.tr) of Opria.
bolus gaminis ir,oclJ lum iD soil can b€ obtained from host-infection tests using
dilutions of either whole soil or the org,anic debris extracted from it. Details of
procedure, suggested test conditions and experimental examples are given,
Estimates of ,\ \f,ere small (e.g. 5 per 150 cm3 of a sandy loam immediately after
harvesting spring wheat and I per 150 cm3 in the February following) and in
3-week tests on whole soil depeoded on thc numb€r of seedliDgs/pot (opti-
mum:2/pot). For latrd growiDg spring barley sampled in May, estimates
were geater with dilutions of extracted organic debris than of whole soil. Soil
from within the barley rows had 0.59 infective units/150 cms and soil from
betweeq rows ooly 0.37. Practical application of the method is discussed.

7.13 HoRNtsy, D. (1969) Methods of iDvesrigatitrg populations of take-all
furgas (Ophiobolus gramrars) in soil. Ann. appl. Biol. G, 5O3-513-

Attempts to isolate Ophiobolut gramrhri directly from iDfested soils failed, so
host-iofection techniques were used to study soil-bome populations of the
fungus. Extracting organic debris from soils and grading it by wet sieving through
standard meshes concrntrated the fungus. FractioDs were tested for infectivity
either as layers in pots of sand or by packing into short lengths of polyvinyl
chloride tubing, through which wheat seedlings were grown. Coane debris
(retained by 420 ,, ap€rture sieves) were most infe{tiye and usually caused lesions
within 3 weeks; whole soil and especially fitre debris (<420 F) caused fewer and
less severe infections, which often became apparent only after 3 weeks. Slight
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iDfectivity of the sedimeDt fractions was attributed to imperfect separation of
debris. Soil sampled in crop or stubble rows qtused more infections lhan soil
from between rows.

Usually seedling infection was made manifest by root lesions and runner
hyphae, but these symptoms were Dot always plain or conclusive. MaDy seedliDg
roots lhat rotted when kept moist and io the light produced perithecia within
6 weeks. Although perithecia formed on some roots where neither lesions nor
hyphae were found, they did not form on all diseased roots, More needs to b€
known about the factors inffuencing perithecial formation before it can be used
as a reliable confirmatory test.

7.14 K-AssANrs, B. & WooDs, R. D. 0969) Properties of sotne defective
strains of tobacco mosaic virus and their b€haviour as affected by
inhibitors during storage ia sap. Am. appl. Biol. @,213-224.

From the type strain of tobacco mosaic virus, defective strains were isolated that
produced chlorotic or ringspot t)!€ symptoms in tobacco and lvere difrcult to
transmit without carborundum in the inoculum. Their conc€ntration was less

thao 0.1 pg;/ml of sap instead of the usual 2 mg/ml with the type strain. Phenol
extracts of infected leaves were a litlle more infective than extracts in buffer,
whereas pheDol extracts of leaves infected with t,?€ strain were very much
less infective than exiracts in buffer. Electron microscopy of infective sap rarely
showed any virus particles, but preparations concentrated by ultEceDtrifugation
did, maoy of which were broken or seemed inadequately assembled.

Changing the ambient temperatu€ at which infected plants werc kept from
20 to 35'C did oot ircrease the amount or improve the appearanc€ of thc virus.
Some of the strains were inactivated during heating for l0 minutes between 70
and 80'C.

Undiluled sap lost its infectivity in 3 days at 20"C, as did the type strain wheD
diluted to 0l pg/ml in sap from healthy leaves. This is because substances that
inhibit hfection were produced by microbes in the sap. The ability of sap from
healthy leaves to inhibit infection increas€d by more than twenty-five times when
left 3 days at 20"C. Infectivity of appropriate mixtures of type strain and aged
sap was restored by diluting them in buffer. Sodium azide at O'02y" itr sap
preveoted formation of the inhibitor. The iofecrivity of the defective strains
increased when inoculated together with the t}?e strain.

7.15 K-AssANrs, B. & LEBET,'RrER, G. (1969) The behaviour of tomato bushy
stunt virus and bromegrass mosaic virus at differEDt temperatures rr IiIo
ajod in vitro. J. gen. Virol, 4, 385-395.

The multiplication and inactivatiotr of tomato bushy stutrt virus ([BSV) and
of brornegrass mosaic virus (BGMV), both of which have spherical particles,
dmered geatly at different temperatures. TBSV was inactiyated in and dis-
appeared from infected plants at 36'; BGMV maiDtaioed its content and virus
produc€d at 36" was as infective as that produced at 20'. Infectivity of TBSV
was lost th vivo or r, ,!'rro without any apparent change in the physical properties
of the particles or of the nucleic acid.

BGMV was unaffected by heating r,l,iro for an hour at 45' at pH 5 8, but at
pH 7.0 lost its infectivity withitr an hour at 36". Even at 20" the particles were
unstable and, in the presence of pancreatic ribonucleas€, some but not all
particles disintegrated to produce two new components. BGMV from plants
infected for I week was, weight for weight, more infective than virus from plants
infected for 3 weeks, and contained proportionally more 27 S nucleic acid than
non-infective 22 S ot 14 S. When virus was heated at 31" in buffer pH 6 8 the
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amounts of S 27 and S 22 nucleic acid dimioished, but amounts of 14 S nucleic
acid diminished only at higher temperatures. Thus itractivatioD of BGMV, but
oot of TBSV, may reflect breaking of the nucleic acid.

7.16 KLEczKowsKr, A. & GovrER, D. A. (1969) Action spectrum for in-
activatioD of the infectivity of potato virus X by U.V, radiatiotr. proro-
chem. Photobiol. f0, 53-59.

Quantum yields for ilactivation of infectivity of potato virus X by mono-
chiomatic ultraviolet radiation of wavelengths ranging from 230 to 290 nm,
were measured with reference to enerry absorbed by (a) the whole virus aod
(b) the virus RNA. The yields dep€nded on the waveleDslh, bur thosc with
refereuc€ to energy absorbed by the RNA varied much less (\rith extreme valu€s
of l0 3 and 1.9 x l0-3) thao those with reference to whole virus. Cons€quently the
actioD sp€ctrum for inactivation of a dilute solution of the virus resembled the
shape of the absorptiotr spectrum of the RNA, but not closely enough to allow
coiBcidence by adjusting the scales. The amount of photoreactivation increased
as the wavelength increas€d and also as the year progressed from May to July;
the extreme values of the photoreactivable sector were 0 43 and 0.86.

7.17 MLNE, R. c. (1970) An electron microscope study of tomato spotted
wilt virus in thin se€tions and negative-stain preparations. J- gen. yirol.
6,267-276.

Matue particles and the early stages of growth of tomato spotted wilt virus
([SWV) were examined by electron microscopy in thin sections atrd by negative
stainhg. Early evidence of infection included: (a) amorphous, darkly-sraining
material in the cytoplasm; (b) spherical virusJike particles 100 om in diameter,
with two coDc€otric membranes; (c) coDfigurations interpreted as membranes
budding to form the particles in (b); (d) mature virus particles res€mbling the
inner membranes plus cores of the particles in (b). Similar structures were seetr
in thin sections of developing local lesioDs. Local and systemic infections more
than 5 days old contained only mature particles aod not structures (a), (b) and
(c).

A possible virus-maturation sequence is proposed, though lack of synchrony
in infected cells makes this tentative. The evidence here provided does not
suppon the suggEstion lhat TSWV is a myxovirus.

7.18 REES, M. W., SHoRr, M. N. & KassAMs, B. (1970) The amino acid
compositioD, antigenicity and other characteristics of the satellite viruses
of tobacco necrosis viros. Yirology. (In the press.)

Three strains of the satellite (SV) of tobacco necrosis virus (TNV) were com-
parcd antigenically and in their ability to multiply with the help of differeot
strains of TNV- Their antigenic specificity was not influenced by the strain of
TI.[v but depended on the particular strain of SV used in the mixture. Anti-
genically the tfuee strains were distinctly different and this was reflected in the
49 changes in the amino acid compositiotr of SVr and SVz. SVr and SVs multi-
plied well in mechanically inoculated leaves, whereas SVa did best in tobac{o
roots infected by the aid of the vector O/p idium brqssicae. Ambient temperature
of 36'C which inhibited the multiplication of TNV, also affected SV. AII strains
crystallised readily and virus was lost in crystals during purification unless care
was taken.

From amino acid analysis and two-dimensional peptide maps, the molecular
weight ofthe protein sub-unit of SVr was found to be 22 800 and to contain 2Og
amino acid residues. 182 out of the 208 amino acid residues were accounted for
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in tryptic peptides separated by ion exchange and S€phadex chromatography.
In the TI.IV aDd SV association, the RNA of SV codes for its coat protein. On
the basis of the triplet code lhe coding for the coat protein would require 624
ofthe 1200 nucleotides and thercfore SV can code for another protein. The help
required by SV from TlrMs discussed.

7.19 SALr, G. A. (1969) Etrects of soil fumigation on cereal foot and root
pathogens. Proceedings of the sth British Insecticide and Fungicide
Conference, I 969, l, 3W.

On soil where cercals had been grown frequently a formalin drench applied a
few weeks before sowing sprhg wheat greatly deqeased root infection by
Ophiobolus graminis and significantly fucreased yield. Unless formalin was re-
applied for the subs€quent crop, take-all and cereal cyst-nematode infection
increased greatly and yield decreased. On soil recently ploughed from grass, a
formalin drench neither increased the yield of spring wheat nor prevented take-all
increasing in subsequent crops.

Formalin applied during September for winter wheat decreased take-all in
lhe spring where applied after ploughitrg, but not where applied to stubble; by
harvest it had little effect on take-all incidence or yield.

Formalin had little effect on the incidence of brown foot rot (F6ar,lla, spp.),
or brown root rot (Pythium spp.) but often decreased eyespot (Cercosporclla
heryotrichoides).

7.20 SLopE, D. B., HuMpHREs, E. C. & ETHERTDGE, J. (1969) Effect of CCC
on eyespot (Cercospotella herpotrichoides) of winter wheat. Pl Parlr.
18, 182-185.

CCC applied to winter wheat crops sometimes lessened lodging and iocreased
grain yield, but had no effect on the incidence of eyespot or severity of the
lesions.

7.21 VARMA, A., GBBS, A. J. & WooDs, R. D. 0970) A comparative study
of red cloyer vein mosaic yirus and some other plant virus€s. .f. gfer,
,/irol. (In the press.)

Red clover vein mosaic virus (RCVMV) was compared with other viruses, in
panicular, white clover mosaic virus (WCMV) and clover yellow vein virus
(CYW). An three have filamentous particles, those of RCVMV are 645 Dm
long ald have a sedimentation coefficient (Szo, w) of 160S, those of WCMV are
46O nm long (llgs), and those of CYW between 7m nm and 800 Dm lotrg
(about 1,10S). Particles of RCVMV and WCMV bave an axial caoal of about
3.5 nm diameter. RCVMV and WCMV contain about 6% ribonucleic acid wirh
nucleotide compositions of c31.5, A24.1, C22.'1, U21.7 ard G15.5, A3t.8,
C26.9 and, U25.7 respectively. RCVMV is photoreactivable; after exposure to
ultraviolet radiation, preparations of the virus caused more lesions it Cheno-
podium amaranticolor when the inoculated plants were kept in the light than in
darkness; this is the first virus with seemingly rigid helically-constructed particl€s
to show photoreactivation- RCVMV is distantly serologically related to five
viruses of the potato virus S group, CYW to eight vkus€s of the potato virus Y
group, and WCMV to potato virus X.
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MoncA, M. L. (1969) The effect of soil O?e, crop and nematicides oo
populatiotrs of migratory root-parasitic nematodes. M.Phil. Thesis,
University of Reading.

GEI\ERAL PA"ERS

CLARK, S. A., DoNcAsrEB, C. C., (Fr-Ecl3, J. J. M.), HoopER, D. J.,

work with plaat and soil nematodes. Tech. Bull- Minisr. Agric. Fish, Fd
No. 2, Ed. J. F. Southey, sth edition, rewritten. I-oDdon: H.M.S.O.
(In the press.)

JoNEs, F. G. W. (1969) Integrated conkol of the potato cyst-Dematode.
Proceedings of the Sth Btitish Insecticide and Fuagicide Conf*ence,
1969,3, &6-455.

JoNEs, F. G. W. (1969) Potato cyst eelworm: its biology and the oudook
for control by resistaot varieties and nematicides. Arable Farng,
May 1969, pp. 4547,49.

Wu.r:,cus, T. D. (1969) Chemical coDtrol of the cereal cyst nematode-
can it b€ economic? Prcceedw$ of the sth British Insecticide ond
Fungicide Conf*ence, 1969, l, 16y176-

RxsE Rcn PAPERS

8.6 (ANDERSoN, R. V.) & HoopB., D. J. 0970) A neotype for Cephalobrs
persegnis Bastian, 1865, redescription of the species, and obs€rvatioDs
oa variability in taxooomic characte6. Can- l- zool. (In the press.)

A neotype for Cephalobus persegnis, self,c,ted, from specimens from the type
locality, is described aDd obs€rvations made on the probolae, ovary and tail.
The probolae of topotyp€s and their progeny reared on agar and in sand ranged
from low rounde4 to asymmetrically bifurcate; some were conoid, ending in a
silglo point. The ovary of somo females was straight whereas that of others
was flexed from ooe to six times. The significance of the shap€ of probolae i!
the taxotr,omy of Cephalor.rr and its relationship to the Acrobelinae, particularly
Chiloplacus ar:,d ParaceplraloDas, is discussed.

8;l CoRBEII, D. C. M. (1969) Pratylenchus pinguicaudotus n. sp. (Praty-
lenchinae: Nematoda) with a key to the genus Pratylenchus. Nerna-
tologica 15, 55O-556.

P- pwuicaudatus, a new species associated with wheat at Rothamsted, is dis-
tinguished from other Pratylenchus sp€ci€s by haviog thee head aonulcs, no
males, a long narrow o€sophag€al overlap and a broadly rounded smooth tail
tip. A key is given separating 36 sp€cies in the genus.

8.8 CoRBErr, D. C. M. (1969) Spermatheca shage it Trophurus spp.
Ne rruto logica 15, 429430.

The spermatheca in Trophurus spp. has two lob€s, one at each side of the gonad
projecting forward from a central subspherical part, and not a small oblong
sp€rmatheca as fust described.

394

8.3

8.4

8.5

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


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

https://doi.org/10.23637/ERADOC-1-124 pp 36

ABSTRACTS OF PAPERS

8.9 CoRBEIT, D. C. M. (1970) C.ereal Prarylenchus spp. in England and
wales aDd their recognition. PL Parr. 19, Glo.

Prar),lenchus spp. were the commonest plant-parasitic nematodes found duing
a survey of 6elds in England and wales growing barley ot wbat. P. minyus
occurred in atl soil types, often togpthei with P. thoruei in b@w soil and with
P. cretatus atdlor P. fallax in light soil. P. pinguicaudatus was found only in
heary soil in a field at Rotharnsted carrying wheat, Drawings, descriptions and
a key are given to eoable the five species to be identified.

8,10 CoRBErr, D. C. M, (1970) Maitrtaining nernatode cultures under mineral
oil. Nefiatologica16,156.

Neflratod€s in luceme callus cultures on agar were alive a]ld subcultured success-
fully after 19 months under mineral oil.

8.11 CoRBErr, D. C. M. & Wrnr, R. M. (1970) Plant and soil oematode
population changes in wheat growD coDtinuously in ploughed and in
unploughed soil. Aan. appl. Biol- 6,32'l-335.

Few migratory plant parasitic nematodes increas€d more in the soil under
cereals drilled in unploughed land sprayed with weed killer than under crops
drilled after ploughing, but some non-parasitic nematodes did, Spraying a
mixtue of potent ins€cticides on lhe soil before drilling did not affect popula-
tions of nematodes in the soil.

8.12 EvaNs, K. (1969) Apparatus for measuring oematode movement.
Nenutologica 15, 431-435.

A simple and easy-to-use apparatus for measuring nematode movement is
described. The apparatus consists of polythene rings ass€mbled inside a glass
tube coutaitring moist sand. Moisture cont€ot of the sand and temperature are
easily controlled, and this apparatus was usod to investigate movemeot of
Heteroderu rostochiensis malcs and their respons€s to females. H- rostochiensis
fernales s€clete a chemical that both activates and attracts males of this but not
of other sp€cies.

8.13 EvANs, K. (1969) Changes it a Eeterodera rostochiensis population
through the gowitrg season. lr,rr. appl. Biol.64,3141.

Changes in the numbers of all stages of Heterodera rostochiensis in plants and
soil were studied in a potato crop growing oo infested land. Hatching and
invasion occurred early in the season, wheo plants were young and tempera-
tures b€low those necessary for hatchiog and iDvasion in Long Island, U.S.A.
More larvae hatchcd from cysts near to than away from potato roots. Males were
abundant during June and July, when fertilisation p.obably occurs. MaDy new
cysts appeared during late June and early July. In May[une, there were many
larvae in the roots of young plants but later there were few; a slight increase
during August probably indicated a small second generation, The larvae for this
second invasion may have come from the most recently formed cysts, which
may have boen stimulated to hatch either by root exudates or by substaoces
from other soil organisms.

8.14 FRALxr-rN, M. T. (1969) Heterodera latipons D. sp., a ceroal cyst-nema-
tode from the Mediterranean regio Nerrwtologica 15,535-542.

E. latipons, found on wheat and barley in Israel and Tripoli, can also infest
oats and rye. The cysts and larvae differ morphologically from those of IL
avenae,lhe cercal cyst-Dematode co[unonly found in Europe.
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8.15 GR.EEN, C. D. & PLUMB, S. C. (1970) The interrelationships of some
Heterodera spp. indicated by the specificity of the male attractants
emitted by theA females. Nematologicq 16,39-4-

The attractiveness of the secretions from females of te\ Heterodera spq. to
males of the same and of the other species sugggsts the divisioD of the genus
into at feast three sub-groups: (l') . schachtii, H. glycincs aad. E. ,tifolii;
(2) E- carotae, E. cruciferae ar,d H. goettingiata: (3) H. rostochieNis, E.
mexicqna, H. tqbaccum and. possibly II. ayenae- Females of species within thes€
groups always attract males within the same group aod the itrteractions betwe€n
groups can be explained only by postulating at least six distinct attractive sub.
stances. Possibly females of anc€stral forms s€qeted a wide range of attractants
and their males responded to all of them. Decreases in the Dumber of atkactants
secreled by the females, or in the number to which the male responds, indicate
increasing specialisation. Females of one species could be attraclive to malcs of
another in a different group evetr though females of the latter species did not
attract males of the former.

8.16 KYRou, N. C. (1969) Tylerchorhynchus dubiur (Bitschi, 1873) Filipjev;
1936: a.n injurious root ectoparasite of potato€s? Eur. Potato J. 12,
2lt2ta-

Observations oD a fietd trial at Wobum done to study the effects on E. rosto-
crr'erJr'J populations of growing susc€ptible and resistaDt potato varieties, sug-
g€sted that the root ectoparasite Tylenchorhyrchus dubius was inportaot. When
differeot numbers of this Dematode were added to potted potato plants, the
nematodes had multiplied after l0 weeks and potatoes grew less well in propor-
tion to the numbers of 7. dubius added,. Fumigation decreased the number of
Tylenchorhrrtchus, which were more nunerous after ley and luceme than after
arable crops. Brief irrigation and the plalting of varieties differing in the r6is-
tance to the cyst e€lworm had no effect on Dernatode numbers of Tyleachor-
hynchus-

E.l1 Ross, G- J. S. & TRuD6u-L, D. L. (1969) The effect of population
density on the sex ratio of Heterodera rostochiensis: a two{imensional

'nodel. 
Nemato@ica 15, @l-607.

A model was based on the hypoth€sis that lhe second stage larvae of 1L roJrc.
chiet$is a$iye at their feeding sites within th€ host plant roots at mndom, aDd
become female only when they have room to produc€ a large eno4h group of
giaot c€lls. The circumfereoce of the stele of 1 cm of root was represented as a
rectangle in which larvae formed groups of giant c€lls at random. The size of
the giant-c€ll group that a larva needed to become a fernale was changed in
diflerent tosts. A larva arriving in an unocaupied spac€ large enough to accommo-
date such a gtroup was designated female, whereas one whos€ giant cells oyor-
lapped one or more already present was designated male. Results calculated
from the model agreed reasonably with those from experiments. To simpliff
the relationship b€tween population density and the number of females produced,
an exponeniial curve was fitted to the results.

6.18 CfDrM, R. W.) & FRANKUN, M. T. (1969) Two marine species of
Aphelenchoides. Nematologica 15, 370-31 5.

The fust species of Aphelenchoides to be described from marine habitats are
A- gynotylurus from the Bay of Bengal aD,d A. marinus from Biscayne Bay,
Florida. They have thc morphological characters typical of the genus, with
specific differences in the shap€s of the tails and male spicules.
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8.19 TRUDctr-L, D. L. (1970) Survival of di.ffereDt stages of Eeteroderd
rostochiensis at high temp€ratures. Nematologica 16' 5499.

When potato plants iDfested with 1L rostochiensis werc kept for 24 or 96 hours
at temp€ratures abve the optimum for the eelwor& fewer of the larvae b€came

adult as the tempetature inqeas€d aod as the age of the larvae increased. The
most sensitive stage was the late fourth or early fifth stage male, and 26'C for
24 hours signmcantly decreased the number that b€came adult. Heat se€rned oot
to influence sex determination.

8.2n TRUDGII, D. L. & PARRorr, D. M. (1969) The behaYiour of nine
populations of the potato cyst-nematode Eeterodera rcstochiensis WolL
towards tbree resistant potato hybrids. Nenatologica 15,381-388.

Tfuee hybrid potato varieties incorporating resistant genes from Solanum

tuberosum s.sp. andigena, or S. ,nultidissectum, or both, and the susceptible

variety, Alrao BaDner, were inoculated with larvae from uine populations of
Hereroderd rostochiergls. The numbers of larvae that invaded and b€came adult
itr the roots depended on both the host aod the population used. There were

tbree maitr types of behaviour: (l) most larvae survived and many mal€s and
females were producrd; (2) most larvae survived, but most b€€ame male and
few became female; (3) many laryae died, almost all the survivors became male
and only a very few became female. These differences were probably determircd
by the size of the giant-cell goups the larvae werc able to induce in the potato
roots.

8.21 wLLrAMs, T. D. (1969) The effects of formalin, nabam, irrigatioo aDd
niJrogen on lleterodera atenae Woll., Aphiobolus graminis Saca. and the
gxowth of spring wh@1. A\n. appl- Biol. G,325134.

In 1964, nabam (sodium ethylene bisdithiocarbamate), water and tfuee amounts
of nitrogen fertiliser were applied to spring whoat on soil treated and urtreated
with formalin. The expe ment lasted for 3 yeals during which thete were eight
differont formalin, Do-fonnalin sequences. The nabam and irrigation treatments
were discontinued when it was found they did not affect the prircipal pathogens
preseot, the cereal cyst-nematode, Ilelerodero aveMe, arj.d the take-all fungus,
Ophiobolus graminis. Formalin increased gain and straw yields in the year when
it was applied brut H. qvenae populatiors increased arld advers€ly affected the
succeediog crop. Formalin controlled O. graminis in the year it was applied
except on land treated for the fust time in t966. H. avetae semed to be the main
check to gowth until about Juoe, and O. yaminis later. At the end of the
experiment, total graiD yields and populations of II. avenae were Sreatest in the
plots treated with forrnalil each year and teast in those never treated with
formalin. Yield loss from either O. graminis ot H- avenae alone could not be
assessed because formalin usually controlled both during the season in which
it was applied aod both were present in untreated plots. A doubling of total
grain yield over 3 years was accompanied by an eightfold increastr- ia H. avenae

in sequenc€s of continuous formalin or formalin 1964 and 1965, whereas yield
increases caus€d by extra nitrogen were not accompanied by such an inqease io
E. averae. This suggests that formalin may affect E. aven^e through factors
other than increased plant size and vigour, which in themselves would tend to
encourage larger Dematode populatioDs. Without formalio treatmetrt, H. avenae
populations either decreased or failed to increase.
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8.22 YEArEs, G. W. (1970) The diversity of soil trematode fa\Das. pedo-
biologia lO, lO4-lO7 .

To indicate lhe relative importance of the species of soil n€matodes, it is sug-
gested they be listed in order of d€qeasing abundaqce, and that the total number
of species, the fewest sp€cies required to comprise 75y" of the fauna and the
number of species comprisiDg at least 2i4 of tl:a fauna be noted. Five faunas
from the Orkn€y Islatrds are pros€nted in this way, The 36 nerBtode faums from
natural or near natural terestrial habitats analysed contain at averuge of 24
spccies! of which six are rcquircd to comprise 151 a , nirc species comprise
at least 2% ofthe fauna.

8-23 YEATES, G. W. (1969) Two terrestrial nematodes from McMurdo Sound
Region, Antarctica, with a note on Araplectus arenicola Killtck, 196/..
.1. Eelminrh. /(l. (In the press.)

Plectus munai n. sp. is distinguished from other species by possessilg 12 lips;
stoma, amphid and €xcretory system are 'plectoid' rath€r than 'atraplectoid'.
Eudorylaimus antarcticua (Steiner, l9lo n. comb. is proposed for Dotylaimu!
antarcticus, Steiner 1916 aud the sp€cies is re-describ€d. Both sp€cies were
collected from moss€s from the McMurdo Sound RegioD, Antarctica. Aleplec,us
arenicola Killick, 1954, has oDIy six lips; stoma and excretory system are 'ana-
plectoid'.

E.24 YEArEs, G. W. (1970) Four Dorylaimina (Nematoda) ftom Wicken Feo,
Cambridgeshire. Nenutologica 16. (In the press.)

Thornenema wickeni n. sp., has labial cuticularisations, very promineut postlabial
cuticularisations, a lip region distinctly narower than adjacent body and a spcar
about twice as long as lip region is wide. Females of Erdorylaimts rhopalocercus
(de MaD, 1876) Andr6ssy, 1959, are d€scribed. Tylencholairuu feai n. sp. is clos€st
to T. coronatusTl\orie, 1939, but is readily distinguished by its unsclerotis€d labial
disc and the pr€vulval sac behg two rather thau one body width loDlg. Dory-
laimellut globatus t. sp., collected from Wickcn Fen, Redgrave Fe!" RotharDsted
and Orkney Island, is characterised by anucleate globules at the froot of the
o€sophageal bulb, in both living and dead sp€cimens; it resembles D. irginiatas
Cobb, 1913, atd D. demani Goodey, 1963. Specimens of Boledorus thylactus
Thoroe, 1941, from Wicken Fen had a relatively longer tail than previously
recorded,

8.25 YEATES, G, W. (1970) Failure of Eeterodera catoroc, H. cruciferae, a\d
It. goettingiana lo ilJ,terbref,/.. Nenatowicq 16 I 53-l 54

Although If, carot(E, II. cnrciferae ald H. goettwioa wm to be related sero-
logically and the females attract each other's males, they did not interbreed when
single male-ferEle cross€s were attempted l,l yrJlo.

8.26 YEArEs, G. W. (1970) The oesophago-intostinal junctiotr iu the Dory-
laimoidea (Nematoda). J. nat- Hist- 4- (Io the press.)

The o€sophagcitrtestinal jur0ction of 58 sp€cies of Dorytaimoidea (ser6u Goodey,
1963) are illustrated from whole mounts aDd eight from sectioDs, In the Dory-
laimidae the oesophago-iotestinal valve fits into the base of the o€sophagus, has
a Darrow lumen and its posterior esd has a non-perforate, non-muscular sheath
in tho intestine. Seven basic patterns of junction are propos€d: dorylaimid;
leptonchid (valve lumen wider, no sheath); longidorid (valve reduc€d); belon-
dirid (valve lumen wide, no sheath); oygolaimid (three o€sophago-intestinal
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glatrds); aporc€laimid (o€sophago-intestinal disc, sheath sometimes preseDt;

actinolaimid (basal o€sophageal shield, sheath sometimes present). Changps
from the dorylaimid junction are coEelated with faclots such as presence of an
oesophagpal sheath or shorteniDg of the oesophagsal bulb.

Insecticides alrd Fugicides Deprrtmetrt

GENERAL PAPERS

9.1 Eluorr, M. (1969) Structural requirements for pyrethrin-like activitv.
Chemy lad.776-181-

9-2 NEEDHAM, P. H. & SrElENsoN, J. H. 0969) Boe poisoning in 1968.

Bee llorld * (l),7.

9.3 SrEvENsoN, J. H. (1%9) Laboratory and field ass€ssmeEt of p€sticide
poisoniug of hoDeybe€s (Apit mellifera)- Proceediws of ,he sth Btitish
Insecticide atd fingicide Conferedce, 1969 3,37V385-

9.4 SAwrcKr, R. M. (1969) Some problems of monitoring for rEsistance.
Proceedings of the 5th British lNecticide and Fungicide Conference, 1969,
3,635-@.

RTSEARcH PAPERS

9.5 ARNoLD, A. J. (1969) Radial outflow turbine for volumetric sporetraps.
Iab- Pract. 18, 1067-1073.

The many advantages of this type of unit over the positive displacement pump
normally used for this typ€ of service include small initial cost, easy maintenance,
quiet operation and small power coDsumption. The elimination of the shaft s€als
in the spore trap and pump, and of rubbing surfaces, improve op€ration and
reliability. The stable air flow of the turbine makes the critical orificr un r€cessary.
This is an advantage in poluted atmospheres where fouling of the ori6c€ caD
diminish air flow from l0 litres per minute to almost zero in a few hours.

9.6 ARNoLD, A. ,. (1970) Ar oscillating insect barier. Arn. qppl. Biol.
(In the press.)

A wide range of insects can be confined on the horizoDtal surface of areas
surrounded by oscilating rings or chambers. The ability to retai[ insects otr a
selected surface may be useful ir the bioassay of insecticides using residual film
and other techniqu€s, by diminishing the amount of aDaesthesia required and
any uDwanted fumigiant effects.

9.7 BeNxs, C. J. & Mrcrunv, E. D. M. (1970) Effects of varying the
host plaDt and environmental conditioDs on t}le feeding and reproduction
of Aphis labae (kop.). Ent. exp. appl (n the press.)

The reproduction of apterous virginoparae of A- labae on fold beans is primarily
controlled by nutrition of both the larvae and adults. The kind of host plant and
the lightitrg conditioos under which it is gxown affect the aphid's fecundity and
reproductive rate. PlaDts grown under mercury fluorescent lamps apparently
provide the aphids with better or more nutrieBts of the right kind so that they
reproducc better than aphids tiving on plants grown in daylight in glass hous€s.

Nutrition during larval life also affects the early reproductiye rate and fecundity
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of the aphids. Some aphids that developed faster thaD others had a greater repro-
ductive rate in early adult life than slow developers. Fa^st developers were
heavier and larger but did not contain more embryos than slow devitopers as
adults aDd probably received a more nutritious food supply during their larval
lives.

9.8 (BRAMWELL, A. F., CRoIiBE, L., HErrrslJy, p., PAr-TENDEN, G.), ELUot-r
M. & JaNEs, N. F. (1969) Nuc€ar magnetic resonanc€ spectra of the
natural pyrethrins and related compounds. Tetrahedron 2i, ljZT_1741.

Th€ NMR sp€ctra of the natural pyreth.riDs, alletfuin, and th€ alcohols and
acids from which these esters are separately consttuted are prE6€nted and
discussed.

9.9 CALAM, D. H. (1969) Species and sex-specific compounds from the
heads of male bumblebees (Born .rJ spp.). Nature, Iond.2Zl, g56_g57.

The major componeuts ofextracts from heads offive species of male bumblebees
were ideEtified aEd shown to be sex and sp€cies-sp€cifrc. It is thought that bees
may use these compounds to mark out their territory.

9.lO CALAM, D. H. & Scor, c. C. (1969) The scent gland cornplex of the
adult cotton staitrer bug, Dysdercus iatemcdius. J. Iisect i,hy$iol, 15,
1695-1702.

The main components of the reservoir coDtents of the paired ventral metathoracic
glands of adult Dysdercus internedius are hex-2-€n-1-al, oct-2-en-l-al, togpther
with octanal, a mouoterpeDo hydrocarbon CroHro, and acetaldehydo. Traces of
two other compoutrds are ofteo present. Water was idcntified bui is considered
to b€ au artifact. Material from females and from males is largely the same and
is thought to function as a defensive secretion. It is les comilex and more
volatile than the defensive secretion from the posterior aMominal gland of
fifth instar larvae. An explanation for this is discussed.

Contrary to preyious ideas, adults also possess tfuee dorsal aMominal glands,
corresponding to those preseDt in larvae. The ant€rior two seem to be funitional
but the posterior one, associated with def€nce iu the Iarvae, is not.

9.11 (EAsrop, V. F.) & BANKS, C. J. (1970) A suspected iDsecticide resistaoce
mechanism iB the peach-potato apbid' Nature, Lond. (In the pr€ss.)

Winged forms of resistant populations of the peach-potat o aplid, Myzus
persicae (Sulzer), haye b€tter developed lateral abdomfural tubercles oo segmeots
2 and 4 thaa susceptible populatioDs. As their siphunculi are concrmed with
wax s€qetion atrd there is circumstaotiat evidetrce that this is also true of the
aMominal tubercles, it is proposed that resistance in the populations studied
reflects tho increased rate these organs excrete the iGecticid; in association with
wax or lipid.

9-12 El-lrorr, M., Ja].Es, N. F. & JErFs, K. A. (l%9) CondeEsation of
ketones with dimethyl dimethylmaleate. A synthesis of callthrone.
J. Chem. Soc. (C) 1845-1847.

Condeqsation of 4-methylpentan-2-one with dimethyl dimethylmaleate by useof sodium hydride gives calythrone (2-isovaleryl-4,5{.imethykyclopenteoe-

1,3,-diop) _(ga 5iC but the main product is an ester, shown to be methyl
4-isovaleryl-2-methyl-3-oxycyclopeqtanecarboxylate and not as previousiy
suggested, Reactions with acetone aod ac€tophenone give only the corres-
pooding cyclopsntanone derivatives.
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9,13 ELuoE, M., JANES, N. F., JEFrs, K. A, (CRoi,aE, L., Gour-D, R. &
PA'I-TENDEN, G.) 0969) Oxidative dimerization of 2-Alkenyl-2-cyclo.
pentene-1,+diones by manganese dtoxide. Tetrahedrci Letters ?5,
373-3'14.

Alletholone aod pyrethrolone are oxidised smoothly by mangaDes,e dioxide in
carbon tetrachloride to the coresponding cyclopentenediones. A minor product
of the reaction, shown to have a dimeric structure, is formed by oxidative coup
lirg of the side-chains.

9.14 Eu-rorr, M., NEEDHAM, P. H. & PorrER, C. 0969) Ins€cticidal activity
of pyrethrins and related compounds. IL Relative toxicity of esterc
from optical and geometrical isomers of chrysanthemic, pyrethric and
related acids and optical isomers of cineroloDe and allethrolone. J.
Sci. Fd furic.2O, 561-565.

The relative toxicities of esters related to the natural pyrethdns and to allethrin
were evaluated agai$t Phaedon cochleariae (mustard beede), Tenebrio molitor
(yellow mealworm betb'), Dysdercus fasciatus (collon slainet) and Plutella
maculipewis (diamond-back moth) aod the results compared with those of
workam who us€d Mrsca domestica Qrorxefiy)-

With the ins€ct species used here there were no oulstanding reversals of the
toxicity ratings established in the studies wilh M- donestica. However, the
toxicitics of the ester depended more on the nature of the alcohol when two
acids were compared and on the acid compoDent with differeut alcohols.
(+)-Alletholone and (*)-cinerolone gave more toxic esters than their optical
isomers but there was less differcnce than had been found with other ins€ct
species b€tween esters from ,razs- and cisrhrysanthemic acids.

9.t5 En{ERTDGE, P. & cRnHAM-BRycE, I. J. (1970) IDiuence of soil moisture
oD the performance of granular systemic ins€€ticides applied to soil,
Ann. appl. Biol- 6. 1513.

Control of aphids by the four systemic insecticides, dimethoate, disulfotoD,
menazon and phorate, applied as granul€s below se€d potatoes at planting was
investigated under differeot soil moisture conditions. Results confirmed previous
conclusioDs that dimethoate and menazon are more effwtive in wet than in dry
soils, whereas disulfoton aod phorate are equally effective in both. However,
even with dimethoate and meDazon eflects of moisture were small and were
probably the result of several different interacting factors,

9.16 EVELTNG, D. w' 0969) Efrects of sprayiog plants with suspensions of
inert dusts. Ann. appl. Biol. A, 139-151.

An examination of possible harmful effects to plants caus€d by spraying leaves
with inert dust suspensions showe.d that Stockalite (kaolin), talc, silica or
Tiona W.D. (titauium oxide), susp€ndcd in water and sprayed on excised leaves
of three species, significandy (P > 0 05) iDcreased water loss and penetration of
gaseous atrunooia; these increas€s were not caus€d by soluble chemicals io the
sprays, but dep€nded on intimate contact of the dust particles with the epidermis.
With a given dust, epidormal p€rmeability increas€d with incr€sing conc€ntra-
tiolr atrd with decreasing size of particles. The increased permeability persisted
for at least 4 weeks ard was unaltered by partial removal of deposits; deposits
on bean leaves caused more visible damage in dry than in humid air. Water

,l0r
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losses from sprayed adaxial and abaxial leaf surfacts were similar, but more was
lost when deposits dried on turgid leaves than when they dried on flaccid oDes.

Spraying potted Coleas plants with Stockalite suspension increased transpira-
tion and, in one test, decreased the fresh weight of the Colea.r shoots.

9.17 GRAHAM-BRYCE, I. J. (1969) Difrrsion of organophosphorus insecti-
cides in soils. J. Sci. Fd Agric- 20, 489494.

Diffusion of disulfoton and dimethoate at different concentratroos was studied
in a silt loam soil containing diflerent amounts of moisture. Apparent diffusion
coefficients were calculated from the distribution of insecticide in a column of
soil after diffusion from one half of the colurnn to the other for a known time.
The distribution was determined by slicing the column into narrow s€ctions
using a specially constructed diffusion cylinder. Diffusion coemcients of either
insecticidc changed little with conc€nEation, but for dimethoate they increased
rapidly with increasing moisture content, from 3'31 x l0 8 cm2/sec at l0%
volunetric moisture content to l.4l x l0 6 cmz/sec at 43% moisture content.
In contrast, for disulfoton, which is more volatile, less soluble and more strongly
sorH than dimethoate, diffusion coemcieDts were smaller (2'83 x l0-8 cm2/sec
at 4l % moisture contetrt) and changed little as the soil b€came drier
Q'74 x 10 8 cm2/sec at 8 % moisture content). Tho influenc€ of partition betw€en
solid, solution and vapour phases in the soil, and of the gEometry of the pathway
tbrough the soil pores on the apparent diffusion coemcient, are discussed. The
likely behaviour of other pesticides is considered in the light of lhe results.

9.18 GRErrHs, D. C. (1969) Some laboratory tests of feeding detenetrts
and baits against wireworms (Agtiotes spp.). Proceedings of the 5th
Btitish lnsecricide and Frmgicide Conference, 1969 3,398-/04a.

Filter paper discs soaked in nutrieot solution containing lO'% glttcose:t7"
p€ptone : l'8% triolein were bitten more often by wireworms than discs soaked
in larger concentrations of glucose, peptone or triolein alone; omitting one
compoDent from the mixture could not be compelsated for by doublitrg the
amount of either of the others. Small discs dipped in a thick suspeNion of
glucos€, p€ptone aod triolein and ptaced in tins of soil were found and biften by
wireworms, but discs lost their attractiveness in a few days. More work is needed
to iDcrease the persistence of food baits and to choose the insecticide they should
coutain, before tests can be dotre iD the field.

Wireworms were deterred from biting nutrient discs treated with some
commercial insect rep€llents or feeding deterreots. Thre€ of thes€, MGK 874
(2-(octlthio) ethanol), DEET (N,N-diethyl-rz{oluamide) aod Cyanamid 2,055
(4'(Dimethyltriazeno) acetanilide), were applied to soil at 100 ppm to weight of
soil, but did not affect the wireworrns. Applied to s€€d, MGK 874 aud Cyanamid
24055 protected some germinating plants of Cappelle wheat from attack by
wireworms during early but not during later plant gxowth.

9.19 cRrFFrHs, D. C., Scorr, G. C., l-orrv, J. R. & (RoBERrs, P. F.) (1969)
Laboratory aDd field tests in 196fu7 on chemical control of wireworms
(Agriotes spp-). Ann. appl. Biol., 64,2l-29.

Of 16 compounds applied to soil in laboratory tests, azinphos€thyl, P2188
(O,O-diethyl S-chloromethyl phosphorothiolothionate), 'Dusban' (O,Odiethyl
O-3,5,Gtrichloro-2-pyridyl phosphorothionate), P1973 (.i-(-N-methoxycarbonyl-
if-methylcarbamoylmethyl) dimethyl phosphorothiolothionate), 877488
(O,O-diethylphosphorothioate O-ester with phenylglyoxylonitrile oxime) aod
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R42211 (O,Odiethyl O{2-diethylaminocmethylpyrimidin+yl) phosphoro-
thioate) killed wteworms whe! first tested, but in second tests with the same soils
only'Dursbaa', P2188 and 877,188 did so. Troating seeds with'Dyfonate'
(O€thyt .t-phenyl ethyl phosphonodithioate) or with ethioo/rBHc mixturEs
killed few wireworms,

Thrc€ 6eld trials compared the o4anophosphorus iosecticides 'Dusban',
'Dyfonatc' and phorate with organochlorine standards, In trials with barley
and potatoes the standard was 3 lb a.i./acre (3'36 kg/ha) of aldrin. The organo-
phosphorus compounds increased plant stands of barley almost a^s much as did
aldrin, although they killed fewer wireworms; they protected fewer potato
tubers from wireworm damage. The third trial comparcd the organophosphorus
compounds with 0,5 lb a.i./acre (0.56 kg,/ha) 7-BHC sprayed otr a site ddlled with
sugar beot se€d dressed with dieldrin, The 7-BHC increased plant stands almost
as much as did 3 Ib a.i./acre of the organophosphorus ins€cticides, and killed as
many wireworms.

9.2O Gxrrrmrs, D. C., Scorr, C. C., (MASKELL, F. E. & RoBBRTS, P. F.)
(1969). Trials of organophosphorus and carbamate seed dr€ssings
agaiDst wheat b.d,b ly Leptohylenyia coarctard n 1966-68. Pl. Path.
t8, 3+3'1.

S€ed dressings of org,anophosphorus and carbamate ins€cticides, at O'11 and
O,5l act|e ingredient to weight of seed, were compared with heptachlor and
ethion standarG for control of wheat bulb fly duriog 196fu8. Short rows of
treated s€eds were sown in autumn on sites infested with wheat bulb fly eggs, and
sample plants were examiDed in spring. The effective new materials, judged by
the percentage of damaged shoots and the percentage of plants containing live
larvae, were R42211 (O,O-diethyl O-(2-diethylamino-Gmethyl-pyrimidin-4-yl)
phosphorothioate), 877,188 (O,O-dielhyl phosphorothioate O-ester with phenyl-
glyoxylonitrile oxime), 880833 (O-methyl O-3,4dichlorophenyl methyl phos-
phonothionate), 'Dwsban' (O,Odiethyl O-3,5,6tichloro-2-pyridyl phosphoro-
thioate) and bromophos-ethyl. However, both doses of 'Dursban' and bromo-
phos-ethyl, and the larger dose of 880833 damaged young seedlings. There was
only slight damage with the large dos€ of B77zE8 and rone with R4221l, so
these two compounds were the most promising new materials tested.

9.21 fIENDf,RSoN, I. (1970) The fumig,ant effect of metaldehyde on slugs.
Am. appl. Eiol (In the press.)

The fumigant effect of metaldehyde oo slugs was confirmed in laboratory tests
with Agtiolinax reticalarzs (Miiller) and ,{riot ho ensis Fetuslr€:c, and shown to
be most probably from the release of acetaldehyde vapour. The lethal concetrtra-
tion of acetaldehyde vapour for these species is given.

9.22 (HorrMANN, H. M. R.) & JAI{ES, N. F. (1969) Allyfurans. J. Chem.
Soc. (C), 145G1458.

Allylic iodides re3ct with silver trichloroac&tate in the presence of furans to form
allylfurans in up to ,lofi yield in a general reaction. In contrast prop-2-ynyl
iodide gave methyl 5-prop-2.ynyl-3-furoate (9) from methyl 3-furoate (l) in
ca- l)( yield. A hydroxymethyl group attached to C-3 favours suhtitution at
C-2 rather than C-5, whereas a methoxycarbonyl gxoup exerts the reverse orienta-
tional effect.

q3
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9,23 JANrs, N. F. (1969) Nuclear-magnetic-resorvrnc€ sp€ctrum ofa sulphone
derivative of chlorog€noquinone. Biochem. J.I12, 609. (Appendix to
a pap€r by W. S. Pierpoint, ibid., p. 567.)

The NMR spectrum of one of the oxidation products isolated is analysed, and
used to show its structure.

9-24 LEwrs, J. B. (1969) Detoxification of diazinon by subcellular fractions
of diaziron-resistant and susceptible hou seflies. Nature, Lond. ?JA,9lj.

Six strains of housefly were us€d to s€e whether the geDetics of their resistance
to organophosphorus compounds was rclated to their ability to detoxify these
insecticides. Subcellular fractions decomposed diazinon and diazoxon by several
mechanisms, of which one in the microsomes was corunon to all strains. Two
other mechanisms, one soluble and another in the microsomes, were associated
with resistanc€ factors on chromosomes II and V, respectively.

9-25 LEwr, J. B. & LoRD, K. A. (1969) Merabolism of some organo-
phosphorus insecticides by strains of housefly. Proceedings of the sth
Btilish h\ecticide and fingicide Conference, 1 9,2,465471.

Attempts to relate the genetics of the resistatrce of hous€flies to organophos-
phorus compounds to their detoxificatioD of thes€ insecticides with whole flies
gave inconclusive results, but subcellular fractions decomposed diazinoD,
diazoxon and ethyl chlorthion by sevenl mechaoisms. One mechanism was
common to al[ straiDs, and two others, one soluble and another in the micro-
somes, depended on sp€cific genetic factors on chromosomes II and V. The efrect
of the sEergists s€samex and S,S,Stributylphosphorotrithionate oo thes€
mechanisms partly explains their effect on toxicity to the diflerent strains.

9.26 McINrosH, A. H. (1969) Soil-treatments for control of polato tuber-
bligl'tt- Eut. Potato J. 12,2lgJll.

In eight field trials in 1965-68, single applications of various formulations of t4
fungicides to the soil ridges during tho growing s€ason nearly always failed to
control potato tuber -bli9ht (Phytophthorc,'zrrrarJ). Single sprayings of the lower
parts of the stems only, or of the tops of the haulms in the conveDtioDal way,
were no more succ€ssful. Spraying the ridges with skin-forming materials, with
the aim of preventing spores from eDtering the soil, seemed to favour tuber
infection.

9.27 McINrosH, A. H., EVELTNG, D. W. & (MELVTLLE, S. C.) 0969) Effect
of paramtr wax on field control of potato blight by copper oxychloride.
Pl- Path. 18, 187-l9l-

A formulation of copper oxychloride, cotrtainiog emulsmed paraffn wax, was
compared with a commercial wettable powder in conveotional field spraying
trials for aontrol of potato blight (Phytophthora rh/esrars). Spraying with the
wax formulation usually gave a signifrcant increase in yield under conditions
where the wettable powder did Dot. However, differeDces in copp€r residues on
the foliage, and in conkol of blight, were slight. The wax may oflset the effects
of damage done to the plants by the copper oxychloride.

9.28 PHrLups, F. T. (1969) A small laboratory apparatus for measuring
accelerated loss rates of pesticide deposits by 'rail,nwNhng'. Chemy
Ind. 414415.

A small apparatus, simply constructed from glass and 'Persp€x', with a movitrg
jet powered by a srnall ele€tric motor, is used to 'minwash' insecticide deposits
from various surfaces. Fractions are continually collected over timed periods.
q4
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Reproducible results, obtained from two different DDT formulations on both
glass aDd leaf surfacls, are described. Double exponential curves of the typ€,
y : Ae-kt + Be-l', can b€ fitted to the results.

9.29 SAwrcKr, R. M. & FARNruu, A. Vr'. (1970) Examination of the isolated
autosomes of the SKA strain of house-flies (Mzsca domestical.\ for r*is'
tance to several iDsecticides with and without pretreatmeot with sesamex

and TBTP. Bull. ent. Res. (In the press.)

The factors of resistanc€ to maoy insecticides were located and isolated in a
homozygous condition from the diazinon-rlected SKA strain of house-flies
(Musca dome$tica L.) by inbreeding each of the five autosomes of the SKA
strain into a susceptible multi-marker strain ac; ar; bttb; ocra SRS. The insecti-
cides were: DDT, methoxychlor, tri-butyl tin, the methoxy and ethoxy analogues

of parathion, chlorthion and malathion and their corresponding phosphates,

diazinon and diazoxon.
The SKA flies' autosomes had the following factors of resistance: autosome I-

very slight resistaoce to ethyl-chlorthion; autosome ll-gene a for low ali
esterase activity which confered weak to moderate resistanc€ against all orgaDo-
phosphates tested, and ,er, @DT-dehydrochlorinase) which gave great resis-

tance to DDT, but nono against methoxychlor; autosome UI-Pei, which
delayed knockdown by slowing the entry of insecticides into the flies aDd had
a negligible effect at death except agai.ost tributyl tin and methoxychlor, and a
factor of resistance to Z@lran unaffected by sesamex; autosome Iv-D/4 the
major factor of resistance to dieldrin; autosome V-seJ, a sesamex-suppress€d
factor, which gave weak to moderate resistance against ethyl-malaoxon, dia-
zoxon, diazinon, DDT and methoxychlor, but was ineffective against the other
org,anophosphates tested.

TBTP (S,S,S tri-buryl phosphorotrithionate), an ali€sterase inhibitor, greatly
synergis€d organophosphates only agaiDst insects !r'ith gpne a. Pretreatment with
sesamex, ao iDhibitor of microsomal activity, elicited two types of response:
antagonism with most of the thioates, most pronounced in flies with gene a,
aod synergism with the phosphates, especially evident with flies with factor Ser.
The possible reasons for differences in the response to organophosphates
aflor pre-treatmetrt with TBTP or sesamex, and the nature of the resistance
factors, are discuss€d. Strong resistanc€ in SKA flies against organophosphates
arises though the interaction of r€sistance factors that singly give only weak
to moderate resistance.

9.30 SAwrcK, R. M. & LoRD, K. A. (1970) Some properties of a mechanism
delayitrg penetration of insecticide into hous€-flies. Pesticide Science,
1. (In the press.)

The penetratiou of ins€cticides into houseflies with and without the penetration
delaying factor was studied by measuring the amounts of the insecticides on
the surface of the flies at intervals after treatment.

The factor delaying penetration slowed the entry of all the insecticides tested,
but its effect depended on the dose, and was small with large doses Qo pelfly).
Penetration in all strains, susceptible and resistaot, increas€d but trot propor-
tionally to the size of the dose, The rate the insecticides wore lost from the surface
slowed with time. It was larger ir males than females, aod was always greater in
flies without the p€oetration factor,

with all strains rate ofloss from the surface was least with dieldrin. Diazinon,
parathion and chlorthioq ethyl were lost at about the same rate; diazoxon
penetrated fastest.
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10.12 TAyLoR, L. R. & FRxNcH, R. A. (1970) RothaEsted Insect Survey.
Rep. Rothansted exp. Stn fot 1969, Part 2, 168-f85.

Tables are given of 4-week totals of 34 species, or goups, of aphids of economic
or other inter€st in survey suction traps at ll sites in Wales, Scotland, England
and HollaDd from 23 Aprit to 4 November 1969. One-year lotals of 26 species
of moths of economic furterest iu Rothamsted light traps at 28 sites in Wales,
Scotland and Englaud for 1967 and in 47 sites for 1968 arc also tabulated.

RESEARCH PAPERS

10.13 BANxs, C. J. & MACAULAY, E. D. M. (1970) Effects of varyiog the
host plant and eovironmental conditioos on the feeding alrd reproduction
of Aphis fabae (*op.). Ent. exp. appL Qn the press.)
(For summary see No. 9.7).
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10.14 BARDNER, R., (MASKILL, F. E.) & Ross' G. J. S' (1970) Measurements

of iufestations-of wheat Bulb fly, Izptohylemyia coarcta,a (Fall') a\d
their relationship with vield. Pl. Path. (In the press.)

In experimeots done io eastem Eogland from 1957-66 lo control Wheat Bulb

fly in'winter wheat (Cappelle), up to 70% ofthe vadation in yield was accounted

for by regressioDs of yield on density of plants and larvae and on plant develop-

metrt' as-measued during March. The possibility of using such measuremetrts

to forecast crop yield is discussed.

10.15 BARDNER, R., FLETCHER, K. E. & HusroN, P. (1969) Recent work on
Wheat Bulb fly. Proceedings of the 5th Btitish lltecticide and Fungicide

Conle re nce. I 969, 2, s@-S@.

Plants of Capp€lle wheat attacked by Wheat Bulb fly larvae glew more slowly

and had fewJshoots and eaIs than unattacked plants. Attacked plaDts that died

were kitled directly by larvae, Dot by competition with unattack€d plants' ODly

unattacked plants showed comp€nsatory growth and in late-sown -clops the

numbers of ears/undamaged plant was negatively correlated with the density

of the plant population surviving attack'

10.16 BARDNER, R. & TAYLoR, W. E. 0970) Effeds of flea be€tles on the
yield of radish. Entornologia exp. aPpl. (In the prcss.)

The yield of dry matter of radish attacked by adult flea beetles in the field was

negaiively and iinearly related to the rumber of feeding lesions/unit area of leaf,

when both sets of values were traosformed logarithmically.

10.17 (BEyr.roN, K. I., EDwaRDs, M, J.), THoMPsoN, A- R' & EDWARDS, C. A.
(1970) Persistenc€ of chlodenvinphos (diethyl l{2,'tdichlorophenyl}
2-chlorovitryl phosphate) in natural watels- Pesticide Science 1. (ll
the press.)

Chlorfendnphos EC was sprayed on to the surface of a pond as a dilute emulsi-
fiable conc€Dtrate so that the total water contained the ins€cticide at a conceotra-
tion of 6.1 ppm. This decreas€d to 2'0 ppm after 5 hours and to 0'12 ppm after
I month. Residues were detected in the mud after 5 hours, increased rapidly
upto 8hours aftertreatment and reached amaximum ofotrly0 32ppm,I14houls
after treatment.

It seems unlikely therefore that contamination of ponds by aerial spraying
at commercial dosages (up to 5 kg/ha), or from run-off and leaching of chlor-
fenvinphos from treated soils, would be a serious hazard to free swimming
aquatic animals. Chlorfenvinphos persisted in the mud for at least 27 days, but
thire was no evidence of any significant effect oD aDimals liviog in the mud.

10.18 (DRy, W. W.) &TAYI R,L.R.(1970) Light and tempemture thresholds
for take-off by aphids. t. Anim. Ecol- 39' 4915o4..

Median take-off thresholds for light inteosity of eight lines of five species of
alate alienicolae were b€tweeo 15 and 10O ft-candles (162 and l08o m-candles).

Distributions were skew and corrected by adding a coustant, between I and
20 ft-candles (108 and 208 m+andles) to light inteusity before taking logs.

Smalt proportions of the populalion of R. naidis IIS-2 and M. g"anarium

respooded to light equivalent to civil twilight (0'l ft-caodles: 105 m-caodles).

S. gt@tinum re4uired the brightest light (1350 ft-candles: 14580 m-catrdles)

for full response. These aphids are unlikely to take flight at night.

&7
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Temperature thresholds were unexpectedly high; no aphids took flight below
14"C. Some aphids only flew at temperatures near the upper tolerance'limit.

Migratory flight is oot a trec€ssary concommitaDt of the aiate conditions of thes€
aphids.

10.19 EDWARDS, C. A., (RErCHLE, D. E. & CRossLEy Jr., D. A.) (1969) Experi-
mental manipulation of soil inyertebrate populations for irophic studies.
boloey 50 (3), 495498.

Pesricides were applied so that populations of soil microarthropods, earthworns
and the other fauna were killed diferentially to study their rol; in iitter aDd soil
jumo:e.l TIr: lTlrnique employs a soil fumigaqt (dichloropropene, .D_D'), an
insecticide (aldrin) and an earthworm extractant (formatii), to eliminate
different biotic goups. 'D-D' fumigation effectively elimiDated earthworms and
decreas€d microarthropod populations by 98.3%. ieriodic application of aldrinto fumigated soil caused little change in numbers of microarthropods for
8 months, when they were 6.7 % of the mean density in untreated plots. iepeated
extraction of earthworms by formalin had lessened the popuiation by gOf
6 months after treatment and the formalin had no signGcant elfecr on soil
microartbr-opods. This report presents the methods oatreatment, populatioD
chaDges after treatmetrt and rates of repopulation of soil by various invenebtate
species.

10.20 EDWARDS, C. A. & Tlroupsox, A. R. (1970) Control of wireworms
with organophosphorus and carbamate inse{,ticid(5. petticide Science l.
(In the press.)

Carbaryl, chlorfenyinphos, diazinoo, disulfoton, parathion, phorate, fenitro_
thion, thionazitr aqd trichlorphon were each tested at least on;e for their effect
on numbers of wireworms in thlee 6eld trials one with wheat and two with
potatoes. Many more larvae were killed by phorate and parathion at 4lb a.i./acre
(4',{8 kg a.i./ha) than by other ios€cticides; thionazin and diaziooo were inter-
mediate and the other insecticides rclatively ineffective.

10.21 EDwAnDs, C. A., TEoMpsoN, A. R., (BEyNoN, K. I. & EDWARDS, M. J.)
(1970) The movement of diel<lrin in soils. I. From arable soils in
polds. Pesticifu Science l. (lt the press.)

Dieldrin at 22.4-44.8 kC a.i.lhl was applied to strips each 3.6 m wide and 3.&
4.5 m away from the edges of four ponds. There were shallow to steep slopes
from the treated strips towards the ponds. In three experiments, the in;e.ticide
was lightly raked into the soil and in the fourth cultivated to a depth of l0 cm.
Dieldrin was found in untreated soil otr the surface of the slopes between the
treated strips and the ponds but not in the pond water. Very small amounts
(maximum 0.3 ppm) occurred in the bottom mud and on the sides of the potrds
opposite to tho treated sides, but only in experiments where the ins€cticide
was not itrcorporated into the soil.

10.22 EDWARDS, C. A., WIIrnNc, A. E. & (HEATH, c. W.) O97O) A mecha-
nised washing method for s€paration of iDvertebrates from soil. pado_
Drblogr'a. (In the press.)

A machine is described that can wash four soil samples simultaneously with
fao-shaped jets of water, otre across each sample as it rotates in a wire basket.
Its efrcietrcies in separating invertebrates from fallow, pasture and woodland
soils were compared. With all soils, it was most emcient with earthworrDs,
,lo8
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mollusqs, Iarger arthopods and deep living Collembola. The main advantages
of the method are its speed, elimination of tedious labour and the consistency
of the treatments.

10.23 (EDWARDS, M. J., BmvoN, K. I.), EDWARDS, C. A. & THoMPsoN, A. R.
(1970) The movement of chlorfenviophos (diethvl l-(2,4-dichlor-
phetryl!.2-chtorovinyl phosphate) in soil. Pesticide Screrce 1. (In the
press.)

The amount of chlorfenvinphos leaching through soil was studied by applyiog
it to arable land i. two fields at 22 4 kg a.i./ha and following its movement down
a slope. Only very small quantities of the insecticide later appeared lower down
the slope. A comparable amount of chlorfenvinphos was applied to the fiIst
compartment of a trough divided into six compartments by tratrsvers€ partitions
so that the soil slop€d with a gadient of 1 in 3'7. I-€achates were collected at the
bottom of each compartment. Most of the chlorfenvinphos in the leachales was

collected during the 6rst 63 days from the first compartment. ODly 0'18% of
the amount applied was leached through the soil but this was nine times as

much as with dieldrin in similar conditions, Only small amounts moved down the
sloping surface of the soil and most was in the soil at the bottom of the slope after
118 days. More chlorfenvinphos leached into the drainage water vertically thaD

moved laterally over the soil surface.

10.24 JoHNsoN, C. G. 0970) Methodology of field testing atrd of control of
capsids in Ghana. Proceedings of the 3td Inlernotional Cocoa Reseatch
Coaference, Accra. (In the Press.)

The results of field trials rnade between 1957 and 1960 were analysed and the
method of ass€ssing the effect of spraying by counting capsids to hand height
was compared with the method of counting the perceDtage of newly damaged

trees. Contioued counting each fortoight of either factor is unnecessary; the mean
of the fiIst two counts satisfactorily iodicated the irunediate effects of spraying.
Countitrg the percentage of trees with different degees of damage to the caoopy
every 6 months satisfactorily ass€ss€d the long-term effect. The coefrcient of
variation, both with capsid courts and with the percentage of newly damaged

trees, averaged about 100%; with the number of replicates that were practicable,
differences between insecticidal treatmeots, in any one trial, could be detected
with confidence only when they differed by a factor of two or more.

10.25 JoFNsoN, C. G. (1970) Predictable aggregation of capsids aDd damage;
its sicnmcatrce in the tactics of control. Proceedings of 3rd Inlernalionql
Cocoa Research Conference,,4ccra. (Itr the press.)

Distributions of damage to tre€s and of capsids between atrd within plots were

analys€d with the variance-mean Iatio. The amount of trew damage associated
with a capsid population of a particular size is pledictable and became in-
creasingly agigrcgated when the perc€ntage of newly damaged trees/fortoight
exceeded about t %. The fonnation ofcapsid pockets should be studied wirh this
in mind. The regression coemcient of log variance (s2) on log mean (m), for
capsids and for newly damaged trees, is about 2, which indicates that a log
transformation is appropriate for both.

The relation betwe€D new and old damage suggests a self-comp€nsating system

in wbich capsids may become fewer and the canopy may partially r€cover natural-
ly in some very badly damagpd areas. The pattem of distributioo ofnew and old
damage in relation to capsid populations suggests that spraying only some areas

N9
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might eventually b€ effective, but also that a good canopy can act as a res€rvoir
for large capsid populations and that some apparently healthy cocoa must not
be neglected in a spraying scherne.

10.26 JoNEs, M. c. 0969) The effect of weather on f'it fly (Oscinella ftit L.)
aod its predators. J. appl. Eco|.6,425-441.

Weather at the critical time of ovipositioD, larval penetratioo atrd emergence
determines the number of frit flies on oats. In unfavourable weather females
shelter itr spaces in the soil. Ground predators are also less active during cold
wet weather.

Predation occurs ooly to a small exteot on the ins€cts when they are in the
exposed stages ofthe life history. Small noo-specific egg feeders s]uch as Benbidion
lanpros, Tachyporus spp., Trechus quadristriatus arlld, the mite pergarrasus longi
cottis t,].ay eat frjt fly eggs. All stages of the panicle generation may be preyed
ot by Arrthocois nemorum.

Frit flies of all generations may be caught by dipterous predators normally
preseDt in the habitat. The commonest were Taahydrcmio spp. @mpididae),
Scatophoga stercoroia (Cordyluridae) and Medeterus truncorum (Dolichopo-
didae).

When the weather is good for oviposition of frit fly the combined activity of
predators and parasites is not enough to protect late-sown oats. Spraying twice
u.ith parathion at the 2-3 leaf stage is effective; alternatively the sprays can be
applied to thc soil before the crop is sown.

10.27 JorrEs, M. G. (1969) Oviposition of fit fly (Oscinella frit L.) on oat
seedliogs and subsequent larval developme[t. J. appl. Ecol. 6, 411424.

When undisturbed in a breeding chamber, female frit iies may lay many eggs
behitrd a single coleoptile of the 2-4 leaf oat s€edling. ID the field this happened
only itr plots freed from prcdators and when fine weather at the end of May
coincided with the 2 4 leaf stage. In other conditions, with predators and other
disturbing factors operating, 6Oi4 of all eggs were laid singly otr rhe 2-4 leaf
seedling.

When more than one larva penetrates the shoot, they compete for food, and
some fail to survive to pupation. I-arvae ca.n move between plants or tillers but
most that move in the 6eld are probably killed by predators: Bezbidiot lampros,
Agonum dorsale, Notiophilus bigufiatus a'Jd Trechus quodristriarr,J- Th€se preda-
tors may also prevent larae, hatched from eggs on the soil, from penetrating a
nearby oat seedling.

Dense stands of cereals favour oviposititrg females less than spars€ stands,
probably becaus€ the flies fnd it more difficult to position thernselves and there
are fewer acreptable creyices.

Counting eggs on plants in May is a better and simpler method of assessing
populations than sampling by the Cardiff grab or by assessing damaged shoots
in June,

10.28 JUDENKo, E. (t969) Funher rcsults on the eff€cts of phorate on losses
of sweat @m(Zea nays L.) caused by frit fly (Oscinella lrit L.). PANS.
ls (4), 55r5s7.

Phorate (l'5 lb a.i./acre (1.68 kg a.i./ha)) applied as granules in the s€ed furrows
at plaoting significantly lessened both shoot attack by frit fly and loss€s ilr
numbers aud value of marketable cobs, although it did not control the pest
completely. Phorate also inc€ased yield in another, unknown, way, il addition
to its effect on the frit fly. Contrary to the rcsults in 1967, phorate significaDdy
410
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inqeased actual yield in 1968. Had the p€st on these plots b€en completely
conholled, yield would have been a third more lhan it was. Results coDfirmed
the danger of estimatiog the losses caused by a panicular pest by measuring the
effect of an insecticide on the actual yield,

10.29 JUDENKo, E. (1969) A method of assessing losses iu spring oats from
ftit fry (Oscinello fri, L.) shoot attack. Bull. ent- Res. (In the press.)

Grain losses in oats following shoot attack by frit fly (Oscinella ftit L.) were
assessed at Rothamsted. Individual plants were marke4 and two categories of
attacked plants (tillers oBIy and maiD shoots plus tillers attacked) distinguished;
loss€s itr the former were small or negligible compared with those in the latter.
There was no evidenc€ of compeosatory growth for lost or damaged plants;
losses could therefore be assessed by comparing actual yield with expected yield
had Do plants b€€n attacked. The percentage loss, weighted according to inci-
dence and effect of attack in the two categories, was calculated from ha[d-
harvested samples. The loss/unit area was th€n estimated from the actual yield
obtained by combine-harvesting. Estirnates of actual yield were affected by the
method of harvesting, so that estinates of loss were oot precise.

lO.3O (Kr\,ursoN, L. V.), SrEpInNsoN, J. w. & BERG, C. O. (1970) Biosystematic
studies of Sohicella fatciata (Meigen), a snail killing fly (Diptera:
Sciomrzidae). Proc. R. ent. Soc. Lond- (.ter. l). (ID the press.)

The Salticellinae (Diptera : Sciomyzidae) consists of Prosalticella succini
Hennig (found in bahic amber), Salticella stucketbergiYetbeke (southem Africa),
and S. fascisra (Meigen) (central and southem Europe, northem Africa). Eggs
of S. fasciata arelaid in the umbilici of terrestrial snails, Iiving on dunes and in
other dry habitats; as nany as 331 eggs are produced by each female, aod the
incubation pe od is t-3 days. I-arvae have a broad food range. Although larvae
have been found feeding in nature only on Theba pisana (llfnllet), Eelicella
candicans (Pfeiffer'), II. virgatd (da Costa) and Helix iolrelsts (Miiller), (all
Helicidae), they killed and fed on snails of many other families and on other
dead invertebrates while being reared in the laboratory. I-arvae may feed as

solitary intemal parasites within a living snail and eventually kill it, or they may
feed saprophagously, from hatching to puparium formation, on dead tissues'

The duration of larval life ranges from l3 to 28 days. Puparia are formed outside
the shell; the pupal period lasts 2l-30 days.

The immature stages superficially rcsemble those of many Sciomlzini' Larvae
are robust and non-pigmented, with transparent spilules and have an unusual
arraogemeDt of minute lobes and papillae at the posterior end. Oral grooves aod
pharyngeal ridges are presetrt. Distinctive features of the third-instar cephalo-
pharyngeal skeletotr include a dcnticle on the mouthhook, no accessory te€th,

few te€th on the central arch, paired liSulate scle tes, a pair of bars above the
parastomal bars, a donal ridge between the pharynS€al sclerites, windows
in the dorsal and ventral cornua, and an indentation index of 61-67- The reddish,
slightly wdnkled puparium has 8-10 transversely arraoged papillae on the aD-

terior spiracle and the conical, elongate posteriot spiracular rubes have tfuee
simple slits.

Although some biological and morphological features of the adult and im-
mature stages are sp€cialised, many are primitive. The SalticetliDae belong to the
same monophyletic goup as the Sciomyzinae and Phaemyiinae and seems

closest to the Sciomyzini. Many characteristics, but esp€ciatly the food and
feeding behaviour of the larvae and the pres€nce of pharlrgeal ridges, indicate
that S- f&tciato is phylogenetically clos€ to the acalyptrate progenitoG of the
Sciomlzidae,

4tt
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10.31 LEwrs, T. (1969) The distribution offlyiDg insects near a low hedgerow.
l- appl. Ecol- 6, 443452.

The distributioD pattems of insects flyiDg over pasture, to leeward of a mixed
hedge, were measured by suction traps. Insects in the hedgerow and neighbourfug
fields were sampled with a vacuum sampler to show the probable origin of some
taxa presetrt itr the aerial population.

The pattems for ios€cts drifting over lhe hedge from distant sources resembled
pattems near artificial windbreaks of similar permeability, with accumulations
extending about ten times the height of the bedge to leeward. pattems for
ins€cts originaling io the hedge were quite different, with accumulations extendiog
a shorter distance to le€ward and with greatest densities immediately behind thi
hedge.

Wlatever their origio, fewer insects accumulated in slow thaD in fast wiDds,
which suggests tbat accumulatioDs near hedges occur largely because the pattems
of air-flow created by the hedge concentrate insects from the passing aerial
population, not because the hedge itself supplies the greater populatiotr.

10.32 LEwrs, T. (1969) The diversity of the insect faula in a hedgerow and
neighbouring fields. l. appl. Ecol. 6, 453458-

Th€ iDs€ct communities on vegetatioo in a mixed hedgerow and io neighbouriog
fields of pasture and field beans \uere sampled with a vacuum sampler, and thi
aerial populations above tho yegetation with suctiotr traps. For terrestrial aDd
aerial samples, the fre{uency distribution of the number of individuals, in each
of 76 taxa idcntfie4 fitted a logarithmic series; therefore c was used as an
index to compare the relative diversity of communities in and above these
habitats.

Of the terestrial communities, that in the hedge was the most divers€, less so
in the beans and least in the pasture. The diyersity of the aerial population de-
creas€d with increasing distance from the hedge, aDd the resultiDg pattern of
diversity resembled the pattem of shelter produced by the hedge. the presencr
ofthe hedge enriched the aerial poputation nearby for a distance of three to ten
times its height to leeward and one to two times to windward.

10.33 LEwrs, T. (1970) Patterns of distributioo of insects near a windbreak
of tall trees. Ann. oppl. Biol.65. (ln the press.)

The distribution of shelter to leeward of a windbreak of tall trees was compared
with the pattem of distribution of insects above and within a wheat crop.

The pattern for flying insects blown from els€where rEsembled th; shelter
profile, in contrast to insects originating in the windbreak, which accumulated
irnmediately behind the trces, aDd those originating a few metres to windward,
which ac{umulated itr a zone between } and I H to leeward. These pattems werc
more distinct in direct than in oblique incident winds.

The pattem of infestation of a breeding population of cereal thrips in the
wheat resembled the distribution of airbome primary migants l-2 months
earlier; the pattem of scatophagid flies on the crop also resembled that of air-
bortre populations of other dung feeders originating slightly to wiDdward of the
tre€s.

10.34 LEwrs, T. & (Sr'rrrn, B. D.) (1969) The insect fauna of pear and apple
orchards alld the efrect of windbreaks on their distributioi. Ann. ijpl.
Biol. g, 1l-2O.

Two coir netting wiodbreaks, each 7 m tall and 46 m long, were erected in a pear
and ao apple orchard, to try to increase the number of iDs€ct pollinators presetrt

412
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at blossom time. The flying iDs€cts were sampled with suction traps and insects
visiting trees were sampled by examiniog marked clusters of blossom.

The mean aerial density was calculated for each of the 42 taxa, mainly families,
identified from the aerial population. There were about 50il more insects
flying in the pear than in the apple orchard. The distribution of flying insects was
greatly affected by the windbreaks, and the sheltered zone contained three times
as many Chironomidae, Psychodidae and Bibionidae, as elsewhere.

Small flies were the most abundant insects itr the air, in both orchards. In the
pear orchard ooly about 7% of the total aerial population were large insects of
which hooeybees cotrstituted 0'7% and wild bees 0'3 %.

By contast, Iarge insects accouoted for a greater proportion ofthe population
on blossom. The reasotrs for this are discussed. Syryhids and honeyb€es were the
insects most often seen on pear blossom and Bibionidae and Mycetophilidae on
apple blossom.

10.35 MACAULAY, E. D. M. 0969) A devic€ for controlling humidity in
srnall insect-rearing chambers. Lab. Pract. 18, 652.

An apparatus is described that brings a stream of air to a specified relative
humidity before passing it through the culture chamber.

10.36 SrEpEENsoN, J. W. & (KNUrsoN, L. v.) (1967) The distribution of
snail-killing flies (Sciomyzidae) in the British Isles- Entodologi$'s
Rec. t. Var. (In the press.)

The world and western Palearctic distribution of Sciomyzidae are summarised
briefly. The British Sciomyzid fauna, consisting of 63 species in 23 genera and
thrEe sub-famili€s, is compared with those in continental (European) areas.

Causes to \f,hich the general paucity of the British fauna may be attributed,
additional to thos€ already put forward, are suggested.

The known distribution of the British fautra is summarised and a request made
for further informatioo or specimeDs to be sent to the autho6. Distribution
maps of lhe type shown will be published in collaboration with Biological
Records Centre of the Nature Cons€rvancy.

10.37 TAyr-oR, L. R. (1970) Vadance and the tEnsformation of counts of
Aphis fabae Scop. on beans. ,4nr. appl- Biol.65, t8l-189.

In several sets of cou \tts of A. fdbac colonies on bean sterLs, obtained with different
sampling methods, variance was always proportional to the same power of the
mean, s2: amb whete b:1,72; a differed according to different sampliDg
methods. The resulting standard transformatior. fot A. faba4 on b€ans, z : i{ 2,

is marginally more eflective than z : Iog (x + l).

I l.l BrrLER,
haviour,

B€e Department

GEI.ERAL PAPERS

(1969) Some pheromones cotrtrolling honeybee be-
VI Coagr. IUSSI, B<rn 1969, 19-32-

(1969) Some chemical and other factors controlling
of honeybees. Rep. Cent. Ass. Br- Beekeep. Ass.

ll.2 BurrR, C. G.
the behaviour
pp. l-12.

c. G.
Proc.
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I I.3 BArLEy, L. (1968) The measurement and interrelationship of infections
with Nosena apis and, Malpighanoeba mellifcae of honey-bee popula-
tions- !- Invefi. Poth.12, 'l'75-179.

The numb€rs of spores of iy'o.rema 4riJ, or cysts of Malpighamoeba mellificae
in samples of honeybees (Apis melliferu) were correlated with the percentage of
be€,! inf€cted. Colonies inf€cted with both parasites werE more than expected by
chance and clntained more bees infected with N. apri than usually occur in
colonies with M arrt alone- M. mellifcae multiplies less than 

^/. 
apri in individual

bees and does not caus€ obvious sickness.

ll.4 BarLEy, L. Q968) The multiplication of sacbrood virus in the adult
horeytree. l/irology X, 312-313.

Infectivity tests on Iarvae showed that sacbrood virus multiplied when fujecred
into adult bees that were protected against acute boe-paralysis virus with aDti-
serum, or when fed to very youDg bees-

ll.5 BArLEy, L. (1969) The multiplication and spr€ad of sacbrood virus of
be.as. Ann. appl. Biol. 63, 483491.

Sacbrood virus multiplied without causing symptoms in adult be€s when it was
injected irto them or when it was fed to young individuals, More virus accumu-
lated ill heads of infected b€es than elsewhere in their bodies, and much was in
their hypropharyngeal glands. The extract of each infected head contained about
102 medial lethal doses (LD 50s) of sacbrood virus for larvae when given in tbeir
food. The infective dose of sacbrood virus by injection for adults was about
l0 4 ofthe LD 50 in food for larvae. The infective dose by mouth for adults was
about 102 LD 50s for larvae, but bees older than +8 days could Dot be infected in
this way. Infection did not spread b€tween adults but is probably transmitted
in nature from infected adults to larvae and back to young adults that ingest
remains of larvae killed by sacbrood. The youngest adult bees infected with
sacbrood ate little pollen and lived oDly about 3 weeks in the laboratory, as did
bees receiving oo pollen, whereas bees fed with ample pollen Iived 9 we€ks.

I1.6 BAIEv, L. (1969) The signs of adult bee diseas€s. Bee lyld 50, 664.
Most colonies producing maoy crawling ildividuals iD England and Wales were
sufferiog from paralysis caus€d by chronic bee paralysis virus. I-aboratory
tests and field observations over many years have showa that this virus caus€s
crawling and early death of bees whereas bees infected vrith Acarupis voodi,
Malpighamoeba mellifcae or Nosema apis do r,ot.

ll.7 BAr.Ey, L. (& I-ocHER, N.) (1968) Experiments on the etiology of
European foulbrood of the hotreybee. !. apicult. Res.7,lO3-1O7.

A pure culture of Sfieptococcus pluroz isolated in Denmark from larvae therc
with European foulbrood (E.F.B.) caus€d the diseas€ when inoculated into
healthy colonies. Bacteria-fre€ filtrates of E.F.B. larvae from either Denmark
or England did not cause E.F.B., and the English filtrate did not contain the
virus-like particles s€€o in similar filtrates elsewhere. All strains of S. pluton
examined, which had beeo isolated io many parts of the world, were closely
related serologically. Inoculating colonies with bacteria from E.F.B. larvae did
not cause E.F.B. during Iate summer, and endemically dis€ased coloEies rccovered
spoDtaneously when removed to areas usually free from E.F.B.
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11.8 BLIILER, C. G., (FLET cI[R, D. J. C.) &WATLER, D. 0969) Nest-entrance
marking with pheromones by the hooeybee, Apis melwra L., atrd by a
wasp, yespuld rulguis L. Anim. Behav. 17, 142-147 .

Crawling worker hooeybees, apparently involuntarily, deposit a 'footprht
substaDce' that attracts other workers and stimulates them to enter the hive.
Homecoming honeybe€s are also attracted by an odour in the hive atmosphere
which may b€ that of'footprint substaDce'. This 'footprint' pheromone, which is
c€rtainly perc€ived olfactorily and possibly also chemotactically, is persisteDt

but probably not colony-specific. Although deposited by the feet, it is probably
produced by glands on most parts of a be€'s body, Workers of the social wasp,
Vespula vulgaris, also deposit a 'footprint' pheromooe that attracts homecomitg
wasps but not worker honeybees. Similarly, the 'footprint' pheromone of honey-
bees does not attract worker wasps. It is suggested that many kinds of social
ins€cts, and p€rhaps some solitary otres, involuntarily mark the entrances of
their oests with 'footprint' pheromones-

ll.9 FREE, J. B. 0968) The conditions under which foraging honeybees
expos€ their Nasonov g)and. f- apicult. Res.7, 139-145.

'Scout' honeybees searching for food were attracted by the odoul from the
Nassanoff glands of other foragers. Foragers did not usually expos€ their
Nassanoff glands uotil after they had visited a souce of food s€veral times, oven
when the food was abundant and attractive. Some foragers expos€d their Srands
more often and for longer than others.

The tendencies of bees to expose their Nassanoff glands was not influenced by :

the pres€nce of Nassanoff gland odour at the sourc€ of food; changiflg the food
from sucrose syrup to honey; putting obvious visual orientation rnalks or certain
sc€nts (e.g. benzyl acetate, methyt benzoate) near the food. Adding geraniol to
odourless food discouraged bees that collected it from expositrg their Nassanofr
glands, although some did so even when foraging on natural flowen to which
sucrose syrup had been added.

11.10 FR!E,J. B. (1968) Engorging of honey by worker honeybees when their
colony is smoked. l. opicult. 1?es.7, 135-l'58-

After smoke was blown among the b€es of a srnall colotry, the amouDt of food
in their honey-stomachs soon increased gireatly, and then decreased slowly. The
amount b€€s ingested was Dot related to their age but the honey'stomachs of
bees l0 days old (likely to be fe€dhg brood and building comb) were fuller
than thos€ of other bees before their colooy was smoked, so they were also

fuller afterwards. Be€s that stung a provocative object tended to have less food
io their honey-stomachs than bees that did not sting it.

ll.ll FrrE,J. B. (1969) IDfluence of the odour ofa honeybee colony's food
slores on the behaviour of its foragers . Natute, Lond. 22:2, 7'18.

The odour of a honeybee colony's food stores is one of the factors that influenc€s
a forager's choice of crop, even when they are conditioBed to other food souc€s
aod the food is not being traosferred during the process of direct crop communica-
tion by successful foragers.

ll.l2 FREE, J. B. & PRTECE, D. A. (1969) The eff€ct of the size ofa honevbee

colooy on its foraging activity. Iqsectes soc. 16,73-:78.

Deterioration in foraging cooditioos discourages foragiag relatively morr from
large than from small colonies,
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ll.l3 FREE, J. B. & P-{cEy, P. A. 0968) The pollination of runner beans
(Phaseolus muhifiorus) itr a glasshouse. J. apicutt- Res- 7, 67-49.

In glasshous€s honeybees were as sucressful as bumblebees at pollinating ruDne.
beans, and their use produced earlier crops.

11,14 SrMpsoN, I. (1969) The amounts of hive space needed by colonies of
ElJropsar. Apis nVlwra. l. apicuk..Res. 8, 3-8.

The sizes of colonies and the amounts of spaca particular numbers of be€s
occupied were investigated, to deduce how much hive space beekeepers oeed for
their colonies. The large variation in colonies' maximum sizes suggested that it
might be more useful in s€lcctive breeding to aim for more uniform colonies than
for bigger ones.

I l.l5 SrMpsoN, J. & CsrRnv, S. M. 0969) euecn confinement, queen piping
and swarming in lpis mellifera CxJ,lories- Anim. Behav- 17, 271-2j9.

The factor respoDsible for decidiDg whether or not a colony that rears young
queens prevents them from emerging from their cells was sho*n to be eithei
congestion of adult bees in the hive or simply large numbers of adult bees.
Nevertheless, depriving colonies of their flyiug bees made them more likely to
destroy queen cells. Worker bees seemed not oDly to imprison youtrg queens in
their cells, but also to inhibit them from cutting open their cell cappiogs. Swarm-
ing by uncrowded colonies was invariably preceded by queen piiing. There was
some evidence that piping sound plays a part in making colonies swarm.

ll.16 Wr[,Dtrrc, N. 0969) Effect of humidity on the sporulation of E ro-
mophthora aphidis l{ofrman and E- thaxl.tiana Hall and Bell. frarr.
Br. mycol- Soc. 53, l2Gl30.

En-mmophthora thaxteriaru and E. aphidis oq p€a aphids sporulate most at IOO%
relativo humidity and not at all below 90fo relative humidity. E. thoxteriato
sporulates relatively more than E. aphidis below loof relative humidity. Both,
but esp€cialty .E aphidk, wm to sporulate more wheo the iofected aphid is on
a wet substrate in a saturated atmosphere than wh it is in a saturaid atmos-
phere ouly.

Statistics Deprrhmt
R.F.SEARCH pApERs

l2-l ANDIISoN, A. J. B. & LowE, B. I. (1970) A mulrivariate analysis com_
puter progxam. Appl. Sratist-19, 18-26.

The computer program described for the analysis of multivariate data is inter-
active in that its control structure is designed to facilitate a stcp-by-step process
of aralysis extendiDg over several computer runs- Especia[y compre-hensive
iuput routi[es allow the user flexibility in data presentation. A groui structrue
can be imposed, and within- and between-group analyses are possible. The
program includes all the usual multivariate techniques, but in addition provides
a wide repertoire of operations useful in multiple regression analysis.
416
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12.2 (AlDERsoN, E. C., CA"sficK, p. B., MowAr, G. N.) & LEEqr, F. B.
0970) A comparison b€tween the use of cattle and a tissue culture
system for safety testing of inactivated foot-and-mouth disease vaccines.
,1. Hye' Canb. (In the press.)

The susceptibility of the tissue culture system to small amounts of residual liye
virus was not influenced by the inactivated antigen presetrt. The depth ofinoculum
over the cell sheet did Dot affect results. Negative cultures frequenily gave positive
first, but lot s€cond or later, sub-cultures

BHK cells were always more sensitive than cattle toDgues to infection with
any of the strains used.

Confidencc in the safety test depeods on the uumber of vaccination doses
used; the tissue culture test can be made much more reliable than the caftle test,
because it is not limited to the 15 nl of inoculum that restricts the ca$le test.

12.3 BARDNER, R., (MASKILL, F. E.) & Ross, G. J. S.0970) Measuremetrts
of infestations of Wheat B.d,b fly (Leptohylemia coarctata (Fall.) a\d the]tr
relatiotrship with yield. pl. poth. (In the press.)
For summary see No. 10.14.

12.4 BpyD, D. A., TrNxER, p. B. H., DRAycorr, A. p. & L,rsr, p. J. 0970)
ryiIoC-en Je1rrirylnent of sugar beet grown on mineral soils. J. aga.c.
Sci., Camb. 74, 37-46.

On most of 170 experiments during 1957-66, nitrogen itrcreased sugar yields
ghqply and almost tinearly up to an optimum beyond which the/ chinged
little; 1.8 cwt N/acre was the largest amouot tested. Usually 0.,1_O.8 cwt NiaLe
was enough for maximum yield; more was needed on a few sites, but about a
fifth gave tro respoDse.

l\,Iost site-to-site and year-to-year diflerences in respons€ betw€en 0.9 aDd
1.8 cwt N/aqe were no greater than could be expected irom experimental error
alone. There were substantial between-site differences in respotrse up to 0.9 cwt
N/acre, but attempts to explain them in terms of weather, loil aod husbandry
factors had little success.

The recommetrded dressing is 1'0 cwt N/acre, more thao is usually needed to
obtain maximum yietd. More should be given on soils of the Hanslop€ and
Stretham Series and on light sands poor io organic matter; less is needed where
crop residues can supply much nitrogen.

12.5 CHURCH, B. M., (HAMpsoN, C. p. & Fox, W. R.) (1970) The quality
ofstored maincrop potatoes iD Creat Britain. Eur. iototo J.lg. On ttrl
press.)

Surveys of stored maincrop potatoes in Creat Britain (1965 and 1966) Drovide
estimates of the distribution of various defects in the crop,

Abortt 4ofu reached premium Grade I standard, ar,d 2O_25)( of stores con-
tained 60 % or more of Grade I potato€s and might profitably &essed out to
this grade. A-qrrarter ofthe crop failed Grade I because of mechanical damage to
the surfac€. Mechanical damage, diseases (mostly scab, silver scurf and blight)
and greening each caused rejection of t3-18%; 16% of Majestic afi 6"/ oi
other varieties were of unacceptablo shape. Majestic suffered-more than other
varieties from most defects, except blight, which was common in ,red' varieties.
Observed disease blemishes (particularly silver scurf) increased over the storag€
season.

Perc€ntages complying with alternative grade specifications cau b€ estimated
from the tabulated information -
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12.6 (C.orrrr, G. B., Cul'orrNs, J', HEDcFs, S.) & KRzANowsKr, W. J. (1970)

The taxoDomic status of British water voles, geots Arvicola. J. Zool.
(Lozd.). Oa the press.)

Samples of skulls of ,{rvr'cora were studied from several regions of Britain to test

the hypothesis that more than one sp€cies of the genus might be prescnt. Analysis
of cranial measurements aod of quasi-discontiDuous variants of the skull provide
oo grounds for recog[ising more than oDe sp€cies, and comparison with sampl€s

from continental Europe support the view that all the British samples reprcs€nt
A. terresrris tathlet thaa A. Sapidus.

12.7 FREE, I. B. & PRrEc'E, D. A. (1969) The etrect ofthe size ofa honeybec

colony on its foragin g activity. Insecte$ soc- 16, 73-:17.

Deterioratiou in foraging conditions discourages foraging relatively more from
large thau from small cotonies.

12.8 GowER, I. C. (1969) EvaluatioD of marginal meaos. Appl. Statisr.lS,
63-65.

This proc€dure takes th€ values of an n-way table, allottiog space for margins,

and then fills the marginal cells \f,ith ma{ginal means. It us€s the subroutinc
package described in ASI (Gower, 1968) for handling multiway tables as though
they were one-way,

12.9 GowER, J. C. (1969) Analysis of variauce for a factorial l^ble. Appl.
Srarrir. lE, 65-68.

Given an rway table with margiml meaos, this procedure produces tables of
corr€cted sums of squares, and associated degre€s of fre€dom, for all main
cff€cts aud interactions. The subroutine package ASI (Gower, 1968) for handliug
multi-way tables as if they were one-way is used.

12.10 GowER, J. C. (1969) Calculation ot efr(ris. Appl. Statist. 18,7X2-
Two associat€d algorithms are described. The main algorithm, efects, is a
proc€due for calculating all main effects and interactions for a factorial layout,
-given 

specified orthcnormal contrast matrices for each factor. The subsidiary

;tgorithm f4res does the single transformation for a specificd factor.

12.11 GowER, J. C. 0969) Autocodes for the statistician. lni Statistical
Computation, pp.37-62. New York: Academic Press.

Statisticians haye b€€D foic€d to write statistical systcllls of programs because

existiog algebraic autocodes are inadequate. Statistical systems have disadvaD-

tages ;d ihe alternative approach of improving the autocodes is considered.

It is suggested that a few extensions, especially in the directioD of acceptin- g more
types oftperand aod in storing and recovering program and data, would greatly

improve the power aod flexibility of autocodes' Rocent laoguage specifcatioDs

have already included maoy of these improvements. With improved autocodes,

special statiltical systerns will no longer be necessary; they will ft re-O]aced bf
subroutine packages linked by programming at the autocode leYel itself.

12.12 GowlR, J. C. (t970) Cla.$sification and geology. Retue Inst. int.
Srar,'sr. 38' 35-41.

Multivariate methods for cluster analysis and hierarchical cluster anall'sis are

briefly reviewed. The importance is emphasised of coosidering the sampling
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pJoperties of aoy objects to be classified. Multivariate mapping procedures are
discuss€d atrd formulae given for the methods most likely to b€ use-R t in geotog;
modern developments are reviewed.

12.13 cowER, J. C. & PREECE, D. A. (1970) Gercrating successive incomplete
blocks with each pair ofelements in at least one block. J. Combinaiorial
Iieory. (In the press.)

This paper examines solutions to the following combioatorial problem: produc€
an ordered set of blocks of M elemetts chosen from N such that (i) any pair
of the N elemeDts occurs together io at least oDe block; (ii) the total number of
elemeDt changes in forming each new block from the preyious one is minimised.
For certaiD values of N and M, the only known solutions have no knoBn geneml-
isation. However, several general atgorithns are described that produce sets of
blocks satisfying (i) and either satisfyiog or nearly satisfying (ii). Other, related
combinatorial problems are outlined; all are releyant to organising a certaio
type of data in a computer.

12.14 KxzANoivsK, W. J. (1970) Traosposing multiway srructu€s. lprr.
.srarr\r. 19, 115-l18.

An algoritbm is given for overwriting an ordered set of data values x[l : r]
with the re-ordered set defined by the traospositiotr .r[i]->r[j]. Re-orderiog i
matrix stored as upper triangular by rows into lower triangulai form, and ie-
ordering the yalues of aD n-way table when the order of factors classifying the
table is chaDged, are given as examples,

12.15 LEIH, F. B. & (MAcRAr, W. D.) (1970) Surveys of sheep dipphg in
Blitaijo, Pesticide Science. (In the press.)

Surveys of sheep dipping and sprayiog during 1965-66 showed that, after the
€od of 1965, the use of org,anochlolioe formulations decreased greatly and the
use of organophosphorus formulations and formulations containbg both
orgaDochlorine and organophosphorus compounds increas€d. Methods of
disposal of toxic residues aud rhe hazards, are summarised,

12.16 (Mun, J. M., HARDTE, H. c. M., INKsoN, R. H. E.) & ANDER5oN,
A. J. B. (1970) The classificatioD of soil profiles by traditional and
numerical methods. Geodemq. (In the press.)

Sixty-thrce soil profiles, which are recognised members of four loDg-established
series, are also classified by numerical methods so that the results of the numerical
and traditional approaches can be compared. The numerical groupings clearly
resemble the soil series, even to the extent of showing which series are clearly
different anq which can be easily confused. The discussion attempts to exphi;
why such different approaches give similar results.

12.17 NEI-DER, J. A. 0969) The description of statistical data structures for
statistical computing. Ini Stotitticsl Computqtion, pp, 13_36. New
York: Academic Press,

The paper describes how the structures ofexperimental and survey data can be built
up by combirdng single items by the us€ of certain structural opeftrtors. Th€se
operators may, for example, join items in a chain, or de6ne cross or nesled
classifications.

The structure formulae derived with thcse operato$ can be us€d to describe
the various ways data can be ordered, both inside and outside the computer,
and heoce how it can be acc€ssed iDside ihe computer
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12.18 NELDER, J. A. (1969) The efrcient formatioo ofa triangular array with
restrict€d storage for data. Appl. Statist.lS, 69-72.

The formation of a sums-of-squares-aDd-products rDahix from a s6t of experi-
mental variates requtes arithmetic op€ratiotrs on all possible pairs of variates.
When a computer store cannot hold all variates simultaDeously, suitable subs€ts
of them must b€ brought in s€quentially. Ar algorithm is given that organises
this efficieotly.

12.19 (PATrERsoN, H. D.) & IrwE, B. L (1970) The errors ofloog-term exp€ri-
ments. J. agric. Sci.74, 53-&.

Yields from qops r€curring oo the samc plots in long-term experimeDts are
correlated. When these plot co[elations are ignored treatment effects may be
estimated less efficiently aDd estimates of error are biased.

Scrial plot correlations aro calculated from 12 exp€rimeots on arable crops in
England and Wales, for yietds 4, 6 or 8 years apart. They are usually positive,
with average value 0'2. In oDe set of experiments the losses in emciency are shown
to be small, but soEe of the biases irl the estirnates of error are large- Biases in
the variaDces of treatment means can b€ wholly or partly eliminated by separating
two components of error, plot error and plot x year error.

12.20 PFJECE, D. A. (1969) Near-cyclic rcpresentatioos for some resolution
VI fractional factorial plans. ,{,r. Math. Starist.40, 1840-1843.

Draper and Mitchell (1968) gave the complete set of even 512-run designs of
tesolution >6 and the complete set of 256run designs of resolution 15. The
authors showed that each of these designs can be obtained from one or oth€r of
five Referenc€ Designs, atl of resolution 6. The present note gives near-cyclic
repres€ntations of the complete sets of interactions in the ide[tity relatioDships
of the Reference Designs. Some of these sets are shown to be relatod to certaiq
incomplete block designs, including a new t)?e of resolvable balanc€d incom-
plete block desien.

12.21 PREECE, D. A. (1970) Iterative procedures for missing values in experi-
merJts. Technomelrr'c.r. (In the press.)

A revised version of the Rothamsted General Factorial Program described by
Yates and Ande$on (1966) was used to ass€ss the merit of modifying the iterative
missing value procedure of Healy and Westmacott (195O. Results of the iuvesti-
gation are described. The algebra of the general iterative procedure is given, and
the range of conyergence discussed,

12.22 Ross, G. J. S. & TRUDGILL, D. L. (1969) The effect of population
density on the sex ratio of Heteroderu rostochieniisi a twodimensional
lr.odel. Nematologicd 15, 601-607.
(For summary s€e No. 8.17.)

12.23 (WrLrAMs, J. H.), BoyD, D. A. & (FARRAR, K.) (1970) Residual phos-
phate experiments on Experimental Husbandry Fatrs. Tech. Bull.
Minisr. Agric. Fish.Ia. Gn the press.)

The results are describ€d of six long-term experiments done on N.A.A.S. Experi-
meotal Husbandry Farms between 1951 53 and 1962-44 to estirDate the im-
mediate aod cumulative residual value of four phosphorus fertilisers.

For each crop, average responses in the year of application and, especially in
the two residual years, \f,ere greater in the second period of 5 yeals than in thc
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6rst p€riod of 6 years, probably bcause of p r€sidues in the soil. R€sults for
potatoes, swedes and kale, which usually responded well to p fertiliser, could be
accourted for if the fractions of a direct dressing available in the lst, 2nd and
3rd-10th residuat years were about on+third, one-6fth, one-tenth, iugepsting
that the residual value of a dressing of p fenilis€r dimidshes rapidli in iie fiIsi
year or two but that small fractions may be available for miny subsequent
crops.

Otr most crops on neutral soils, rock phosphate was much inferior to other
forms, and the larger dressing sometimes decreased yield.

I-argJ direct &essings of sup€rphosphate and dicalcium phosphate usually
gave similar respons€s, somewhat greater than those of basiC shg. Residues o1
basic slag were much the same as those of the more soluble forms. With few
exc€ptions small aonual dressings gave a similar average yield to the same total
quaDtity given triennially.

Field Experiments Section

RTSEARCE pApERs

14.1 Dyre, G. V. (1968) Field experiments ard ircreas€s in yield of crops.
J. natn- Inst. agric. aot.11,329-342.

The results of field experiments may be used to predict the cons€quenc€s of
chang€s in gr-owers' methods; the precautions needed are discus.sed. The changes
in yield ofwheat on three are3s between 1949 and 1964 are examined. These are:

(l) Broadbalk permanent wheat exp€riment
(2) Rothamsted ley-arable experimeut
(3) AI wheatfields in Eugland and Wales.

In each case the effects of many of the krown changes of practicr can b€ esti_
mated from experiments ard the total so estimated is compared *ith the total
change dudng the period, after smoothing seasonal differences.

On Broadbalk there were no importaot chaDges in methods and no trend is
dgt$t*. _Ol thg l9y arable experiment the linear regressions on time suggest the
yields had doubled (from 25 to 50 cwt/acre). A better interpretation is that when
allowancr is made for the effects of known changes of method (estimated to total
about 12-15 cwt) no treud romains. In England and Wales tire yield of wheat
iDcreas€d by 11 ovtlacae;7 qrt of this is ascribed to changes in varieties aad
rnanuring.

14.2 McEweN, J. (t969) Fertiliser nitrogen and growth regulators for field
baos (Vicia faba L.). I. The efrects of se€dbed applications of large
dressinqs of fertiliser nitrogen on field beaos (yicia idba L.) aurd ttr- t6i-
dual effccts on following winter wheat. J. agic. Sci., Canb. j4, 6l_46.

The largest mean response by beaDs to fertiliser nitrogen, broadcast in the seed-
bed came from the largest rate tesM (3 cwt N/acre), These responses ranged from
l;9 cyt qrlin/acre in 1967 to 3.1 cwt grain in 1966; although larg€r than responses
obtain€d in previous experiments testiDg small quantities of iertiliser nitiogen,
theresults-suggest there is Do proq)€ct for th€ €conomic us€ of fertiliser nitrogeu
in the seedbed for spring beans.

The nitrogen applied to b€ans at Rothamsted increas€d the yield of the follow-
ing winter wheat by about as much as a direct applicatio; of one-sixth the
amount (one-twelfth at Wobum).
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14.3 McEwEN, I- (1969) Fertiliser nitrogEu ard growth regulators for field
bfans (yicio fobo L.\. ll. The effects of large dressings of fertiliser
uitrogen, siqle and split applications, and growth regulators on field
traos (Vicia faba L.\. J. agric. Sci-, Camb- 74, 6712.

The respooses to the largest dressings of fertiliser nitrogen were increas€d by
dividing them, the maximum gain was 4 0 cwt grain/acre.

CCC (chlormequat) had tro effect on the gowth of plants. 89 shortened stems
by as much as 3of, depending on how much and when it was applied. 89
increased yield in 1966 and 1968 (by 2.5 cwt gain) but desreas€d it in 1967 (by
2.1 cwt graio).

In 1968 both B9 aud l'5 c*t N inqeased yield by increasing the number of
stems and pods p€r acre. 89 deseas€d 1000 graio weight; l 5 c$t N slightly
increased it. A further 1.5 cwt N decrqsed number of stems p€r acre but this
was more than compensated for by an increased number of pods per stem.

The effects of season were large and exce€ded the efects of any of the tleat-
meots,

Broom's Barn E4lerimental Station
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16.ll ITNGDEN, P. C. (1970) A machine for rubbing small samples of sugar
be€t fruit. LLn.B. (lounal of the Interuarional Insritute lor Sugat Beet
Research). (h the press.)

16.12 IoNGDEN, P. C. (1970) Manudng the beet s€ed crop gown in England.
N.A.A.S. q. .Rev. (In the press.)

RTSEARCH PAPERS

16.13 BoyD, D. A., TTNKER, P. B. H., Dnrycorr, A. P. & LAsr, P. J. (1970)
NitrogEn requLement of sugar beet grown on mineral soils. J. q8z.c.

Sci., Canb.74, 37-46-
(For summary see No. 12.4.)

16.14 ByroRD, W. J. & RrEvE, G. J. 0969) Etrtomophthora species attacking
aphids in England, 1962-46. Trans. Brit. mycol. Soc- 52,342-346.

Entomophthora aphidis, E. planchoniana, E. Iresenii, a\d E. thaxteri@a were
commou on Myzus persicae aod. Aphis Iabae infestilg sugar beet, and on mary
other aphid sp€cies, but s€ldom killed all the aphids oE a plant. Individual aphids
overwintering in maDgold clamps were infected.

16.15 DRAycom, A. P. (1969) The effect of farmyard manure on the fertilis€r
requirement of sug,ar b€f,t. l. Wic. Sci., Comb.73, ll9-124.

Thirty-€ight experiments on commercial farms d€termiDed the fertiliser requfue-
ment of sugar beet growa with farmyard manure (FYM). One eroup (1961-63),
with uniformly applied FYM, tested the value of additional nitogen, phosphate
and potash, with and without agdcultual salt (crude sodium ch.loride).
A.nother group 0964-67) tested the value of fertiliser N and agricultural salt
with aDd without FYM.

The average economic optimum dressi.ogs of fertilisers with FYM were 0.5 cwt/
acre N, 0.3 cwt/acre PzO5, 0.5 cwl/acre KzO, with agricultual satt, \ryhich largely
replac€d the need for potash. Chemical analys€s of samples of FYM used in the
second group of experiments gave no reliable guide to the requiremeot of addi-
tional nitrogen or sodium. With adequate PaOs and KzO, the FYM increas€d
sugar yield at all except one site, otr average equivalent to the increase from
0.3 cwt/acre N. Agricultural salt increased yield economically at most sites except
oD the silts rourd the Humber and the Wash. No clear relatioDship was found
betwe€o soil analysis for sodium aod sugar yield respons€ to aericultural salt,
but where the exchangeable soil sodium was l€ss than 25 ppm Na, a response was
likely.

16.16 DRAycorr, A. P. & DURR^N[, M. J. 0970) The relationship between
exchangeable soil magnesium and response by sugar beet to magnesium
sulphate, J. agtic- Sci., Caar. (In the press.)

Fifty-thrce experiments made betweeo 1959 and 1968 tested the respoose to
magDesium sulphate by sugar beet on fields where magnesium deficieocy symp-
toms were expected. Soil samples, taken before applying fertilis€rs, were analysed
for exchaogeable magaesium by four methods. Sodium, potassium and calcium
in the soil extracts were also measured to determine whether they influenced
response to magn€sium.

R€sults of different methods of analysing soil for magnesium were related to
e3ch other aod to the percentage yield-respons€ to magnesium fertiliser. The
coocentration of other soil cations did not affect response to magnesium fertiliser,
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but giving other cations, esp€cially sodium, as fertiliser deqeased the concentra-
tion of magnesium in the crop. Nevertheless, eveo on fields defcictrt ir mag-
nesium, the largest yield was from plots given sodium and potassium fertiliser
together with a dressing of magnesium.

Sugar beet growD on soils cootaining less than 20 ppm Mg extracted with
amrnonium nitrate usually gave a profitable response to magnesium fertiliser.
When soil magnesium was 20-35 ppm, yield of sug,ar beet on some f,elds was
ircreas€d slightly. Plants in some exp€riments had poorly-developed root
syste[rs and response to magnesium was then always larger than expected from
soil analysis.

16.17 DRAyco'rr, A. P. & LAsr, P. J. (1970) Effect of previous cropphg and
manuring on the nitrogen fertiliser needed by sugar beet. l. ogric. Sci.,
Camb.74,147 152.

Six field experiments made between 1960 and 1968 determined the effect of
prcvious cropping aDd manuriog on the nitrogen requirement of sugiar beet.
Thrce were at Silsoe in Bedfordshire on soils developed over Irwer GreensaDd
aod Gault Clay and three were at Broom's Barn (Suffolk) on Calcareous Drift
soils over Chalk. Each experiment lasted 2 years, a preparatory crop followed
by sugar beet,

Spriog barley and potatoes were treatment crops in all the experiments and
winter wheat, a ryegrass ley and barley uodersown with trefoil were included in
the Suffolk expe meDts. Nil,0.6 or 1.2 cwt N/acre was tested on the sugar b€et
in the first thre€ experiments and 0, 0'5, 1.0 or 1.5 cwt N/acre in later ones.

All the experiments showed that previous cropping iofluenced the Ditrogeo
r€qutement of the sugar beet. There was a linear relationship (r: - 0.86)
between the amoutrt of fertiliser nitrogen given minus that removed by the
prepafiltory crop, and the quaotity of nitrogen fertiliser needed by the sugar
beet for maximum sugar yield.

Sugar be€t grown after barley or potato€s (each given 0.5 cwt N/acre) needed
on average l 0 cwt N/acre at both Broom's Bam and Silsoe for maximum sugar
yield. Sugar be€t after winter wheat or a ryegrass ley atso ne€ded l'0 cwt N/acre
at Broom's Barn, Wheu the previous crop was given 1.5 cwt N/acre,0.5 cwt/acre
sufficed for ma"rimum yield of sugar at both c€ntres; also, after plouehed-in
trefoil, sugar b€et needed only 0.5 c*t N/acre.

16.!8 DRAycorr, A. P. & (HoLLDAY, R.) (1970) Comparisons of liquid and
solid fertilisers and anhydrous ammooia for sugar boet. l. agic. Sci.,
Camb.74, 139-145.

Six field exp€riments (196H8) in Eastem England compared solid with liquid
fertiliser or anhydrous arrunonia for sugar b€et. Two glasshouse experiments
investigated the interaction betwe€n depth of placement of fertiliser and soil
moisture.

Yields of sugar were the same from broadcast solid and sprayed liquid io all
the exp€riments, but the crop took up less Ditrogen from liquid than from solid.
Thre€ experiments tested placement of liquid 4 in. to the side and either 2 in.
or 6 in. below the seed. Plants with deep-placed fertiliser consistently out-yielded
thos€ with shallow-placed fertiliser, but yields were never significatrtly different
from those with broadcast solid fertiliser. Dry matter yields of sugar boet growu
io containers indoors showed that the crop responded to deep plac€ment when
the surface soil was watered hfrequently.

With aohydrous ammonia injected during seedbed preparation, sugiar yield
and nitrogen uptake were the same as with solid fertiliser in the seedbed, aud
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w€re grEater than with a[bydrous ammonia inj€cted in the ploughed land during
early spring. A side-band injection of anhydrous ammooia before singling gave
a crop containhg as much nitrogen at harvest as, but less sugar than, nitrogen
applied ia the seedbed.

16.19 DRAycoTr, A. P., MARSH, J. A. P. & TrNKxR, P. B. H. (1970) Sodium
and potassium relatiooships in sugar b€et. L agfic. Sci,, Canb. (ll
the press.)

Three field experimetrts \yith sug,ar beet grown on a light calcareous soil tested
a wide range of amounts of sodium and potassium fertiliser with either magnesium
or nitrogea, Both sodium and potassium increased sugar yield and there was a
large negative interaction betweeD them. Magnesium also increas€d sugrar yield,
but the larger dressing of nitrogeo decreased it. Sodium, potassinm and nitrogeo
fertiliser also afrected the coDcentration of impurities in the root juic€ at harvest.

Plant samples w€re also aDalys€d in August when the crop usually cotrtains
most sodium, Sodium fertiliser greatly increased the sodium and decreased the
potassium coDceutration in tho dry matter of the tops but the composition of
the roots changed little. Potassium dressings slightly increased potassium in the
tops but did not affect the root compositioD.

Exchangeable sodium in the top soil of plots given sodium fertiliser decreased
rapidly early in the season, but inc.eas€d again from Awust, probaby because
sodium was taken up rapidly early in the summer and returned later in dead
leaves. Soil potassium decreased throughout the season on plots where potassium
was applied, but did not change on plots without potassium fertiliser; this is
explained by fixation and releas€ from non-exchangeable forms.

On this soil there was no reason to regard sodium affecting yield, other than
as a replacement for potassium, but its behaviour in the soil and effect on the
compositiotr of the plant was quit€ differeDt.

16.20 DUNNTNG, R. A. & WTNDER, c. H. (t969) Trials on the control of Dock-
ing disorder in sugar b€et; seed and row treatment with nematicides.
Proceedings of the 5th Bririth lrcecticide ald Fungicide Conference, 1969,
1,265-273.

Field trials iD 1964 and 1966 to 1969 tested .curative' and .preveDtive'us€ of
pesticides to improve glowth and yield of sugar beet, Cuative treatments, applied
as soon as possible after the crop symptoos ofDocking disorder appeared, were
of little value. Preventive treatmetrts applied during sowing on sites prone to
Docking disorder sometimes prevented neEatode rlamage and improved growth
and yield. Treating seed with pesticide, or incorporathg pesticide in the pelleting
material, partially controlled danuge. Applying greater amounts of the pesticides
as liquids or granules with the seed in the furrow was the most effective method.
Exha nitrogen in the soil improved growth. There was always a risk that s€edlings
would be injured by materials placed near tll€ seed, so trot more than about I ib
of active ingredient/acre was used. Current trials show aldicarb to be the most
cffcctive pesticide applied in the furrow with the seed.

16.21 HEATHCoTE, G. D. (1969) Notes oo some plaot bugs and predators of
aphids caught on sticky traps in sugar beet fields in southern England,
1965-48. I.I.R.B. (Jounal of the Intemqtional Institute for Sugar Beet
Research) 4, 25-29.

Many aphids were trapped although the sugar beet fields in which the traps were
sited were sprayed with aphicide. Few delphacids, piesmids or jassids, compared
with aphids, were caught aod, although memben of all these g.oups of plant
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bugs can act as virus v€ctors, only aphids are knowD to carry virus dis€ases of
sugar b€€t in England. Few individuals of some groups of ins€cts that prey upon
aphids (anthocorids, syrphids, cocrinellids, chrysopids or hemerobiids) werc
caught and, although more coccioellids thao any other predators were caught in
Juoe, most were caught after late July when the aphid population had declined.

t6.22 Scolr, R. K. 0969) The efect of sowing and harvesting dates, plant
population aDd fertilis€rs on seed yield and quality of directdrilled sugar-
beet seed crops. J. agic. Sci., Canb.73, 371385-

Sixteen field experimeots, mada &tween 1963 and 1967 on direct-drilled sug,ar-
boet s€ed crops, compared the effects of cultural practices on the yield and quality
of seod. Sowing in July gave earlier flowering and ripening thaD sowing in August
and usually increased yields, cluster size and percentage germination. Downy
mildew was sornetiEes more prevalent in late sowings.

Seed yields increased as the crop changed colour from gr€eu to yellow aod
percentage germination increased greatly as more clusters contained 'mealy'
rather tiaD 'milky' p€risp€rm. Because of natural shedding and bird damage,
seed yields then decreased and losses of 0'6 cwt/acre/day were recorded for early
rip€ning treatments. Cluster size and percentage germination cootinued to
increase while yield was decreasing. Crops ripened a month earlier in 1967, the
'earliest' year, than in 1965, the Iatest year.

Crops grown in rows 1o io. apart lodged less thao those sown 20 ilr. apart,
ripened earlier and produce4 on average, 3 cwt/acre more seed, which was
slightly smaller- Itr one experimeDt rows 5 in. apart gave similar yields but srnaller
clusters than rows l0 in. apart, Row width had little eff€ct on percentage germina-
tioD. Incrasing the distance between plants iD the row gave smaller yields with
wider spaced rows, but with narrow rows plants 6 in. and 12 in. apart yielded
more than those 2 in. apart. Yields from a platrt population of 52 200 plants/acre
were 4 c.wt/acro 8re{ter wh€n plaots were 12 in. apart in narrow (10 in.) ro[1s
rather thaE 6 in. apart in wide (20 itr.) rows. Spacing further apart in narow rows
increased seed side. In wide rows many plants 12 in. apart lodged, made secon-
dary growth and produced smatl, late maturiDg clusters, of which few germitrated.

R€spoDle to fertilis€r nitrogen applied in spring was less, and less was needed
for maximum yield on the thin Cotswold soils than orl the silty clay loam io
Lincolnshire, where it doubled yield in 1966. Phosphate and potash applied in
spring had little effect oa yield. Usually fertilisers had no efrect on cluster size
or germitration perceutages, but 1 6 cwt/acre N giveo to a late-ripening crop in
1965 decreas€d seed size and germioation.

Ramularia leaf spot, which defoliated crops in the Cotswolds, was worst oD

early sown and closely spac€d plants, and was unaffected by fertilis€r.

16.23 TTNKER, P. B. H. (1970) Fertiliser rcquirements of sugar beet on fen
peat soils. l. agic- Sci., Camb.74,7177.

Eighteen trials tested factorial combinations of N, B K aod Na fertilisers on
sugar beet over 3 yeans on deep, light peat soils in the alea surrounding the
Wash. The average yield responses to all fertilisers were very small, aud only
rarely profitable, except to sodium. Nitrogen increased yield on a few sites, but
there was no obvious way of distinguishing these, and ou ave&lger there was no
justification for using this fertiliser, which depressed sugar percentage. The difler-
etrce from earlier work, which showed good responses to P and K, is ascriH to
repeated heavy dressing of fertiliser given to these soils duriog the last two
decades.
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Soil Survey

GENERAL PAPERS

17.l A$tr"Ey, c. D. & (WnEArcRoFr, W. P.) O%9) Improvement of upland
grazing, west Greenridge, Hexham. Northambriot FarDEr, 32-35.

17.2 CRAr,rroN, C. B. (1968) Chang€s in hill vegetation revealed by s€l€ct€d
British soils. Scott- geogr. Mag. U, 17N4.

17.3 JorNsoN, P. A. (1969) Soils and land use on chalky Boulder CIay.
E. Midld Geogr. 4, 447-53.

17.4 (MuoRD, M. H., OEEN, G. W.) & Btrl-lrcK, P. (1969) Apparent
water table in soils. New York's Food s d Life Sciences,2, 18-19.

17,5 Publications on Soil Survey (1969) (Ed. D. W. Krxc). Harpendeo.

17.6 Thc Soil Survey (1969) (Ed. D. w. KrNc). Harponden.

RESARCH PAPERS

l7 -7 (BIBB! J. S.) & MACKNEY, D. (1969) Laod use capability classificatioD.
Soil Survey Technical Monograpr, No. 1. Harpenden.

A system of classifying land is described, mainly for agriculn[e, using the rela-
tively unchaugeable characters of the envirotrment, I-and is graded in seveo
capability class€s acrording to its pot€ntialiti€s and the severity of the physical
limitations affecting crop growth aDd managemeDt.

17.8 JARvIs, M. G. (1969) Terrain and soil iu north Berkshire. Geogrl J.
135, 398-403.

Th€ value of a terain map made from air photographs as au aid in soil survey
was studied in three areas of differing relief. It is concluded that such maps
ars most likely to bo of help in mapping soil associations. At larger scales,
inforrnation about the soil pattem is most likely to be obtained in drift-fr€e
iueas.

17.9 KrNG, D. W. (1969) Soils of the Luton aDd Bedford district. SorT
Suney Speciql Survey No, l. Harpenden,

A recoonaissance survey of O.S. 7th Ed. Sheet No. 147 (Luton and Bedford)
covering an area of 1800 kmzlareply in Hertfordshire and Bedfordshire. Twenty-
two soil associations are briefly described with their compotrent s€ries.

17.10 PRTTCHARD, D. T. (1969) An osmotic method for studying the suction/
moisture content relatioDships of porous materials. .r. SorT Sci, 2(),
374-83.

Zur's osmotic method was simplmed by placing 2 g samples of l-2 mm maximum
particle sizc in 6.5 mm diameter sacs of semi-permeable membrane tubing and
susp€nding these in solutions of polyethylene glvcol (PEG), molecular weight
approx, 20 000. Moistur€ content was measured daily by weighing the sacs.

PEG solutions of small pF were calibrated by hanging sacs containing water
in them, and observhg the difference between the height of the liquid surfaces
at €quitibrium. The raoge was thus extended from pF 3.H.2 to pF 1.5-4.1.
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Wettiog over the whole ratrge tak€s 8 days and dryin& from saturatioo, 16
days. Six polytheoe boxes (each holding 3.25 I of PEG), used simultaneously,
give the equivalent of wetting curves for 24 samples p€r day.

By the isopiestic method, used for comparison over the range pF 3.9.0,
nickel crucibles containing 1 g samples were panly i[uners€d in control solutioDs
of sodium chloride, in vacuum desiccators, iD a temperature controlled double
water-bath.

Structura! stability is a problem with some soils, and more durable membraoes
are desiable.

17.11 THoMAssoN, A. J. (1969) Soils of the Saffron Waldeo district. SorT
Suney Speciql Suyey No.2. Hapelden.

A reconnaissance survey of O.S. 7th Ed. Sheet No. 148 (Saffron walden),
covering an area of 1800 kmz mostly in Essex but including parts ofeast Hertford-
shire and south Cambridgeshire. Twenty-one soil associatioDs are d€scribed with
their component series.

MAPS

17.12 CnA,rrrou, C. B. (1969) Soil Map, 3rd EditioE Sheets 261 aud 262
@ridgend) I :63 360, Southampto!: OrdnaDc€ Survey.

t7.13 CRAr"nroN, C. B. 0969) Soil Map, 3rd Edition Sheet 263 (Cardiff)
1;63 3@, Southampton: Ordnance Survey.

17.14 RuDEoRrrr, C. C. (1969) Soil Map,3rd Edition Sheet I63 (Aberystq.J.th)
I : 63 360, Southampton: Ordtranc€ Survey,

17.15 RUDEFoRTH, C. C. (1969) Soil Map,3rd Edition Sheet U8 (LlaDilar)
1 : 63 360, Southampton : Ordnance Survey.

U.l6 KrNG, D. W. (1969) ReconDaissance Soil Map, 7th Edition Sheet 147
(Luton aDd Bedford) 1 :63 360, Harpenden.

17.17 THoMAssoN, A. J. (1969) Reconnaissanc€ Soil Map, Tth Edition Sheet
148 (Saffron Waldetr) I :63 360, Harpenden.
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