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PHYSICS DEPARTMENT
By B. K. Scrorrrrl

Two vacancies, one caused by the appointment of Dr. B. A. Keen
to the directorship of the East African Agriculture arrd Forestry
Research Organization ard the subsequent apPointment of Dr. R. K.
Schofield to the headship of the dePartment, and the other caused
by the appoiatment of Dr. E. W. Russell to the readership in soil
siience at Oxford, have been filled during the year. Dr. W. C. A.
Hutchinson took up his appointment in September and has since
been workiag with Dr. H. L. Penman in the field oI agricultural
meteorology. Mr. W. W. Emerson started in October to take uP
the general lines of work related to soil cultivation developed by
Dr. Russell. Mr. A. W. Taylor also joined the department in October
under a special grant Irom the Agricultural Research Council to
work directly under Dr. Schoheld in a study of the chemical potent-
ials of ions in soil. At tbe beginning of the year Mr. P. C. Owen trans-
ferred to the Botany Departmeut.

Dr. M. L. Puri completed his period as a voluntary worker and
obtained the Ph.D. degree oI London University. Mr. H. C. Aslyng
continued as a British Council Scholar, and in December was
appointed Reader in Soil Science at the Royal Veterinary and Agri-
cultural College at Copenhagen.

Dr. Schofield has served on the Joint Committee on Soils
appointed jointly by the Department ot Scientific and Industrial
Research and the Ministry of Supply. Dr. Schofield and Dr. Penman
are both members of the Technical Panel of the Land Dra.inage
Legislation Sub-.Comsittee of the Ministry of Agriculture's Central
Advisorv Water Committee. Dr. Penman served on tbe Council of
the Roy"al Meteorological Society and on the Board oI the Institute
of Physics. During July he visited Holland and lectured to the
Hyclrology Commission of the Dutch T.N.O. on Rotlamsted
researches on evaporation.

Sotl Curlverrot
DeeP Ploughing

The loss of Dr. Russell ard the transfer oI Mr. Owen, who had
assisted him irr the deep ploughing work, have restricted operations
this year to the continuation of the six-course exPeriment at
Rothamsted.

The plots which were deep ploughed this year have now been
deep ploughed three times. The soil to plough depth is now well
mixt<i, bui there is little colour diflerence between the shallow and
deepploughed plots. The only noticeable difference is the greater
stickiaess of the soil in the deepploughed plots.

As in previous years, the germination and growth oI sugar beet
was slower on the deepploughed plots, but the difierence bad
disappeared by Juae. At harvest, the deepploughed plots yielded
9.2 lons per acre of clean beet, while the shallow ploughed plots
yielded 8.6 tons per acre. Deep incorporation of phosphate Sqve al
advantage of 0.9 tons per acre. A similar efiect was found eacb
year sinie 1944 except 1948. As before, deep incorporation oL
potash \vas without efiect.
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Deep ploughing produced an iacrease in vield of Dotatoes from
5.7 to 6.7 tons per acre when potash was appiied h th; bouts. This
can be accepted as a deflnite result for this-s-ite since it has occurred
every ye_ar from the inception of the experiment in 19,14 ; but no
result_ of comparable consistency has yet been obtaiaed at any
outside centrti.

The yield of wheat was again up by I cr+t, Der acre on t_he deeo-
ploughed plots. This advantage, tlough small, appears to L
sButtcant.

Acmculrun-e.r METEoRoLocy
Cenerol

In a discussion on meteorology in axriculture. orsadzed bv the
Royal Meteorological Society, iti" a"p-"..t*"ni $;tiJ; ilt.*
ductory suryey showing thetype of statistical, bioloeic;l aDd phvsical
problems denianding 6tution. en account of tt? rsaS Hfr"ilo.
experynen-t was given to i.llustrate the possibility of estimadn[ croo
transpiration from measurements of weather iactors. The"Apri'-
cultural Meteorology lranch of the Eeteorologica.l Oftce (M.O. "19)

rs showug an encouraging interest which will orobablv taki a oract_
cal form during l95O *hen M.O. l9 hopes to Gue moritblv esti ates
of. lranspir-ation to the provincial dntres of tbe National Agri_
cultural Advisory Service.
Measulemerrls oJ etaporalion and, drainage

.-Day to day measurements of evaporation from open water, bare
soil and turf have been continued, and in the late summer apoiratus
was successfully designed to obtain continuous records. Thiiecords
obtained for the open water surface generallv show clearlv the dav
maximum and the night minimum, but theie are some inomali"i
probably causld by difierential thermal expansion rf i*i"r-""i
components. The same apparatus, used to record the fluctuation of
a water-table 2ft. below a turfed sandy soil, has given some details
cf the slow drainage referred to in l94ti. Recordsihow ouite clearlv
that this drainage begins about sunrise and continues intil nearli.,
midday when the direction of movement o{ water is reversed as thl
effect of transpiration begins to dominate the flow.

Taking advantage of the dry surruner, new cooinss have been
fitted to the drain-gauges of Lawes and Gilbert. 

"i,d 
ilrt". n., .,n"

wall of the 4Ginch gauge have been renewed in the hooe of stoooine
the leak discovered in t940. Since tbe oDeration the drainaee i;tati
(November-December) have been : -20,'6.9 inches ; 40, 6.7"inches ;
60, 6.3 incbes. The drainage from the 4Ginch sauge is now las;
than that from the 2Ginch gauge, as it should be,-bui is still not as
close to that from the @inch gauge as might be expected.
Co rol.oJ. i?igoti"" by calculation o! soil moisturc d.ef*it fromueteorological dala

Two centres were in use in 1949. On Mr, F, Secrett,s farm at
Milford there were four watering treatments :-unirrigated control
(0), futl irrigation 

-at 
Mr. Secrett's discretion (F), and iwo restricted

treatments (R and M) based on weather data iollected oD the site.
Treatment R was designed to permit the buildins up of a water
def cit of I I inches by tbe end 

-of 
Au$Bt, and wai ttrL: same as in

1948 : treatment M was designed io permit an end-of-August
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deficit of 3 inches. On the farm of Messrs. W. O. and P. O. Jolly
at KesgTave, Ipswich, there were three treatments :-O and M as
at M ford, and a third (J) determined by [Ir- Jolly- The sumner
was very dqr, the LIay to August rain being 4.4 inches at MiIIord
and 4.7 inches at Kesgrave, a:rd irrigation operations were frequent.
At MilJord, treatment F took 13.1 inches in nine applications,
R took 8.4 inches in six, and M took 6.5 inches in five ; at Kesgrave,
J took 4'1 inches in two, and M took 5.6 inches in four applications.

The summer was characterized by a severe attack of virus
disease, low sugar percentages, and a curious interaction oI watering
and nitrogen treatments, of which there were four at Milford and
three at Kesgrave. As the lowest and highest were corrrrron to both
centres, values for these are given in the Iollowing table :-
Yield oJ sugu (crtl. per aue\

TreatmentOMRFOJM
Irrigation (I) ... 0 6.5 8.5 13 0 4 5.5
Rain + I. (i!.) ... 4.5 ll l3 17.5 4.5 8.5 l0
Yield/0.4 crt.N/a 36.0 44.3 44.2 44.1 3O.2 49'8 53.6

\ l'3 crt.N/a 32.1 40.8 43.0 39.2 3l'4 42.7 44.3
The results show the benefit of irrigation in a drJr summer even

Ior a deel>rooted crop Iike sugar beet. The benefit was greatest Ior
the treatment based on weather data.

RainJdl, euaforation and. run-of for tke Stow Catihmpd
The Land Drainage I-egislation Sub-committee of the Central

Advisory Water Committee of the Ministry of Agriculture is gather-
ing inlormation tbrough its technical Panel on the efiects of land
drainage on the flow of rivers. As a part of this inquiry Dr. Penman
has examined the records of rainlail ald run-ofi for the Stour
Catcbment oyer the period 1933 to 1948. On calculating the
evaporation from mean values of meteorological observatiors taken
at nearby stations he has accounted very satis{actorily for the
di.fierence between rainfall arrd run-off ald for the chalges in ground-
water storage as exhibited by well recortls. Land drairrage has been
extensively carried out in this area since 1939 but it has been without
discemible efiect on the evaporation, and so carnot be said to have
influenced the total amount of water discharged into the Stour.

Hed balance ol the soil,
Evaporation requires latent heat and this heat G a major item

in the balance sheet of incoming and outgoing energy. The data ftir
the Stour Catchment have been studied from this angle also. The
results, which can be considered to apply to much of Southern Eng-
land, show how iacoming solar radiation is used up month by month
throughout the year. Before ard after the midsummer peak about
hall of the energy is used in evaporation (transpiration), and only
small amounts are used in warming of the soil and the air. Through-
out the year there is a faidy steady outward flow oI long-wave
radiation which, fur winter, draws its energy from the soil and aA.

In preparation for more detailed studies oI heat flow in the soil,
a set of resistance thermometers linked with automatic recording
apparatus have been installed, which will measure the soil tem1remt-
ure down to 6 feet. It is hoped that the data thus accumulated
will help to uravel the complex physics of radiation frosts.
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M icronnteorology
The thermistor brifue, described in 1948, has beer greatly used

by Dr. Broadbent to obtain records of temperature and humidity
profiles, and of wind speed among potato crops of varied spacing
over dr5r and wet soil.

LABoRAToRY WoRK
Measuren&?Lt of the volamcs ol solid,s, walet and, air in soil clod,s

It has been necessary to ma-ke further minor modifications in the
method introduced by Russell for measuring the volumes of solids,
water and air in soil clods. Using the original technique it is imposs-
ible to prevent evaporation of water from the clod during the series
of manipulations, and it is difrcult to estimate the errors tbis may
cause. A redesign o{ the appamtus practically eliminates this source
of error. Further tests will be carried out.
Valour fressure of a4ueoas solutions

It has been dificult to decide which set of measurements to take
as the standard for accurate evaluation of aqueous vapour pressures.
Between 98 per cent. relative vapour pressure and saturation-the
range of greatest signiicance in soil and plant studies-the values
for solutions of NaCl and KC1 shoutd be obtained very accuratelv
from measurements oI the E.M.F. of concentration 

"'"Ur. 
Dir."i

vapour pressue measurements have not yet been made with sufic-
ient accuracy to serve as a check, but there are numerous published
results giving the concentrations of isopiestic solutions with high
precision. A comparison shows that either the E.M.F. values for
NaCl or those for KCI must be less exact than their intemal con-
sistency would lead one to expect, and a search is being made for a
criterion that will reyeal which set of data is the more reliable.

Provisionally the E.M.F. measurements for NaC[ are being used
in preference to those Ior KCl, and tables have been drawn up
relating the molality of NaCl solutions to vertical height in metres,
which express the amount by which the potential of water in the
solution is lower than that of pule water at the same temperature.
These tables are being used in the study of environmental Iactors
influencing seed germination which the Botany Department is
carrying out with the co-operation of the Physics Department.
Careful consideration has been given to the design of the temperaturc
regulators of the double theimostat tank used Ior this work. The
a?paratus is very satisfactory in that no short period temprature
fluctuation that would disturb the relative vapour pressure of the
seeds' environment can be detected with a thermometer sensitive
to 0.001"C.
Thichness of uater llms

An apparatus for the measurement of the thickness of water
films on mica was set up and some preliminary work carried out.
Fotlowing the Russian work, a hydrogen bubbte is pressed a"qainst
a mica plate irnmersed in a solution of an electrolyte. The ihi;kness
of the phase film over the area of " contact " of the bubble is
estimated by comparison oI its light transmission with that of the
surrounding Newton ring system. The comparisou can be made
directly by means of a suitable light-sensitiye cell rnounted on a
travelling microscope. Owing to ttre lack of a suitable microscope
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the method now being tried is a photographic one, which should
at least bave one advantage in giving a permanent record of each
experiment. The necessary comparisons of the light intensities can
be lound by using a micro-photometer, and the bubble size by direct
measurements on the photogmphic p1ate.

Thernwd.ynamic lotentials of soil, cottslituents
Considerable- progress has been made in the development oI

methods for determining the thermodynamic potentials oI nutrients
and otber subslances in soils. Where, as in soil, we are dealing with
electrically charged particles it is difficult to define the potential of
any single ionic ionsiituent. We can ,however, define the di-fference
of 

-poteitial 
between electrically equivalent quantities of two cationic

or bf two anionic components, or the sum oI the potentials of electric-
ally equivalent quandties o{ two components, one cationic and the
otlier ioionic. Thus the pH of a soiJ. suspension is not, in itself, a
characteristic of the soi1, inasmuch as it depends on the salt con-
centration, whether set up merely as a consequence of shaking up
a soil sample in distilled water, or deliberately produced by the
addition oi CaCl2. On the other hand, the difference of potential
expressed by pH - ]pCa has a definite value for a soil sample
independent ofsalt concentration uP to about N/50. We expect this
prinaiple to apply to any pair of cations, and one of the tasks ahead
is to demonstrate this.

Particular attention has been paid to phospbate, and it has been
tound that the potential sum represented by {pCa f pEiPOl is
independeut of eaCI2 concentration up to 0'01 molar. Values so

far 6btained range fiom 5'5 for soils liberally dressed with super-
phosphate to 8't{or soits or which aI1 crops fail unless- phosPhat€
is up'ptied. Fortunately these potentials can be rapidJy determined,
and it is hoped that tiey will provide a surer basis Ior advice on
phosphate manuring than any oI the conventional methods bitherto
employed.
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CHEMISTRY DEPARTMENT
By E. M. CRowTEER

FERTTLTZER Exprnrurxrs
Much of the work of the department is concerned with the

analysis of problems of soil fertility ard manuring by combining
investigations in the laboratory, pot culture house and field experi-
nents. Manurial experiments on sugar beet have been conductad in
colla.boration with the agriculturists oI the sugar beet factories at
some ty/enty centres each year since 1933, and the responses to
Iertilizers have been comparcd with those of laboratory examinations
of soil samples takeu before the fertilizers were applied to the plots.
In many of the years leaf and root sa.mples have been examined at
the end of the growing season. This series of field experiments a"nd
an additional one on altemative forms of nitrogen fertilizers were
continued in 1949. Arrangements for future experiments on this
crop are under review.

In a much smaller series of experiments in co-operation with
the stafi oI the Home Grown Threshed Peas Joint Committee and
the National Agricultural Advisory Service from 1946 to 1949, the
ayerage responses to nitrogen and phosphate fertilizers were trivial
and those to potassium fertil.izer were profitable only on soils
deEcient in readily soluble potassium. Thus, grouping ihe experi-
mental centres by soil analyses made by a rapid method in which
the soil was extracted for one minute with 0.3 N.HCI the average
responses to potassium fertilizer were :

Readily soluble
potassium in soil

lr,g. K2Oo/"
Low Gs
Medium . ... 7-8
High Over 8

cwt. additional peas per
No. of acre from 2 .wt

experiments muriate oI potash
Per acre

7 2.1
5 0.3

13 -0.1
In these experiments the fertilizers were applied broadcast shortly
before sowing. With this method of application there is [ttl;
justification for ma-nuring peas, except where acute potassium defc-
iency is suspected. It wiU be shown in a later section of this report
that suitably placed fertilizers may give good responses where
broadcast fertilizers fail.

For many years manurial experiments designed and analysed
at Rothamsted have been carried out on tropical plaltation crops.
In one series started on newly budded rubber i-n Malaya in 1934 a.nd
supervised by Dr. W. B. Haines, 6rorth in girth showed marked and
very rapid responses [o ammonium sulphate and mineral pbosphate
but not to sulphate of potash. The trees with nitrogen and phos-
phate were ready for tapping many months before the untreated
trees. In 1948 and 1949 it was possible to remeasure the girths of
the trees and to obtain several rounds of sample-tappir:gs from two
of the experiments, which had, of course, had no further treatment
or attention after 1940. In one experiment the number of tappable

. trees was least on plots which had received no nitrogen or'irhos-
phate Irom 1934 ; there was a siguificant increase in the yield of
latex from the ea.rlier nitrogen dressings on plots which had also
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received phosphate. In another experiment on a different estate the
numbers of tappable trees and the yields o{ latex per tree tapped
were higher on plots which had received rnineral phosphate from
1934 to 1940. These reults provide an interesting example oI the way
in which suitable manuring in the early stages of the growth of
trees may show improyements over long periods.

In experiments otr both mature and newly planted oil palm
started irr 1940 h two estates in Nigeria and one in the Belgian
Congo, the efiects of nitrogen, phosphate and potassium fertilizers
were small and irregular in the early years, partly because it was not
possible to maintain regular manurial dressings during the war.
Progressive changes with time showed, hoy/ever, moderate improve-
ments from potassium fertitizer in several experiments and small
improvements from nitrogen. In most of the experiments, including
those started at the time of planting, there were uegligible efiects
from phosphate fertilizers. Signficarrt improvernents in yield from
phosphate were obtained only on a single kind of soil at one of
the three estates.

Since 1945 several members of the department have co-operated
with the Research Division of the Forestry Commission in investiga-
tions on nutrition problems in forest nurseries. A general summary
of the principal findings is given in a separate section of this Report.

Phosphate Jerlilizers
It is well known that superphosphate may have relatively small

residual efiects on certain kinds of soi1, especially very acid ones,
and it is often assumed that other kinds of phosphate fertilizer are
therefore to be preferred on these soils. Although we have not yet
been able to make long-term experiments to measure the residual
value of difierent kinds of phosphate fertilizers on acid soils, we
have had a number oI experiments in which superphosPhate has
given excellent results on acid soils in the year of application. Of the
iltemative kinds of fenilizer tested only silicophosphate has given
higher yields and phosphate recoveries thar superphosphate, and
the superiority was very small. Very good results have been obtained
from -uperptiosphate in forest nursedes and forests, even on acid
soils, and sometimes the advaltage from superphosphate has been
outstanding in comparison with Bessemer basic slag and ground
mineral phosphate. These results are consistent with the view that a
special merit of water-soluble phosphate applied at or shortly belore
sowing is to stimulate early root growth arrd establishment, which
may be of the greatest importance in dry springs. This feature of
soluble phosphate fertilizErs can be futly exploited where sate
methods can be fouud for placing the Iertilizer close to the seed.
It may then become possible to rely on moderate annual applications
instetd oI attempting to build up large reserves in the soi1. There are
other conditious in thich it may be desirable to maintain a continued
supply oI available phosphate over longer periods. Some possible
methods are being tested. Newly planted Iorest trees have rec€ived
compound fertiliier (So/oN, l0'/" P2Os, so| K2O) compressed into
one-ounce pellets, one on each side of the tree. SoEewhat unexPect-
edlv it was-lound that during the drought of 1949 over 90 per cent of
the nitrogen, phosphorus and potassium had difiused out of the
pellets after a Ibw months. The pellets appeared uncha.nged but they
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retained little but gypsum, dthough these observations suggest
that the pellets may not act slowly enough for the pu4rose intended,
the rapid outward diffusion of the soluble salts may reassure farmers
who doubt the activity of graaular fertilizers when they fiad appar-
ently unaltered granules at the end of a season. To slow down the
rate of action of phosphate granules or pellets it may be necessar1.
to select relatively insoluble ingredients. Another method under test
is to mL< superphosphate with bulky organic materials, such as
chafied green bracken, with the object of producing a less soluble
calcium phosphate within the pieces of organic matter. Such material
might remain accessible to plant roots but be brought only slowly
into conta.ct with the soil.
Long-term residual efects of sulerfkoslhate and. farmyard rwnure

An account is given in the Field Experiments section of this
Report of the striking residual efiects sho\tr'n in the Hoos Field Ex-
haustion Land in the barley crop of 1949. Plots which had received
either superphosphate or farmyard manure for many years belore
1901 but none sirce gave fair barley crops whilst those which had
received no phosphate in the wheat and potato experiments before
1901 showed most acute symptoms oI phosphate deficiency. Plant
samples taken on 14th May 1949 gave the following yielG and
analyses.

Treatment Dry matter P2O5o/" ot P2O5 in crop
before l90l cwt. per acre dry matter cwts. per acre

\o phosphate 1.1 0.32 0.004
Superphosphate 3.4 0.48 0.0fG
Farmyard manure ... 5.4 O.57 0'031

The fact that the phosphoric acid percentage increased regularly
with the yield suggested that available phosphate was the principal
controlling factor. The extra phosphate content on the better plots
with manurial residues amounted, however, ody to from I to 3 lb.
P2O5 per acre. Analyses for readily soluble soii phosphate showed
differences over a tenfold range. The yields of barley followed the
soil analyses quite well, except that plots without potassium before
l90l gave poorer plants for a given level of soilphosphate than those
with either farmyard manure or potassium suJpbate before 1901.
This shows a residual benefit from potassium Iertilizer. Samples
taken on the same day lrom the perrranent barley plots in the same
field gave about 0.60/o P2O5 in the dry matter for plots without
superphosphate and from 0.8 to 1.0% P2O5 in the dry matter from
plots with superphosphate every year. Another experiment in the
same field shows that the residual efiect of superphosphate in this
slightly calcareous soil Ialls ofi only very slowly from the second to
the fifth year after application. The observations on the exhaustion
land show that a small fraction of added phosphate a-nd potassiurn
may remain available lor many years.
Rate of action oJ nitrogenous fe ilisers

Crop residues, farmyard manure and composts may liberate
available nitrogen over many months, whilst most nitrogen fertili-
zers, including such organic materials as dried blood and crusbed
boof, act very rapidly, This may allow serious losses of nitrate by
leaching, and in very acid soils even ammonium may be lost. For
many crops growth might be steadier and manurial practice
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simplified if slowly acting nitrogen Iertilizers could be prepared.
Among the waste products we have tested the best results har': been
obtained from a plastic waste derived from formalized casein. Even
slower ard more prolonged action has been obtained in pots from
crushed hoof which was inactivated by treatment with
formaldehyde. A number of s1mthetic products, including several
batches of urea-formaldehyde condensation products, have been
tested. The rates of action have beea assessed from pot experiments
on repeatedly cut perennial ryegrass, the efiects of dressings
incorporated in the soil at the beginning of the experiment being
compared with graded dressi.ngs of urea applied as topdressings in
tactorial combinations on three occasions- In this way it is possible
to assess the amount of available nitrogen supplied at different
stages in the growth of.the crop and to reduce the disturbarce from
the delayed response of the crop to nitrogen absorbed at ar earlier
stage. The absolute amounts of slowly available nitrogen obtained
from any of the fonns tested was small by comparison with the
amounts of rapidly available nitrogen. No material tested gave
results comparable with the same total aEount of aitrogen applied
in repeated dressilgs of a soluble form. For a given amount of
early go$th the amount of late groxth increased in the order:
urea, hoof, urea-Iormaldehyde products, Iormalized casein, for-
malized hoof. The results confirmed American findings that for
urea-formaldehyde products both the early and the late supplies of
available nitrogen increased with a conventional estimate of the
"soluble nitrogen " in the product. It appears that much more
experimental work will be required on the production and testing
of ureatormaldehyde products before commercially useful materials
can be prepared.

F ertilizer placement
Experiments comparing fertilizer placed near the seed with that

broadcast were carried out in 19,18 on sugar beet, mangolds and
threshed peas. Two methods of broadcasting fertilizer were tested.
Early dressings applied after ploughing were worked deeply into the
soil by the cultivations given in preparing the seedb€d. Late
dressings were applied to the seedbed and were harrowed in
shallowly. Fertilizer was placed three inches below the soil surface
in bands at one inch ard at three inches to the side oI the seed.

Heavy dressings placed one inch to the side of the seed damaged
the germination of sugar beet, mangolds and 1xas; bands three
inches to the side of the seed were safe. Complete dressings of
fertilizer for row crops should be placed not less than two iaches to
the side of the seed.

National Compound Fertilizer No. 2 (9o/oN, ?'5o/o PzO94'5o/o
K2O) gave similar lelds of sugar beet and mangolds when broadcast
and when placed i! bands at safe d.istances to the side of the seed.
For such crops grown on average soils tlere is no advaltage from
placiog {ertilizer beside the seed except that the labour involved in
applying the fertilizer separately is saved. Further experiments tr
1949 haye compared a phospha-te-potash fertilizer (15o/o P20s,l1yo
K20) broadcast and placed in a band two inches to the side of the
seed. Preliminary results show that placed and broadcast lertilizer
have again givea similar yields.
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Phosphate-potash fertilizer (10% P2O 5,2OyoK2Ol was applied in
experiments on threshed peas.in 1948. Bands placed atlhe side
oI tbe seed gave consistently higher yields than ihe same quantitv
of fertilizer broadcast. Early dressings worked deeply into-the soil
gave slightly higher yields than dressings broadcast bn the seedbed.
rn 1949 a phosphate-potash fertilizer ([Syo Pzo,s,1gyo K2O) applied
three inches below the soil surface and two inih& to ihe;ae;i the
seed gave consistently higher yields than the same qua-ntity of
broadcast fertilizer. Tbe average rrlra yields of threshed peas irom
placing as compared with broadcasting 4.S cltrt. of feriilizer per
acre in experiments over three years were

extra yield of peas

1947 a exp€riments .. -- .. "*t'fd "*"
1948 5 experiments .. .: .. 2.2
1949 6 experiments .. l.s

One experiment in 19{9 on peas picked preen for canning save
higher yields lrom placing tlan irom droadcasting feriilLer.
Placement- was also superior to broadcasting in three dxperiments
on spring beans.

R roroectrr Tnecrns
Duriag 1949 apparatus was assembled and standardized for

using radiotracers i" soil and fertilizer investigations. Work else-
where on the uptake of nutrients from soils foa adaeO fertilizers
had revealed some uncertainties in the interpretation of results of
e-xperiments with radiotracers as indicators through possible
damage to plants by radiation and also through isotop,-ic eichanse
between soil phosphate and added phosphati. It fas therefdre
decided to begrn by examining isot6pic 

-exchange 
phenomena in

simpler systems before proceeding t6 experimeits'on soils aad
plants. With anion exchange rdins and preparations of basic
calcium phosphate exchange iith added phdohite oroceeded verv
rapidly, equilibria beint atfained within a'day'or so. ' \l'ith coarseli
cryst"lline fluorapatite-the exchange, though- much slower, was stiil
appreciable. Estimates of the apparent surface for exchange were
about ten times that calculated from the size of the irvstals.
M€asurements of the speed and extent of isotopic exihange
distinguisb sharply between coarselv and finelJ crvst^I;,id
materials, and thus ofier means for coniparing the sui{ace"activities
of preparations of calcium pbosDhates and 6ther materials likelv
to be involved in the bebavi;ur oi fertilizer products in soils.

Sorr Oncerrc Merrrn
Earler work oE the extraction of organic matter from soils

and_lhe_nature of tbe organic nitrogen in'soils was prepared for
publication. It had beei shown th-'at at least one-ihirlcl of the
organic nitrog-en of soils was in the form of protein. The amino-
acid composition of soil hydrolysates has beelstudied bv the oaoer
chromatography tech-nique and the following amino-acidi iaentifiid ;
aspartic and glutamic acids, serine, threouine. slvcine. alanine.
valine, leucine, isoleucine, proline, hydroxproline, arffi ine, histidine,
lysine, phenylalanine, tyr-osine, B-ilanioi, a-aminin-buivric acid
and y-aminobutl'ric acid. In addition, glucosa^mine 

-and 
an
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uDidentified substance giving a purple colour with ninhydrin have
been detected. Preliminarv investigations suggest that the latter
is aediaminopimelic acid. Results so far obtained indicate that
the amino-acid composition o{ the protein material in different
soils is substantially the same. No free amino-acids have been
detected in any of the soils studied.

The paper chmmatography technique has also been employed
in preliminary work on the nitrogen metabolism of soil and in a
comparison of the amino-acid composition o{ fresh and rotted
straws.

MercexBsB exn Copprn rx SoLs
In pot experiments on a fen soil low in total manganes€ the

addition of small amounts of molybdate to the soil gave a consider-
able proportiotr of peas showing "Marsh Spot" under conditions in
which untreated soil gave healthy peas. In a later experiment on a
mineral soil low in total mangarese healthy peas were obtahed
whether or not molybdate was added. It is possible that the efiect
of molybdate on the Ien soil involved an inqease in the ratio oI
soluble nitrogen to manganes€ in the plant, as earlier experiments
had shown that "Marsh Spot" could be made more severe by inject-
ing simple nitrogen compounds into plants. In pot experiments
copper and mirogiurese added on the surface of Ien soils were held
aknost completely in the top centimetre or so of the soil. These
results 'illustrate the firmness with which copper and manganese
are retained in organic soils.

Neutral pyrophosphate extracts of organic soils when diluted
with additional neutral p)rrophosphate dissolve relatively large
quantities of manganese wheu treated with marganese dioxide. In
one case the neutral py'rophosphate extract corresponding to 1 8.
of a fen soil dissolved 0.1 g. of manganese.

Sorr Rracrrox
In an experiment on difierent amounts of chalk on a very acid

light sandy soil at Tunstall, East Sussex, quite small dressings
(1 ton CaCO3 per acre) suftced to give good crops of sugar beet so
long as the nitrogen dressings were in the form of sodium nitrate.
From 1941 onwards the sodium oitrate was replaced by ammonium
sulphate and the yields o{ sugar beet and the pH values of the surface
soils rapidly fell. Over the whole period of the experiment good
yields were obtained on plots with surface pH values of 5.5 and over.
In the early years the sugar beet failed when the surface soil had pH
values around 5.0 but towards the end of the experiment there were
moderate crops on plots with these rrery low pH values. The
difierence is due to the circumstances that in the early years the pH
values of subsofu were low but in the later years the subsoils on the
Iimed plots had relatively high pH values and exchangeable calcium
contents through the leaching of calcium from the added chalk.

For some purposes, e.g. for growiag lime-sensitive crops or for
increasing the availability of certain micronutrients, it may be
necessary to acidify field soils. A number of experiments have been
made with such materials as sulphuric acid, aluminium sulphate,
sulphur and arnmonium $Iphate. For the first year or so after.
treatment there is a risk of damage to certain sensitive species lrom
the residues of some oI these materials, especially in dry seasons.
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Experiments are in progress to discover what interval must be
allowed for safety under various conditions.
GENERAL

Papers and reports dealing with the results oI field exFriments
on crop rotations ard manuring were prepared for two international
conferences and Ior other discussions on fertilizer policy.

ANALYTIcAT
A large amount of time was devoted during the year to trans-

ferring the vast collection o{ samples of soils and crops built up over
a century from the old sample house near the laboratory to a new
one in the outbuildings to the Rothamsted Manor.

As the first crolx were cut in the new arableJey rotation experi-
ments at Rothamsted much time was devoted to devisiog satis-
factory methods lor handling and analysing the samples- C,ompli-
cations frequently arise in newly established leys and under rcme
conditions in old yxrmanent $ass tbmugh the iaclusion of appreciable
quantities of soil in samples cut by a rotary scJ.the.

For periodic aoalyses of feld and pot soils satisfactory results
were obtained by rapid methotls of analysis for nitrate by a brucine
colorimetric test and Ior ammonia by nesslerising the ammonia
collected in a Conway diffusion unit.

In the colorimetric determination ol phosphorus by the stannous
chloride-ammonium molybdate method, the solution containing
phosphorus as orthophosphate must be free from ion. The tedious
separation of iron by precipitating and filtering may be avoided by
using Zeokarb 216, a cation exchange resin. Ferric iron is retained
by the exchaage material whGt the phosphate passes though
completely and may be determined colorimetrically in the leachate
without further treatment.

Low results in the micro-determination of fluorine by titrating
with thorium aitrate may be caused by some of the fluorine being
present as fluosilicate ion, SiF", after separation of fluorine from
interfering ions by distillation from sulphuric or perchloric acid.
The fluosilicate ion does not Iorm an uoiooized compound with
thorium as fluoride does. It was Iound that this eror could be
avoided by carrying out the titration in a 50 per cent. alcoholic
system bufiered at pH 5.3 using gallocyanine indicator.
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PEDOLOGY DEPARTMENT
By A. MurR

Weernrnrxc on Rocxs AND MINERALS

During the year work was continued on the rocks and soils of
the Malveirn Hiils. In the case oI the soil derived from biotitite it
has been shown that the clay mineral present represents a mixed
cNorite-vermiculite structure. This is the first rcport oI such a
mineral type forming an essential part of the colloid fraction of a
soil, altho'rfutr the exi"stence of such'a structure had been ,suggested'
and later virified for larger crystals by Barshad in Califomia. In
the Malvem soil (of low-pH) [he predominantly chloritic 4aterial
of the weathered rock passes into a vericulitic material in the soil,
the transition taking place both h the coarse flakes o{ weathered
biotite and in the clay, although the process does not seem to be
quite the same for tbe two t5ryes of material. An interesting Point is
tiat even in the upper soil horizon there was very )ittle true vermi-
culite pres€nt, moi[ of it existing in mixedJayer mineials. On ihe
basis of these observations it is suggested that there is a complete
ranee of intermediate minerals between chlorite and vermiculite and
an ixplanation of the possible means of transition can be given'

Crlv MrNrner Sruoms
A start has been made il a survey of the clay mineralogy of a

large number of sedimentary rocks from various Parts of England and
Wies. In particular, several samples oI Keuper Marl deposits
have been eiamined, and the geniral presence of the chtoritic
components mentioned ir last yiar's report has been confrrmed.
(S€e abstracts under Stephen and MacEwan, 1950). Analyses have
also been made of soit clivs from the Middte East and East Africa.

In connection with the expansion oI X-ray diEraction work in
the department, au experimenial dasign for a gas X-ray set suitable
for mineralogical work has been evolved and this is now being
constructed.

Work on surlace and interlamellar absorptiol by clay minerals
and related substances, from solution, has been commenced by
Mr. R. Greene-Kelly under a special A.R.C' grant.

Absorplion complexes of a-zinc hydroride
ln extendins the work on this subiect it has beetr found that

reDlacement of ibsorbed Naphthol Yetlow anions can be efiected by
inlreanic and aromatic anibns. The kinetics of such exchange is
soec"ifrc for each anion. For halide anions, the rate of replacement
f6[ows the series F> Ct-> > Br-. The rate oI replacement with
I- is imperceptible (if there is any) even at elevated tempemtures
(70'C). 'Onlv the ;hloride exchinge experiment resulted in the
ionversion oi the primary dye complex into a flake of structure
similar to the a-form of Zn(OH)2 from ZnCl2 solutions-

Anion exchange wilt, olhel dyestufis proved oI greater interest.
Three dvestufis, of which two could not be induced to form primary
comoleies with cr-Zn(OH)r due to low solubilitv or high molecular
weie'ht. were interacted u'iih a flake oI the primary complex. In all
casis, the cbange in the basal spacings was consistent with a rePlace-

D
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ment of napbthol yellow anions; in two cases the observed spacings
could be quantitatively predicted Irom a calculation of the ireas 6f
the dyestufis molecules. This is, so far, the onlv proof (indirect
a-s it is) of the uptake of dyestuff in layers. All atiempts t; induce
preferr_ed orientation in the primary naphthol yelow complex
(including pressure treatment of some hundred atmospheres) were
unsuccessful, and direct prool of layer absorption of dyestrifis by
X-ray rrethods could not be obtairied.

The conditions _necessary for the production of the expanding
type of the naphrhol yellow primaryr complex mentioned in t-beAnnual
Repgr_t fol 1948 _were investigated; dyistuff concentration du.ring
precipitation and the extent oI washing were fourd to be thL
critical factors.

-. --Subsequently, a host of complexes bas been prepared with
difierent organic anions with a view to ascertaining whai particular
structural characteristics in the absorbed organic anions encourase
the forrnation of stable well-oriented prirn'ary complexes. Tf,e
occurrence of substituent nitro- or nitroso- srouDs. Dreferablv in
ortho- or para- configuration with -OH groups, ieemls io'be condricive
to their formation, sugBesting a modified chelate bonding on the
zinc hyilroxide surfaces. Highly oriented and crystalline precipitates
can be formed in this way, the effect being heightened Uy precipit-
ation at higher temperatuies. The temlxraiure"efiect is ldsimarled
on complexes with lg_ger organic anions or molecules containing a
greater Dumber of NO2 groups.

Analyses oI X-ray powder diagrams and uni-dimensional Fourier
analyses of (001) reflections io oriented flake diagrams of some of
these complexes reveals the uptake of the organiC anions in lavers.
The Fourier analyses suggest the Iormation of ZnIOH;, layers 

-l*ith
three sheets of (OH) groups in each layer rather tian l-wo'as in the
brucrte structure.
Loca.lior oJ adsotbcd ions axd. molecules on ntonbnolillottite

This work has now been completed, and tie resultant Fourier
curves show two interesting points. Firstly, the exchangeable cations
in the montmorillonite-glycerol complex iake up a position midwav
between the inorganic liylrs of the ririneral. Seioncily, the structur"e
of the inorganic layers of montmorillonite is in accordance with that
proposed by Hofmann rather than that suggested by Edelman.

A similar study is now being made witbliectorite, a trioctahedral
montmorillonoid. This is not yet complete, but the Fourier curves
confrm the Hoftnann structure for the montmorillonoids.

I erdralifed cky minads
Work in the department and elsewhere has show:r that randomlv

interstratified day minerals are fairly common in soil clavs. To
facilitate their identification the itrtensitv and distribuiion of
scattered X-radiation from a number of tfies has been calculated
using the formula derived by Heudricks and Teller (J. Chem. Phvs.,
1942,lO,147). The types cbosen were those most likely to be encount-
ered in practice and the results will prove of great value.

Srrcrnocn r.psrc Wonr
Work has begun on the investigation of tie Mo content of soils,

and working curyes for its determination have been derived. It is
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alread.v well known that certain soils derived from the lower Lias
have i.bnormallv hish Mo conteuts and it is hoped that some

information will- be ;btained on the general distribution of Mo in
difierent tlry€s of soil. The Mo content of most soils appears to be
oI the ordei of a few Parts Per million orily, which is near the
spectroscopic limit of detection.

Some analyses for Mo have been done for the Botany DePartment
on samples of lettuce from water culture experiments.

The routine analvsis bv the Lundegardh method has been going
satisfa.ctorilv. Som6 4OO samples, minly soils sent in by the soil
survevors. fiave been analvsed for the exchangeable ions, K, Na,
Ca. Iie, Sr and Mn. Some determinations of Mn have also been

carried' out on wild oat samples Ior the Botany DePartment.

GLEvrxc rx So[s
The studv of artificiallv produced gleying on incubating soil

material in sirgar media ha-i been continued. Determinations have
been made ofihe residual sugar and Ierrous iron contents oI the
Iermentation solutions, as meiures of the rate of microbial growth
and of the gleying reaction respectively. In srrch experiments not
or v the susar, but also tbe iron curves, are ol slgmord lorm' suggest-

ing"a microibial process as the ratedetermining factor in the process

of gleying.
Exueriments have been made usi-ng grass or leaves in place ol

dextroie as the source of energy, thereby simulating soil conditions
more closelv. It has been found that under these conditions the
results are iomparable with those obtained in sugar fermentations,
both in the extint and rapidity oI the Process.

The aliohatic acids produced in the sugar fermentations form
complexes'with ferric ir6n. As the published data on the ccmposi-
tion o[ these comPlexes do not agree rn certaE msta.uces, a numDer
oI redeterminations have been attempted by Potentiometric and
conductrimetric titrations-the methods used il general, by previous
investisators. As a solution of a ferric salt is strongly hydrolyzed and
conseqientlv hiehlv acid, it has generally been found necessary to
emolo^v sotuiioni oi the sodium salts of the organic acids in order to
obt'airi a oH value sufficientlv high to allow complex formation to
.r"",.,r. T^hus durine titral.ion, the pH varies between wide timits,
often bv as much is { or 5 units. In addition to the direct efiect
oI the iH on the ouantitv being measured, the rclationship between
in" oli and the sAb itv-of the particular complex must be consid-
eredl Thus if during the titration of the sodium salt with a ferric
solution. the pH fall's to a value at which appreciable dissociation
of the comoiex conurlences, the concentration oi Fd in the
solution witf ilcrease, regardless of any consideration of the stoi-
chiometric end-point of the complex formation. Hence. the ratio
F6 iorsanic acid. as determined bv the point of inflection in the
.""iriiental titration curve, will 

-be 
a function of the initiat PH

ofihe solution titrated, the pH of the titrant, and the dissociation
.rf the comolex as a function of pH, as we[.[ as of the theoretical
comoositiori of the complex. Should the complex be stable at low
oH ialues, only the last iactor will be operative. This is the probable
explanation foi the agreement of difierent workers on some systems,

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-1-71 pp 17

40

while the preceding factors, no doubt, are the cause of the non-
accordance of results for other, less stable systerns.

Bro-cEocHEulsrRy oF AruuINruM
Aluminium accumulators were found to be far more widespread

than was hitherto knowtr. Vast areas of tropical rain-foresti and
secondary grorvt}t conta.itr a large proportion--often pure staDds-
of Al-accumulating trees and shlrubs. The effect of a cbntinuous fall
of leaves rich in aluminium on tropical soil formation is beine
st_udied. A pretiminary analysis of 40 feaf samples from the CaucasG
which were supposed to be aluminium rich did not reveal abnormal
amounts of this element. Only a small Dart of the comDarativelv
high total of the aluminium content of tipsoils in this rleion cai
therefore be ascribed to presentday vegetation.

Since the tea-bush is itre Uest trirowri' alumiaium olant it was
chosen for detailed study. From the analyses of over'300 samples
from Ceylon and East Airica,ihe f;il*i"s';;;;;;;;;""rffi": -1-+r
!. The.Al content- is very low in the growing parts but increases

continuously^ with a6e, rising to moie thai i7,000 p.p.m. from
less than 100 p.p.m.

2. Phosphorus uptake is normal in a healthy tea-bush and its
mobility is unafiected by the aluminium.3. Tbe tea-bush probably holds the record for hieh Mn content
$'ithout toxicity sl.mptoms; healthv leaves riav contain as
much as 10,000 p.p,m. Mn. It is conieivable that"the Dresence
of similar amounts of Al protect tbe leaf tissue from Mridama-se
which would certainly ociur in plants which are not aluminiui-
accumulators.
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SOIL MICROBIOLOGY
DEPARTMENT

By H. G. Tnonxroll

Wom ox rEE SorL MIcRoPoPULATIoN

Relation of microscofe b plale counls of t ticroorgarisms in soil
The d6velopment of a;tatisticalty satisfactory method Ior count-

ine bacterial cills in soil bv microsiope counts has ra.ised an issue
of" fundamental importanie to soil 

-microbiology, owing to the
finding that microsc-ope counts give estimat-ed numbers many times
hieher'than plate counts, which suggests the possibility that only
a imall fract'ion of the soil's bacterial flora [as been studied by
Dlatinss and by isolations from plate colonies. The application of

riicroscopi method to the istimation of fungal mycelium in-

soil provides ihe only edsting method of assessing the quantity of
fung'al material present in soit as mycelium, so that here also a comP
arison of such estimates with plate counts becomes irDPortant.

With regard to bacteria it seemed desi.rable in the first instance
to obtain dita as to the ratios of microscope to Plate counts from a
wide range of soils and also from samples taken -at intervals {rom
differentf manured Plots. The help-of the- National Agricultural
Advisorv'Service bacteriologists has been obtained in this survey
from difterent soil types and the results which they are obtaining
are being received and collated.

Couttls of mictoorganisms from Broadbalh phk
As mentioned in the previous report, counts of various groups of

microorganisms were made from samples taken -Irom some of the
Broadbalk plots during 1948' The obiects of this survey were Dot
onlv to conipare microicope and plate counts but also to assess by
preient day-methods the affects of organic and arti.ficial manuring
on the soil micropopulation.

The microscope counts of bacterial cells and actinomlcete-sPores
were significantly correlated r /ith soil moisture and with numbers of

, actinoriycete coionies appearing on Plates, blt not with bacterial
colonies. On Plot 2 (F.V.M.) the toial len6h of fungal mycelium
lound by microscopic examination was significantly correlated with
numbers of fungal colonies on plots'

Microscope counb o{ bacterial cells and actinomycete spores,
and plate co-unts oI bacterial and actinom-ycete -colonies-both-gay9
high6r numbers on Plot 2 (F.Y.M.) than thos€ obtained fron Plot 3
(uimanured) or Plot 7 (comPlete nrinerals and ammonium su^plhate)

which were about equal. Manurial treatment did not significantly
afiect the total lengths of mycelium found by microscopic- examina-
tion, but both Plot: 2 atrd 7 gave higher plate coutrts oI fungi than
did the unmanured PIot 3. The numbers of amoeb:e fourd in Plots 2
and 7 were not signficautly difierent but both were higher than those
found in Plot 3.

This suwey of Broadbalk Plots w-as carried out-by- a team of
workers (Dr- janet Mollison, Dr. B. N. Singh, Mr. P. C. T. Jones
and Mr. F. A. Skinner).
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Partial sterilization
A fie1d -experiment on the efiect of partiat sterilization in a

"11r*ry 
beg for Sitka Spruce was carried out at Ampthill, Bedford-

shire, by_the Chemistry Department during 1949. ihe Soil Micro-
biology De_partment made a study of the-micropopulation of soil
samples taken from certain oI these plots at interats throughout
the season. The results are not yet complete but indicate sGking
and persistent changes following [he partiil sterilization. (Dr. Janei
Uollison, Miss Letti& Crump, G. B. i{. Sinsh and Mr. p. C. T. jones
have been engaged on this iurvey).
Antibiotic

The possibi.lity of using microorgauisms that produce antibiotic
secretrons to controt root disease fungi is being studied by Mr. F. A.
Skinaer_ir the special case of actinoinycetes-antibiotic igainst the
fitngus Fusarium. W}ten such actiaoitycetes are srown-with the
fungus on plates of washed agar and ririneral salG alone grorth .+.
occurs but there is usually little or no evidence of antibiotic iction,
such action is however induced by the addition of glucose even in
quite low concentrations. Antibi6tic activity in ag;r is markedly
reduged _by the. addition of charcoal or ben6nite fo the agar bui
not by the addition of Kaolin.
- Some actinomycetes that are antagonistic to Fusaium on a4ar
have not been- fouad to- produce antibiotic secretions in liqiid
culture e\Ien when aerated.

In this work it has become important to be able to measure
growth oI_both the,fungus and the actinomycete mycelium in liquid
culture. This can be done in the case of the fungris by microscbpe
counts and measurements of fragmented mycelum,- but such- a
method is unsuited to the firer ac[inomvcete Lwha. Similarlv we
need a method for the comparative 

-estimaid of actinomrlcete
mycelium and spores in soil. The efiect of shaking suspeosions of
mycelium with sand showed a relationship betweenlime of shaking
and numbers of colonies fou.nd on subsequint pt"iingi, *n"*". *itf,
a suspension of spores tirne of shaking did 

-not atect the count.
Resin attacbing organisms

In his work on the biological decomposition of resins tested for
the. makilg of temporary roads Mr. P. C. T. Jones isolated a numb€r
of bacteria and fungi that could attack rejbs. The characters of
these organisms and their action on resins has been further studied
with a view to publisbing descriptions of them.
Nitrif.calim

- 
-The importance of nitrificatioD in soil makes it important to

find out wbat organisms are important in carrvine out tLis orocess
in soil. ln view of recent work-on the bioche;isdiv of nitri_fication
in soil it is important to make fresh studv of the phvsiolosv of
Nitrosomonas and Nitrobacter to see wtrettrei tneir betiariou, #"""
with that postulated for the niirifuing flora of soil. Bv a mo&fied
process, Dr. Jane Meiklejohn obtain;d and has described a pure
culture of Nitrosomonas and found that this oxidized aumonii as
rapidly as did a crude culture cotrtaining the commonlv occurring
contamioants. This makes it unlikely tf,at the latter ict srrnbid
ticatly with Nitrosomonas as has beeir suggested.
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Soil arncla
Eratslalion of arnoeb@. Itiss Lettice Cmmp has studied the

conditi-ons sovemir,g the hatching of amoeba from cysts and has
Iound that -morphotogicauy similar species di-ffer markedly in that
one species will ixcysi or i in the presence of bacteria- oI a suitable
tvDe ;h e with the bther, 6xcvstatibn is independent ol the bacterial
e-nvironment. This difierence i.n behaviour provides a further
specific factor likely to affect the relative numbers of difierent
amoebe in soil.

Nuclcat division ol cl.assifcaliott oJ amocbe. It is importatrt to
the studv of the soil micrirpopulati-on that difierent species oI
amoeba ihould be capable of identifcation. The classGcation and
identification of amoebze is largely based on the tyPe of nuclear
division, and there is great confusion at Present largely owirg to.the
processes of rnitosis b6ing wrongly described, often from insufficient
material. Dr. B. N. Sin-gh has-diveloped a method for cultivating

\- -, small amoeba on glass slides coated with a8ar, thai enables large
' numbers of amoebi, in all stages of nuclear division, to be obtained

readily and in a form lacilitating the ma-king of -stained 
preparations.

Twelve strains of amoeba have been exa.rrined by tbis mettrod and
the typ€s of division found are much less diverse than was formerly
supposed, falling into two ma.in categories. This discov-ery together
witi tle f,rrtnei use of the new tecbnique should result in a great
simplification in classfication and ease in species identfication-
Mgconhiza- In her earlier work Dr. Janet Mollison studied the distribution
of the nrycorrhizal tangtJs Rhizo\hagtut in clover and wheat and
Iound it io be abundant in the roots of both crops. Attempts to
isolate the fungus and to grow it in a variety of artificial media have
so far been unsuccessful,

Wlen a series of dilutions of a soil suspension were applied to
sterilized sand in which clover was grown the fungus was found to be
present at a l/10 dilution but not at a l/1000 dilution- With a
suitable dilution it may thus be possible to obtain otherwise comp
arable cultures with and without the fungus by which its efiect on
the plant can be assessed.

STUDTEs oN Nonwe BecrBRra (REIzoBruM) exo Lrcuur Cnops

Gcografhical distribution of strains of cloan Rhizobium
"h'continuation of th6 suwey 6f the distribution of strains ol

clover Rhizobium, efiective and inefiective in fixing nitrogen, a
considerable amount of strains isolated from clover samples collected
from the North and from the South West oI England were tested
for efiectivity by Dr. Janina Kleczkowska.

A seriological study made by Dr. Margaret Read of 100 isolates
from each of lT localities has shown that strains oI clover Rhizobium
tend to be higbly localized in their distribution, so that no rapid
spread of a nCw strain trhether or natural origin or introduced, is
likely to occur under field conditions.
Establishment of duter Rhizobiun in an " ittoaiated. " uo!

The abundance in some localities of inefiective straius of clover
Rhizobium, suggests the use of seed inoculation to rePlace these
inefiective strains by an efiective strain in the soil. Any attempt to
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introduce Rhizobium ir,to tn" ,llf by rnoculation wilt meet witb
competition for nodule formatior frJm the native populatiou of
clover Rhizobium already present. Hence the first pro'blem to be
solved was how far a culture i[troduced by seed inoc^ulation can be
established in the nodules of the crop i! fice of this competition.

To find this out it was necessary to develop a method for recoE-
nizing a strain introduced by seed inoculatiou iato field soil alr.r,l"*,
containing many other stra.hs of Rhizobium ,and thus for distinsuisli-
ing nodules produced by the inoculum from those due to iative
strains. In earlier work (Kleczkowski and Thomton) it had been
found that stra.ins of clovir Rhizobium fall into grouis identifabte
by antigen tests and that strains containing ceirtafui antkens are
uncommon in British soils. If seed is inddated with i strain
containing an uncoutmon antigen and sown in the feld, cultures
isolated from the nodules later developed can be tested $,ith suitable
antisera and in this way it is possible to determine whether thev are
of the same strain used to inoculate the seed. By testitrE suffilient
nodule isolates the percentage of nodules produced by th; inoculum ---- --
can be estimated. An extensive series ofexperimen-ts were carried
out in 1948 and 1949 by Dr. Margaret Read- witb the co-operation
of the National Agricultural Advisory Service. These wire con-
ducted at 13 centres at four of which tLe trial was carried on {or two
seasons. Each experiment consisted of 16 plots, four replicatioas
sown with uninoculated seed and four with sead treated wiah each of
three strains of nodule bacteria selected for ease of seoloeical
identification. Cultures were isolated from 2G25 nodules from Each
plot and tested \irith suitable antisera. From those tests the percent-
age of nodr.rles due to the inocula were estimated. Great a.isistance
was provided by bacteriologists of the National Asriculturat
Advisory Service not only in the field trials themselves 5ut also in
certain experiments in isolating cultures from the nodules. Without
their _generous help so extensive a series of trials involving the
isolation and serological testing of 6,000 cultures could not havibeen
carried out. The results of these trials shorred that it is possible
to establish a culture of Rhizobium in the crop, in competiti,on with
the native bacteria, but that difierent straini of Rhiiobium difier
greatty in their ability to become established in the field. The
experiments thus point to a new principle applicable to seed inocu-
lation practice, namely that, in the s€lection of a strain forseed inocu-
lation, not only efiectivity in fixing nitrogen, but also abilitv to
compete with native strains in tbe soi.l has to be considered. 

-

Legurne inoculatiort
A number oI inoculation trials with clover and beans have been

and- are being carried out in various districts by the National
Agricultural Advisory Service using cultures supplied by us.
Locol ada?ldtion between cloler and Rhizobium

Experiments have been made by Dr. P. S. Nutman and Dr.
Margaret Read to see whether, on Iarms where tocal strains of red
clover, have been developed, the clover and the iadigenous nodule
bacteria have become mutually adapted to give enhanced nitrogen
fixatiou. Material was obtained from seven farms ia Sweden anil in
experiments carried out in 194t1 and 1949, bacteria obtained
from each farm were tested Ior efiectivitv on the local clover strain
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{rom the same farm and {rom each of the other six farms. In both
experiments a small but signi0cant efiect was found, bacterial
strains tending to be more efiective on their own local clover strain
than on the others.

Alrearunee of incfeclhe mulnnls of clater Rhizobum in soil
It was found by Dr. P. S. Nutman in previous work that if a

pure culture oI the highly efiective strain " A " was kept in sterilized
sandy soil from Wobum for six months, a considerable percentage of
inefiective mutants appeared. This raised the practically i.mPortant
question whether this phenomenon was of widd occurrence in difier-
ent soils or with many efiective straias of Rhizobium.

To test the flrst point, Strain " A " was stored in steriliz,ed
sarrples of a range of difierent soils for half a year, after which the
soil cultures were plated, random colonies " picked" and the resulting
cultures tested for efiectivity on clover.

We have again receiued much help from bacteriologists of the
Natonal Agricultural Advisory Service ia setting up soil cultures
and in the subsequeot plating and isolations from colonies. The work
showed that ineffective mutants tended to appear in acid soils and
that their ap1rearance could usually be preyented by the addition oI
CaCO3. But in some cases mutants did appear in neutral and limed
soils, so that other Iactors must also contribute to the efiect. To
test the stability of different strains of Rhizobium on soil storage,
ten efiective stratrs were stored in Wobum soil for 2 years- At the
end of this time only one of these was found to have produced
ineffective mutants, but this strain produced a high percentage.
Dr. Janina Kleczkowska has been in charge of this work.
The frodu.ction oJ rnutonts resislant ta bacleriolhage

It seems possible that the effect of bacteriophage in causiag the
appearance of a variety oI mutant forms of Rhizobium might be a
factor inducing a change to ineffectivity in field soils. Dr. Janina
Kleczkowska has studied'phage resistant mutants developed in
cultures exposed to 'phage action. A number of these regained
susceptibility to 'phage quite soon but were more iiable to develop
resistant mutants on further treatment with 'phage, than was the
untreated parent strain. Amongst resistant mutants new colony
characters were frequent. These were usually stable in artificial
culture but readily lost on plant passage. Some resistant mutants
also differed from the parent strain in their efiectivity in the host
plant. Many of these produced from an originally efiective strain
were ineffective, but the reverse change was much more rare.
Mutants showing a change in effectivity varied very much in stability
a number were stable during laboratory culture and after Plant
passage, but one strain was so highly unstable that it proved
impossible to separate the effective and ineffective forms both of
which were Iound in every colony after replating and plant passage.

The mechanism of aaach by bactariophage
Rhizobium bacteriophage is exceptionally good material for

studyhg the process oI attack on the bacterium and this problem has
a special interest from its analogy to the infection process in plant
viruses. Drs. A. and Janina Kleczkowski have examined the question
how many 'phage particles are needed to start an infection. The
work is still in progress but resl ts so far are consistent with the
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view that a single 'phage particle will sufice to produce infection
of a liquid culture or to initiate a plaque.
The inhibilory efecl of ttodul.e and lalerul root ucristem o?t fudher
nodule dnelolmcat

Dr. P. S. Nutnam has continued his earlier work on the efrect
on nodulation of excising nodules and lateral roots oI clover. The
excision of efiective nodules increases the number of nodules sub-
sequently formed but that of inefiective nodules does not do so. The
excision of the meristem tips of efiective nodules or of lateral roots
also increases subsequent nodule numbers, These reults suggest that
a substance inhibitory to nodule formation is produced in meristems.
In ineffective nodules the meristem tip is ephemeral and persists for
too short a time to produce ar efiect.
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BOTANY DEPARTMENT
By D. J. WArsoN

P. C. Owen was translerred from the Physics Department to the
Botany Department in January.

J. H. Wilson, oI the Department of Agriculture, Tasmania,
johed the department io January, as a temporary worker.

Miss G. N. Thome was appointed in October to work on nutrient
uptake from solutions sprayed on leaves.

MIcRoNUTRIENTS
The interaction of rnolybdenum and nitrogen supply has been

studied in lettuce and red clover grown in solution culture. For
the lettuce, nitrogen was supplied at three rates, in all combinations
with thee rates oI mol5zbdenum supply (0, 0.1 and 5 or l0 p.p.m.
Mo). Samples were ta.ken on three successive occasions lor dqr weight,
nitrogen and molybdenum deterninations. No benefit from
added molybdeuum was found a-{ter 3 weeks treatment; the
highest rate caused a slight reduction of dry weight and visible
sy'mptoms of toxicity in the leaves. After 5-6 weeks treatment, the
dry weight of a spring variety of lettuce, Tom Thumb, increased with
increase in mol1zbdenum supply at the two higher rates of N supply,
but not at the lowest rate, and the depression oI dry weight by the high-
est rate of molybdenum supply had disappeared. The positive inter-
action between Mo and N persisted in the later stages aod became
grcater. In a. winter variety of lettuce, Cheshunt Early Giant,
addition of molybdenum gave no increase in dry weight at a-uy stage ;
the highest rate of Mo supply, 10 p.p.m., caused a reduction of dry
weight especialiy at the higher levels of N supply.

The total N content percent of drJz matter was reduced by
addition oI Mo. In the plarts without Mo there was some evidence
oI nitrate accumulation, though NO,-N never accounted for more
than about 10 per cent. of total N. The results, therefore, do not
wholly support the couclusion of Mulder and others that Mo-defici-
ency inhibits nitrate reduction.

For the experiments on clover, three rates of nitrogen supply
in combina.tion with two rates of molybdenum (0 and 0.2
p.p.m. Mo) were used, in two difierent types o{ culture solution. In
one experiment the plauts were inoculated wilt, Rhizobium ar:d irt
another they were uninoculated. The nitrogen content of the culture
solution used for the inoculated plants was reduced as grorth
proceeded, and in the later states the plants were wholly dependent
for their nitrogen supply on fixation by Rkizobium. The u noc-
ulated plants grown without added Mo showed visual sl,rnptoms of
Mo deficiency in the leaves, especially when the N supply was low,
but at harvest alter about 6 months growth, there was no detectable
effect of Mo supply on dry weight or nitrogen content. The dry
lveight oI the inoculated plalts, harvested thrce months later, was
increased by addition of Mo, and the number oI nodules was depress-
ed. This effect of Mo supply on nodule formation confrmed the
results of previous experiments.
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NurnrBNr UpraxE By ExcrsED Roor S].srEMS
The object of this work is to establish quantitative relationships

between the rate of uptake of nutrient ions by excised roots and the
concentration of these ions in the roots and in the extemal solution.
Barley and pea plants were grown for 6-7 weeks in culture solutions,
with varied supply of nitrate, phosphate and potassium. The carbo-
hydrate content of the roots was varied by shading some of the
plants for several days before the roots were taken for experiment.
The root systems were cut ofi arld held at constant temperature in a
flowing aerated nutrient solution of constant composition. Samples
taken at the beginning and on succesive occasions throughout a 24
hour period, were analysed for N, P, K and carbohydiates. The
rates of respiration of the roots was measured throughout the period.
A series of six experiments of this type has been carried out.

The analyses are not yet completed, but there is evidence that
the rates of uptake of nitrate, phosphate and potassium were all
dependent on the carbohydrate content, as well as the nutrient con-
tent, of the rools. Roots from plants grown with similar nutrient
supply at difierenl times of the rear va;ed in their capacity for ion
absorplion ; this was probably the resulr of seasonal variation in
carbohydrate content. Simultaneous uptake of one ion and loss of
another was observed. The losses of nutrients from excised roots
took place into solutions of higher concentration than those in
which the intact plants were grown ; uptake was found only when
the concentration of the ion in question in the solution used {or
growing the plants was much below that in the solution in which the
excised roots were held.

The adsorption of nitrate by low-N roots was accompanied by a
rise in the rate of respiration. Absorption of phosphate by low-P
roots or of potassium by low-K roots did not increase the respiration
rate. Low-P and low-K roots behaved like roots with a high content
oI all tbree nutrients in showing a decline of respiratiou rate through-
out the experimental period, possibly due to falling sugar content.
The rise in respaation rate associated with nitrate absorption is
thought to be a difierent phenomenon Irom the " salt respiation "
observed when plant tissues are transferred Irom water to a salt
solution. It may be a metabolic efiect, associated with rapid con-
version of nitrate into orgaric nitrogen compounds.

Similar experiments were made with barley and pea roots dug
from smallfield plots. The dqz season made it difficult to remove the
root systems from the soil without serious damage and loss of the
fner branches, but in more favourable weather conditions it should
be possible to obtain satisfactory field material for nutrient absorp-
tion studies.

Usrarr or SucAR AND MrNenA.r. NUTRTENTS By LEAVES
An investigation has been started on the efiect of spraying

plants with solutions of sugar or mineral nutrients. American
workers have reported that when tomato plants growing at high
temperatures and in low light intensities (i.e. the conditions in a
heated glasshouse in winter) were sprayed with sucrose solution,
the mte of stem elongation and the dry weight oI the plant was
increased. This result was confirmed, but the effects on growth
were not such as would be expected merely Irom an increased carbo-
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hydrate supply. For example, the increase in dry weight was
restricted to the leaves, tbe part of the plant that would be least
expected to suffer from carbohydrate deficiency, the dry weight of
the stem was not afiected althouBh its length was increased, and the
dry weight of roots was reduced. Further work on this is now in
Progress.

Work on the uptake of mineral nutrients by plants from solutions
sprayed on the leaves was not begun until October. Its immediate
obieit is to test a report that small amounts of potassium nitrate
apptied in overhead irrigation water to horticultural crops have a
mirked beneficial efiect ou gror*th and yield. Preliminary experi-
ments were made to find out what concentration of nutrient salts
can be used without scorchiag the leaves, and to determine whether
appreciable amounts of nutrients can be absorbed from spray
deposited on the leaves. In an experiment on young sugar beet
plants, the amouats of N, P and K present in the leaves of plants
-prayed daily for 6 weeks with a complete nutrient solution, was
f5-4b per cent. higher than in the leaves of coutrol plants sprayed
with w;ter. Experiments are now in progress comparing rates of
uptake through the roots and through the leaves in difrerent species'
Tte rates of uptake of nitrogen lrom solutions containing equivalent
concentrations of ammonium or nitrate are also being compared.
Experiments to study the effects on growth of rrutrierrts supplied
thrbugh the leaves will be started in the spring when growing
conditions ale more favourable.

Werrn Rererror'Is on GrnurxerroN
In collaboration with the Physcis DePartment, a study is being

made of the dependence of germiaation of wheat seeds on moisture
potential. The seeds are held close to the surface of a salt solution
bf accurately known vapour pressure, irl a system kePt at constant
temperatura ( + about 0'001'C), so that water is suPPled to the s€ed

through the vapour pbase at a known moisture potential.

The first experiments, continued for '{-5 days, indicated that
there was a sharply defined critical moisture potential below which
seeds were unable to absorb enough water to germinate. Further
work showed that the rate oI germination was reduced by reducing
moisture potential ; tor example, at 20oC in an atmosphere saturated
with water vapour, which we take as zero potential, wheat germinates
in about 3 diys, while at a moisture potential of -250 metres of
water, it takei aLout l0 days. Seeds hive been kePt for 20 days at
lower moisture potentiats, and some have germinated l" ttp ti-:
against a potenaial oI -300 metres of water, i.c. a pF o,f nearly -4'5,
c6nsiderablv above tbe permanent wilting Poirt (pF 4'2, equivaleut
to -l5O meires of water). If there is a critical moisture potential
below which germination cannot take place, it must be much lower
than the first experiments suggested'

In the more prolonged experiments it has been lound difrcult
to Drevent funeai infect-ion. Several methods of sterilizing the seeds
haie been tried, but none has been comPletety successful.

Brol.ocr, oF WrLD OATS (Aoena falua I'No A. htdotticiant)
Work on wild oats was concemed with their Srowth and nutrition
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in comparison with cereal crops, and various aspects of the dormanry
of the seeds.

Susceptibilifir to m4nganase dofuiercy
The susceptibility of vrild oats to " $ey speck " disease, caused

by deficiency oI manganese, was compared with that of two varieties
of cultivated oat,-Scotch Potato, which is said to be relatively
resistant, and Star. Plants were grown in pot culture in a ma.Dganese-
deficient Fen soil, without added Mn, and with Mn added at three
rates, the highest rate being fixed at a level estimated as adequate
to correct the deficietcy. A.ludwiciaaa showed the greatest response
to LIn supply in total dry weight, shoot number and shoot heighi, and
was the 6rst to show cNorosis at the lower rates of Mn
supply. The leaf s1'rnptoms of Mn deficiency in thG species were
difierent from the characteristic grey-speck lesions lound in the
cultivated oats and A. Jalua ; they consisted of interveinal chlorotic
stripes yrhich later became necrotic. The efiect of Mn supplv on drv
weilht at harvest did not difier greatly ilr Star and Scoiif pot.t,i,
but Mn deficiency caused more severe leaf slrmptoms and greater
delay in ear production n Star. A. Jatua was th; least afiecied by
varying Illn supp.ly. Mn-deficient witd oats showed a smaller 1xi
cent. reduction of seed number, but a greater per ceut reduction in
weight per seed than cultivated oats.
Aralysis oJ growlh atd response to nittogen oJ u,ild, aail cultiudted, oats

One way in which weeds reduce crop yield is by competition with
the crop lor the supply of nutrients, especially nilrogen, in the soil.
Pot experiments are in progress to test whether witd oats difier from
cereal crops in their ability to take up nitrogen. An experiment
comparing the two sp€cies of wild oat with bailey at three levels of
nilrogen supply has been completed, and a second one, comparing
wild oats with cultivated winter oats aad winter wheat was sef up in
November. Samples were taken at intervals for determinatiori of
nitrogen content, and the usual measurements required for grorth
analysis (dry matter, leaf area, shoot counts etc.) were made to see
whether there are any attributes of gror,l.th other than nitrogen
uptake that may give wild oats a competitive advantage.
Doruar*y of lhe seed,s

In a field experiment on potatoes on Rothamsted Farm, wild oat
seedlings were found only in the ridges where dung was applied. This
observation suggested either that the dung had contained viable
wild oat seeds, or that it had broken the dormancy oI seeds already
present in the soil. To test these possibilities, 'samptes oI dua[,
unfortunately not from the same bulk as was used for the potato
experiment, rvere brought to the taboratory, spread in pans wiih and
without the admixture of sand, and kept watered to induce non-
dormant viable seeds to germinate. S*ds of A- Jatua or A. tudouici-
aza were added to similai pans of dung and eqriat numbers of seeds
were so\vn in wild-oat-free soil. The added 

-seeds have begun to
germinate both in dung and soil, but so far no seedlings have a-ppear-
ed from the dung without added seeds.

Dormancy in ,ll . /arra is apparently due to impermeability of the
seed-coat to oxygen, for germination can be induced at any iime by
pricking the seed with a needle. SeeG ol A. lud,wiqiana,-howevei,
cannot consistently be made to germinate by pricking, and evidently
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this species exhibits dormancy due to factors irr the embryo or
endosperm, as well as dorma.ncy due to impermeability oJ the seed-
coat. Some time has been spent in developing a technique for
growing excised embryos of wild oats on nutrient agar, with the
inteution of using it to study the causes of dormancy of the embryo.

An alatomical and microchemical examination showed that the
xed-coats of A-fatua and A. ludotticiana are very similar irt structure.

PHysroloclcAr EFFEgrs oF Vrnus lNFecflox
Seed-certiication schemes for the control of virus diseases in

potatoes depend on the recoguition of infected plants in field crops
Ly inspection. It is, thetefore, imPor"tant to know whether the
piesence, or the intensrty, of visible leaf symptoms depends on the
ionditions of growth. A pot experiment was set up to determine the
eftect of varying nutrition and light intensity on the sJrmptoms of
leaf-rotl infeation. Small sets cut from healthy or infected tubers
of Craig's Defiance, were grown witlr varied suppJy of N, P, and K
with fult dayl.ight or under muslin shades which reduced the light
intensity to about haU that of fult daylight. Some of the plants
grown fiom healthy tubers were infected by means of aphids soon
;fter the shoot appeared. It was found that high N supply and
shading both tended to mask the leaf-rolling and yellowing sltnp-
toms. The same experiment provided material for a gro$th
analvsis studv, the obiect of which was to determine the changes in
sro-th 

".or"? 
bv infe-ction that lead to a reduction ot yield, and to

itudv the interiction of infectioo, nutrient supply and shading.
Sam'ples were taken at Iortnightly intervals during the gro*'th period
for €he measurement of dry matter in the difierent parts of the
plant, and tbe total lea.f area. Olher attributes of Sro\lth including
ihe number of leaves, lateral shoots and iubers and shoot height
were also measured, ald samples were kept for determination of
nutrient content. The data obtained are now being analysed.

In collaboration with the Plant Pathology DePartment work on
the efiect o{ infection with yellow virus on the carbohydrate meta-
bolism of sugar beet has been continued. This couirmed previous
experiments in showing that the accumulation of starch and sugars
in the leaves of infected plarts is not attributable to an inhibition
oI translocation, as earlier worke$ thought.

FrBto Wonx
Samples of hav for botanical analvsis were taken from twenty

plots of'the Park Grass experiment, seiected because no analyses of
ihe herbage on them had been made irl recent years. When these
analvses ire completed, inlormation on the Present composition o[
the flora of all the plots will be brought uP to date. Dr. Brenchley
has continued to work on the revision of her book " The Manuring
of Grassland for Hay," which describes the changes induced in the
flora of these plots by lonq continued difierence in manuring.

The usualJoutine observations were made on the weed flora of
Broadbalk and Hoos fields.

A growth analysis study to comPare the e.ffects o[ nitrogenous
fertilizir on sprin! so*'n wheat, barley and oats and to analyse
the respouses in yield, was carried out on small field plots. Samples
were tiken at fortnightly iatervals from the end of April to early
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August Ior the determination of dry weight, leaf area a-nd nitrogen
content. An attempt was made to estimate the dry matler
contributed by photo6pthesis ir the in-florescence of eac'h slxcies,
!y measurirg the dry matter increment over short perioG of plants
from which the ears were removed, in comparison with intact ilants,
Nitrogen detenninations on the samples, a-nd the statistical aialysis
of the data, have Dot yet been completed. -
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STATISTICS DEPARTMBNT
By F. YArES

Durine 1949 the work of the department has developed along the
lines whiC'h have been outlined in previous reports. Considerable
orogress has been made in our relations with the National Agncul-
[rrri eOvisorv Service. Work on surveys of the operational research

twe has beeu intensi-6ed, and the year has seen ttre installation of
Hollerith equipment..ftre outitandins new survev carried out during the year is the
Survev of Mareinal'i-a.nd- This was undertakeo at the request of the
Aerictiltural .R'esearch Council. The obiect of tbe survey rvas to
ia"vestieate how far marginal land of the tlPe not included in tbe
Hilt Farm-ing Act, and not producing cash -crops. :9"\. ""s 

dly
nroducts- wi likelv to repav anY scheme of rehabilitation' rhe
!u*"v iJ bebg car;ed oui ii tt'tie regions ; that for East Wales

and tle WelsiBorders has akeady been comPleted and a Prelrmrn-

'"iiB"*3:"JXf$i*"roo Potatoes was continued, and the pilot
."*"" oi U"ti,oa. of Milk Production was also continued, though a
i"tni fras not vet been issued. Some analytical work on the Survey
Ll'Fertilizer Piactice was carried out. A Survey of Opencast Coal

Sites is being planned.
DESIGN AND ANATYSIS OF EXPERIMENTS

The desim and analysis of experiments for Rothamsted and other
,"rurr.h 

"t."tiot 
t has c"ontinued-on the usual lines ln addition to

ihe desim of 6eld experiments a number of laboratory experiments
have beEn desimed fbr other departments. Similar work has t'een

undertaken on"request for other research stations'
---i-f," *rri"" 

"*'oeriment 
on the residual manurial value of feeding

.t,,tr1 ;hi& ias'beins conducted at Rothamsted on behalf of the
iir-"J e*ii,rririrt Soc"ietv of England, came to an end in 1948 and

-"irb"tiot the department corroborated irt a rePort on ttus survey

which has now b-een prepared for publication in the Society's
ioumal (56).
'"-C*oi.i'"tio" *ith the National Agriculturd Advisory Service in
the field of experimental design and 

'nalysis 
has- rnade v.ery satrs-

i^"to* oaoo"it. We are nori consulted 
-by 

all the provinces' and

Dr-. B6vh oi some other member of the department usually attends

meetinss of Provircial Experimeuts Committees in most provrnces'

,iil;El lbit i."olves thL department in a good dell of work it
should iroduce valuable results both in raising the standard ot desgn

of inai' dual experiments' aud wbat is even more important' m

"ir"lait" 
t Ur.id-ttr the ioint ptanning and co-ordinatio,n of experi-

mental iivestigations. Alter a slow start there are Dow also welcome

.i-,.-tU"t the"machinerv set up by the Ministry of Agriculture to
arlsist in this plannine and co-ordination is beginnilg to lunctloD'
It is hoped. thal durinf tbe coming year this headquarters.organua-
tion wiil have an incriasing influence both on the Plann]ng ol co-

;;;";i; ;;ri-ents caried out by the Naiional Agricultural
Ai-;# S;fi;; ;. commercial tarmi and also on the plaoning ot

."p".i-l"it oo the Ministry's experimental husbandry farms'
E
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Various problems in the theory of the design oI experiments have
been investigated in the course of the year. - Mr. F: -I. Dudlev, of
the National Institute of Poultry Husbandr5z, and Mr. D. R. Read
pubtished a paper oD the design of experimiuts in egg production
of poultry (58). Dr. P. M. Gruady prepared a paper on tbe esti.ma-
tion of error in rectargular lattices (59), and Mr. M. -1. R. Healv and
Dr. Gruady have prepared a paper on the use of the principle of
restdcted randomization in quasi-Latin squares (60). The eineral
basis of this priaciple, which is of iairly wide application, was
discussed by Dr, Yates in two lectures on the logical-basis of experi-
mental design, and recent developments in the subiect. eiven in
Paris to the Institut Henri Poincard in Decernber, 1049 (6b), (70).
Dr. Yates contributed a paper on the place oI experiireutil
investigations in the planaing of resource uliliiation to
the Plenary Session of the United Nations Scientfic Couference
oa the Conservation and Utilization of Resources (66), thoueh he
was unable to attend the Conference. He also gave'" p"fr, or,
experimental tecbaiques which are oI value in pl;t impiov'ement
to the meeting of the Biometric Society held in-Geneva-(68). Mr.
Healy also attended this meeting. Mr. H. D. Patterson cirried out
some research into change-over trials such as are suitable for animal
feeding tria.ls, and bas prepared a paper on this subiect (64). He
also prepared a thesis on which he was awarded the degree oi M.Sc. at
the University of Leeds (63). Mrs. P. M. Cox (C1ar[e) has written
up an accoutrt of the analysis of 1 x q lattice designs (57).

SAMPLTNG Mnrsons
Various members of the department have continued work in this

field. 1!Ir. D. R. Read published a paper on the accuracy oI samplirrs
methods lor tbe estimation of egg production and mean eee *iiehI
(65). Dr. Yates atteuded the third meeting of the United\ati6ns
Sub-Committee on Statistical Sampling which was held in Geneva,
llld -h9 an{ Mr. Healy attended the meeting oI the IntematioDa.l
Statistical Institute held in Beme. At the [tter Dr. yates save a
paper on the use of sampling survey methods and operitional
research tecbniques in agriculture (67). Dr. Yates gave two papes
on recent developments in sampling methods to the Instiiui de
Statistique in Paris (71\, (72) - Hi also gavefourlectures on samDlins
methods to the schbol (Ceritre Europ&n) set up by the Fo;-d';8
Agriculture Orgarrization of the United Nations fo; the traidtrs oI
oftcial statisticians in the collection of popu.tation and agricultiral
statistics.

The book on sampling methods in censuses and surveys referred
to in the 1948 report was published in May, 1949. From corres-
pondence which has been received from Colo-nial workers ard others
and fiom personal discussions, it is clear that the book is fulfilling
its purpose of providing a staDdard textbook whereby workeli
without extensive statistical training who are conceraed with the
conduct of sa.mpling surveys can undertake them \rith confdence. A
lumber of pla-ns for sa.mple censuses and suweys based ou the
methods expla.ined in tbe book have been submitied to us for our
9pinign, a-Dd it is gratifying to find that the proposals have almost
Dvariably beerl sound.
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SuRvEY oF II-{RGI\-{L L.\\D
A survey of marginal land in Engtand and Wales is being

undertaken at the request of the Agriculiural Research Council, with
the obiect of investigatirg what imProvement in production is
possib[ from this type ol land, and what expenditure would be
irecessarv to attain ii. The survey has been organized and carried
out und6r the dbection of Professor W. E. Ellisou of the University
College of Wales, Aberystwyth, and Dr. Boyd. Tbree areas bave
beenklected for field survey: East Wales and the Welsh Border,
Northern England, and South-Westem England- The \t'elsh survey
was begun at the end of September and a preliminary rePort was
compleied before the end of tbe year. Field work is in progress in
the Northern and South-Westem counties.

The boundaries of the surveyed regions have been chosen so as to
include those areas in which-the firms were not, in the main,
producing cash crops, Iat stock or milk, and which were not eligible
lor full benefits under the Hill Farming Act (1940)-

The sampling procedure for the Welsh region was as follows.
Within the region a strati-fred random sample of eight parishes or
part parishes was selected for survey. Within tbese padshes or part
parishes either al[, or a random half of the farms of over 25 acres
irops and grass were included i-n the survey, with the excePtioD of
{arnrs that-were receiving Hill-Sheep subsidy at the full rate, or of
which more than 30 p€r ceut. of the acreage coDsisted ol land ol
good natural fertility. One hundred farms in all were included in
[he sample. Each of these was visited by a surveyor who recorded
sales and purchases of crops and stock and made a field-by-teld
survev of the farm. This field survey involved a record, for the
years-1948 and 199, of the cropping, the yielG or stock-carrying
capacity (estimated or actual), and the manuring and liming. The
suiyeyor'also recorded what improvements he considered to be
requiied in respect of cultivations, manuring, draiaing and fencing;
their cost; and what yield or stock-carrying capacity could be
expected frorn the f.eld over a period of six years following the
improvement. The surveyor t'as instructed to consider what
improvements were desirable from the point of view oI the larm
as a unit, so that, for example, one field might be scheduled for
arable production aud another for direct reseeding, in the light of
the probable needs of the farm as a whole and aiming as far as
possible at self-suficiency throughout the year. The extent to
which improvements to buildings, roads and services were required
was recorded by a special fieldman who visited about one third of all
the surveyed farms.

SURVEY oF MAINCRoP PorAToEs
This survey, which was organized at the request of the Agdcul-

tural Improvement Courcil and begun in lg,tti (73), (74), has been
continued on the same lines in 1949. The field work has been carried
out by ofrcers of the National Agricultural Advisory Service.

The survey is intended to furoish comprehensive and precise
inlormation on the agricultural practices followed in growing
maincrop potatoes, including cultivations, manuring, varieties,
source of ieed, pests, diseases, etc. It is dso desigued so as to
test the possibility of estimating the yield of the potato croP by
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digging up and weighing short lengths of row as near to lifting date
as conveniently possible. In 1949 weights of sample lengths of row
on some of the frelds were also taken in August, in ordefto investi-
gate the possibility of predicting the yields from measurements of
this ty,?e.

In 1948, wbich was a particularly good year for potatoes, the
sample yields gave results decidedly above the ofrcial estimates of
the Ministry of Agriculture. The results for the rnean of all the
surveyed counties were as follows:

Gross yield ot samples (l| in. riddle)
Irss

Ware left in ground after barvest
Correction for change of rid<tle (l| in.-l| in.) . .

Correction for headlands, etc. included in acreage

Total

Estimated coEected yield of ware
Ministry sf dgriculture's estimate .. ..

Difierence

tons l)er acre
10.8

0.8
0.3
0.4

1.5

,€
8.1

t.2
A similar comparison should be available in the near future for 1949,
but at present we are awaiting the Mhistry's estimate. The mean
sample yield for 1949 over all the counties surveyed was about 2 tons
per acre less thar 1948 (75).

The corrections given in the above table Ior ware left in the
ground alter harvest and for difierences in area were estirnated by
sampling methods. It will be seen that the amount of ware left in
the ground after harvest, 0.8 tons per acre, is very considerable.
A check on the accuracy of the sampling and oI these corrections was
obtained by comparison with farrners' weighed yields, where the
latter were available. The mean excess of the gross sample yields
was fouad to be 1.6 tons p€r acre, agreeing closely wittr the total
corection of 1.5 tons given above. The sampling standard error
from all causes was approximately 40 per cent. per field. About
1,600 fields were included in the survey, but allowing for variations
in weighting the "efiective" number was of the order of 1 ,000, giving
a sampling error of about +0.12 tons per acre.

Apart from yield estimates the most striking result that emeryed
ftom the 1948 suryey results was the marked association between
late plauting and low yields. Indeed, the time of planting was tbe
factor amongst all those recorded which produced the largest
apparent effect on feld. In tiose parts of the country where
early planting wzrs comnon (in particular the south-west aDd the
Fens) there is a general indication that March ptantings yielded at
least a ton mor€ than those in the frst ball of Apil, although the
later plantings show little further loss. Data for the south-eastem
aud southern counties and for the West Miillands suggest that irne
of planting had little effect on yield up to the middJe of April, but
that, for seed put in after this time, delayed plantings gave a sub.
stantial loss, amouoting to about three quarters of a ton per acre
per week. It is, of course, too early yet to say whether this efiect
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is tikelv to occur in all seasons, but the result agrees with such few
experiments as have been done on tbe effects of late planti.ng. These
exhriments have indicated on the average a steady loss on the
tofal yield of iust over 0'5 tons for each week's delay up to the
teginiing of J-une. It is clear that further exPerirnental work is
reouired on this point.

'The 1949 r.iolts "t" 
now under analysis, and the comparison

betr een the results of the two seasons, which were meteorologically
very different, should prove of considerable interest.

Cor-oxrer Wonr
The department has agreed to accommodate a statistician to be

aDDointed Ly tbe Colonial Office. This statistician would be required
t6 iummarii tUe results of previous colonial exPerimental wor[, and
assist in the Colonial advisory work undertakeu by the dePartment,
particularly in the fields of experimental design and analysis, ald
samoline irethods for censuses and suwevs. A suitable candidate
1o1 ir'i. "post was in fact found, but unfort:uaately through adminis-
trative delays the appointment fell through, and no other suitable
candidate has vet ofiered himself.

We have had the usual volume of consultant work for the
Colonies, in particular Mr. Church has continued his work for tbe
West African Cacao Research Institute and has been ilvited to
Dav them a short visit. Four workers fnom ihe Colonies worked in
ih6 department for varyiog periods and we have bad a large number
of visitors from the Colonies.

Ornrn Wonr<
Manv miscellaneous problems have been submitted to the

departnient itr the couse;f tbe year. In particular Mr. Dyke and
Uiis Poultoo carried out a-n analysis of ttre results of a series of
world-wide collaborative tests on the analysis of pyrethrum flowers
(?6). Mr. Dvke bas continued to act as statistical adviser to the
AaGorv Enlomotogists. Mr. Healy has been giviog assistance in
tle analvsis of a seri& of anthropometric observations to the Depart-
ment of-Anatomy, Birmingham University. Iu addition, Mr. Healy
prepared a paper on the routine computation of biological assays
invi,lrrine . iuantitative response (61), and Mr. Jolly has evolved a
method ior [he use of probits in combining Percentage kiJls (62).

HoLr.rRIru EQUTPIffiNT
A Iunior Rolling Totd Tabulator was instaled in June, 1949, as

promGed, and hai been ilr active op€ration since then. It has
-already proved its value. As was expected, having a machine on
the sp6t 

-under 
the direct control of the research workers has resulted

in a'far morc enterprising and flexible approach to Punchtard
work than was the case when all tabulations had to be carried out at
a s€parate bureau. The choice of the Juuior Tabulator has also
prov-ed a happy one, as this machine is su.frciently simple to be
hastered bv tL6 research workers who require to use it in the course
oI their res6arch, and at the same time is &pable of a wide variety of
ooerations. which are of use in research work. We are at the
doment negotiating with the Company for some special modifrca-
tions whicf witl further increase the utility of tbe machine. In
addition to its use ia the analysis of survey work, we are exploring
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the possibfities of carrying out the analyses of the more complicated
experimeats on this machine-particularly those which irivolve a
nurnber of di.fierent measurements on whiCh analyses of co-variance
as well as variance are required. This type of analysis has proved
to be too heavy lor routine work on desk ialculating machin&, and
consequently has tended to be neglected.
Surr

The following appointments were made in the course of t-he vear:
Dr. P. M. Grundy (October, 1949. Previously working at Rotiram-
9!ed as a }Iinistry of Atriculture scholir); Mrs. M. Hale;
Ur. P. R. D. Avis (December, 1949) from Nottingham Uoiversity.

The following members of the department left to take rip
appointments: Mrs. M. Hale (October, 1949) Spectrographiic
Department,.Magnesium F]ectron Ltd.; Mrs. P. M.-Cox (Claikel
(December, 1949) National Institute for Research in Diirying;
Uiss M. A. Creasy (October, 1949) to tale up a Mini+ry ;f
Agriculture Scholarship at Oxford University.

M'"istry of Agriculture Scholars: Dr. P. M. Grundy (to October,
1p4.0); p. H. Rees (October, 1949) from Imperial Colege, London
University.

Workers from other Stations: Mr. C. P. Cox (National Institute
for Research in Dairying, Shinfield) was accommodated in the
department until Decemler, 1949. Mrs. C. P. Cox also worked
here from her appointment in November, 1949 until the exl of the
yea1. Mr. J. A. Nelder, who,was appointed in October, 1949 as
statistician to the newly set-up Vegetable Research Station,
F- worklng at Rothamsted until accommodation is ready for
him at this Station. Eight temporary workers hom other organiza-
tions, four of them from the C.olonies, worked in the department
for varying periods during the year:-

Namc Locttion Perioil
Btitish Isles
P. N. Harvey Norfolk Agricultural Station, March 1949-

Sprowston, Norwich April 1949
G. Carmthers Royal Nary (afterwards to Mav 1949-

Universitv of Cambridse) Se;tember 1949
R. M. Jones University of Cambridge-' May iS+S-

trdiss H- Wilton Grasslanal Research Station, *ou"-Jr'1*'r*t
Dralrton

Gold Coan

J. pnartey West African Cacao Research April lg49-April
Institute, Tafo ISEO

R. Wickens West Africau Cacao Research November 1949-
Institute, Tafo March lgEO

Nigeria
A. N. C. Thomas

East AJrica
W. B. Tripe

Department of Agriculture, September lg49-
Nigeria - 

October 1949

Censts O6cer, Dar es October 1949-
Salaam, Tangaayika November 19{9
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PLANT PATHOLOGY
DEPARTMENT

BY F. C. BAwDEN

Dr. F. M. L. Shefreld who has held the post of cytologist in the
department since 1929 left in October to join the stafi oI the East
African Agricultural and Forestry Orgznization. Dr. F. M. Roberts
was s€conded in November to work {or a year with the Clove
Researcb Scheme in Zanzibar.

During the spring, the field station for researcb on sugar beet
diseases was translerred from Hackthom to more conyenient and
larger prernises on an airfield at Duaholme Holt.

Dr. R. Hull attended two conferences, one ia Belgium in February
and the other in France in July, orgarLized by the Intemational
Institute for Sugar Beet Research; Mr. F. C. Bawden attended the
Filth Intemational Congress for Comparative Pathology, at
Istanbul in May; Mr. H. L. Nixon attended the meeting of the
Electron Microscope Society in Holland in July.

In March Mr. F. C. Bawden visited. Zanzlbar as a member of the
mission sent by the Colonial Ofrce to report on a proposed scheme
lor the control of sudden death disease of cloves.

Dr. P. H- Gregory was awarded the D.Sc. degree of London
University.

VIRUSES AxD VIRUS DISEASES

Laborubry and gl+sshouse work
The performance of the electron microscop was much improved

by fitting new lenses aod etiminati-ug faults i-n the electrical iystem
and its resolving power for favourable slxcimens is now about
2 mp. lt has been mainly used to study viruses but such varied
subjects as insect cuticle, fungus spores and clay minerals have also
been examhed. Using the shadow-cast technique, the sizes and
shapes of several viruses and virus stra-ins were determined, some by
the direct examination of clari.fied in fective sap and others in purified
preparations. Tobacco mosaic, potato X, potato Y, potato
paracrinkle, tobacco etch, henbaue mosaic, cucumber mosaic and
cabbage blackring viruses all have rod-shaped particles of constart
widths either about 10 mp or about 15 mp but variable lengths.
Tomato bushy stunt, tobacco ringspot, a newly discovered virus
hom broad bean and the various tobacco necrosis viruses studid
have spherical particles. Infectiwe preparations of the Rothamsted
culture of tobacco necrosis virus rave particles of two sizes, whereas
cqrstalting, largely non-infective preparations conta.ir only the
smaller particles; the retatiouship between these two lots of partides
is obscure. No specifed particles were ideatifed in the sap lrom
plants infected with potato leaf rotl, tomato spotted wilt, cauli8o\f,er
mosaic, b€et yellows atrd beet mosaic viruses, presumably because
these occur too diluted or are similar in size and shape to Dormal
host constituents. No virus partides muld be detected in the
contents of stomachs of inlective aphicls. The cha-uges in properties.
of potato virus X dudry purifrcation are mrrelated with the aggrega-
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tion oI sep-arate particles into extensive rop and net-like
structures (101).

A previously undescribed virus found causing much damaqe to a
crop of broad beans irr the midlands showed some unusual proierties.
Sap from infected plants contains large quantities of'a ipecific
antigen not present in healthy beans, givGg a precipitia tiire of
about_ l/500, approximately the same dilution e;d-point at which
sap also ceases to cause infections when inoculated to healthv
plants. Although higtrly resistant to heat, sap stil being infectivi
after l0 minutes at 90'C., inlectivity is lost irl a fortnighit at room
temperature. All ptant viruses previously studied are precipitated
by one-third saturated ammonium sulphate solution, bit tni bean
virus is not precipitated until the 

- salt concentration reaches
three-quarterc saturation- It has been isolated in the form oI a
ribose nucleo-protein, which has not so far been made to crystallise.

A virus that appears to be related to tobacco rings-pot, not
previously known ro occur in the British Istes, was obtaiu"eil from a
mottled syringa (PhiladeQhus sp.\.

The loss of precipitating power of antisera to viruses and other
antigens that occur during the early stages of heat denaturation is
partially reversible. When the heated sera are incubated with
trypsin the complexes, which were formed by antibodies unitins
with other serum proteins, are disrupted and tbe antibodies liberatd
in a lorm in which they again precipitate their antigens.

With the development of a suitable method for apolvins
statistical tests for significance to counts of local lesions, thi'eheci
of dilution on the numbers of lesions produced bv viruses could be
tested f or compatibility \yith contrastiirg hy,potheses. Experimental
results 6tted the h)'poihesis that variable ririmbers of vinis particles
are needed to produce a lesion at different sites and were itcom-
patible with the previously held idea that lesions are produced bv
chance .encounter between single virus particles anit unitormti,
susceptible sites (100).

Considerable work was done with potato leaf roll. Iufected
tubers were freed from the virus when malntained at S7.5"C. in a
humid atmosphere for periods of 20 days (ff)1. Datura stranatiurn
is more readily infected than potato bv aphids: sr.rnotoms devetoo
more rapidly and are more easitv ide-ntGea witf certaintv in tfil
current season. Using D. stramonium as a test plant a ieries of
experiments was started to gain information on ibe factors that
influence the transmission of leaf roll virus bv Myzrs be/sic@. Other
vinrses whose transmission by aphids was siudi6d w,jre pea mosa.ic,
pea enation mosaic (96), cauliflower mosaic. cabbase blackrins.
sugar beet yellows and sugar beet mosaic. With some o"f those, mo
infections were caused btinfective aphids if their feeding on healthv
plants was repeatedly internrpted than if tbev were allowed to feeil
undisturbed. In an at{emp[ to gain infor;ation on the feedins
habits and movement of aphids,-experiments have been startd
using plants contahing radio-active phosphorus.

Experi_ments on the efiects of host-plant nutrition on the
susceptibility to infection and on the multiplication of certain
viruses we_re concluded (88,89). Reducing tight intensity, increas-
rng humrdrty a-Dd the amount of water supplied to host plants
before inoculation increased their susceptibiiity to inJectio; with
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several difierent viluses. Whether these efiects reflect changes
increasing the likelihood of injuries occurring at the time of inocula-
tion, or changes in the constitution of cells that facilitate the
establishment of virus particles, is uacertain. Such treatments
aDDear to have little efiect on the concentration of virus reached in
irificted plants. No evidence was obtained to suPPort the claim of
French workers that spraying in{ected plants with Srowth hormones
greaily reduces virus multiplication. Sap from Dal&ra sltampnium
Dlants infected with potato virus X, and from tobacco Plants
infected with viruses X and Y, whicb were severely deformed as a
result ol spraying with 2:4-dichlorphenoxy acetic acid or with
2-methyl-4ihlorophenoxy acetic acid, gave the same precipitin
titres Gth vims antisera as sap from unsprayed Plants; saP lrom
spraved and unsprayed plants also seemed equally inlective and
produced similar symptoms wben inoculated to healthy Plants.' Further work was done in attempts to find the nature of the
cause of the yellowing disease that occurs in a Breeders' Iine of
sugar beet, Family 41 (103). Seed from each of 20 si.ngle plants
pr6duced yelloweri plants, but the extent and time oI aPpearance of
yellowing varied with difierent plants. Seed has been saved from
ihe crosses green x green, green x yellowed and yellowed x
vellowed, to see what in-fluence the appearance of parent Plants has
6n that of the offspring. Seed was also saved from Kleinwanzleben
E plants that ha been colonized with aphids Irom yellowed family
4l-plants, to s€e whether the condition is transmitted through the
seed of other lines of beet. Only 3 of 50 Klein E plants colonized
developed s,'nptoms, suggesting a much smaller rate of transmission
than is usual with beet yellows virus.

Beln balellaris. B. miritius, a cross between the two, and two
samples 6f polyploid beet, setected at Cambridge as possibly resistant
or tirlerant to yellows, were all susceptible and were infected by
aphids as readily as commercial beet. There was some evidence
tiat the type of symptoms, particularly whether or not there was
etching of the veins or leaf necrosis, depended on the variety.

Evidence was also found for the occurrence of beet mosaic
virus in strains of different virulence, one of which seems to cause
the "silver-lea.t" disease prevalent in some varieties of red beet. The
same isolates of mosaic virus, however, may cause difrerent symP
toms in difterent varieties of red beet.

Sap from beet leaves contains material that inhibits the
infectMtv of beet mosaic, tobacco mosaic and various other viruses.
It is destioved bv heatins to 8OoC.. is non-dialvsable and is absorbed
on to activ'ated iharcoa.t] Its nature has no[ been determined but
it ca.n be precipitated and concentrated by the treatments p:eviously
used to 

-isolate a virus-inhibiting glyloprotein from Phyloluca
decanlra.

In previous reports the underground spread o1 potato virus X
from infected to healthy plants has been described and to gain
further inlormation on the maDner whereby this occurs experimeats
have been made on the infection of plants tbrough their roots.
Roots o{ tomato seedlings became infected when they were directly
inoculated with tomato bushy stunt, tobacco mosaic atrd potato X
viruses, or when these viruses were added to soil or culture solutions
in which plants were growing. Sometimes the virus€s remained
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localised and multiplied .r, j1*o 
their initiat entry points,

sometimes they invailed the whole root system but did. not'enier the
aerial parts, ard sometimes tley produced a full systemic
invasion of roots and shoots. When the roots of potato plants
lrere inoculated with virus X, tubers set were often inlected thoueh
tbe virus rarely spread into tbe haulm and caused symptoms.

Frrro Wonx
There was the earliest and most severe attack of sugar beet

yellows in 1949 we have yet experienced; on most ploti all the
plants were infected soon alter singling and this unusually early
and high incidence of the disease meant abandoning expeiiment!
designed to test tie efiect of yarying plant populatio;, and of
introducing scattered sources of infection, on the incidence and
spread of yellows. Beet mosaic was much less prevalent, and with
this, as with yellows in previous years, reducing the density oI the
stand increased the percentage of plants thai became infected.
Contrary to general belief, uneven spacing had no effect ou the
incidence; the same percentage of plants became infected in plots
carrying the same total of plants per unit area whether thev 

-were

unitormly distributed or spaced irregularly with variable gaps.
Despite the dr1' summer, the irrigation of sugar bee'[ had no

effect on the aphid infestation or on the incidenci of vellows and
mosaic. Overhead watering did not wash the aphids off the plants
and the peak aphid population was similar on irrigated and
unirrigated plots. Early in the season more virus-infecled plants
were counted on the irrigated ptots, but later there was no difie-rence,
and the effect.is p-robabty attributable to a delay in the development
of s,'mptoms in the unwatered plaDts,

The value of raising sugar beet stecklings in disiricts isolated
from sources of yellors virus was again demonstrated. Four lots of
stecklings from the north had less than I per cent. plants inJected;
four from Wales had 1, 1, 5 and 6 per cent. respectively, and one
from Gloucestershire had 6 per cent., whereas iour lot! from the
eastem counties aU had more thao 85 per cent. plants infected with
yellows; the last also had considerably more plants with mosaic
and downy mitdew. Sowing under a cover crop oI barley also
reduced the incidence of yelJows; seed sown undei barley in April
1948 gave stecklings 1l per cent. of which had Vellows compai-ed
with 87 per cent. and 100 per cent. for a July and September sowing
without cover-

Spraying with some of the new systemic insecticides gave useful
results in reducing the prevalence oI yellows in the- seed bed.
Stecklings were sprayed from one to three times in the autumn of
1948; in June 1949 85 per cent. of the unsprayed plants l'ere
infected whereas those sprayed three times with E 60thad l0 per
c€nt., with Pestox III2Spercent. and HETP4I percent.; octacblor
and nicotine were much less beneficial. With all the insecticides-
the first spraying was least benefisial aDd the last the most.
Experiments with insecticides on the root crop in 1949, like those
on pLant population, gave no usefirl results as yellows was too
prevalent on the plots before the treatments had time to operate.

I! an attempt to find lines of beet resistant or tolerant to
yellows, more than 700 difierent lots were grown on a plot sunounded
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by inlected seed plants. The lines which had tbe largest Proportion
oI healthy looking plants and showed least yetlowing have been
selected for firrther study.

In potatoes, as in sugar beet, there was a"n unusually early
and extensive spread of vimses. The populations of Myzus lercica
on the early spring hosts were higher than for many years and large
numbers migrated to potatoes in late May. There were also many
winged. Macrosifhum arfhorba, Aphis rhamni utd A. lqbe, bi tl.e
large numbers of predators and parasites that soon developed
prevented the production of a large infestation of apterous aphids.
Overhead irrigation greatly increased plant size and yield of tubers,
but did not afiect aphid populations, which were unilormly small.
The aphids preseDt were uniformly distributed per area of land and
not per plant, so that plants spaced three feet apart carried twice as
many as those spaced 18 in. a.nd four times as many on those spaced
9 in. DDT, E 605 and Pestox III sprayed at weekly intewals
controlled aphids but their efiects on the spread of viruses will not
be known until 1950.

Records on the health of plants grown from tubers saved from
experim€nts in 1948 showed that leaf roll spread as readily to
potatoes surrounded by sticky barriers, which prevented the passage
of wingless aphids, as to those not so protected, suggesting that
spread is Lrrgely occasioned by winged forms. Virus Y also infected
niarly as mary protected as unprotected plants. Experiments on
the efiects of roguing again showed that the removal of diseased
plants in mid-June was too late to prevent most of the spread of
viruses, except Ior potato virus Y in Derbyshire- The experiment
on effects of planting date and manurial treatment showed that
viruses spread equally in plots planted at difieretrt dates, though the
later ones had Iewer aphids. Plots with phosphate had siSnificantly
more aphids, but the only effect of manuri.ng on spread of virus
diseases was, as previously found, that most PLaDts became inlected
on plots that received dung.

An analysis of the results of experiments made in difierent parts o{
Engiand aod Wales between 1941 ard 1947 showed that the spread
of leaf roll is correlated with the number of winged Myzus ptsica
caught on sticky traps throughout the season. Spread of virus Y
is also correlated with these trap catches, but to a lesser extent (93).

Mvcorocv
A wind tunuel designed for use ia studying various problems in

plant pathology such as the dispenal and deposition of fungus
ipores and protectant dusts, and aphid flight, was completed and put
into opration. It is designed to work at wind speeds from 10 to 0'1
metres l)er second, So far tests have been made mainly on the
deposition of Lycopodium spores on sticky cylinders of various
diameters from 0.2 to 2'0 cm. At wind sxeds from 1 to 10 M/s, the
efrciency of the traps increases as the ryIinder diameter is reduced
and the wind speed is increased. This had been predicted by
workers on aerodynamics, but has not previously been studied
quantitatively. The large increase in efrcienry at low speeds Ior
very niurow cylinders that has been found, however, seems to be
unpredicted.
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T€sts on the efficiency of slnre traps in the open give similar
results to those in the wind tunnel; they also show that there is a
greater deposit of spores per unit area on vertical than on horizoutal
surfaces and that the traps are more efrcient with the large q)ores
of Lycopodium (3Op diam.) than with the small spores of
Lycoperdon (4p diam.).

A routine spore trap oprated continuously in the open showed
that there were not the heavy showers of either powdery mildew or
Altenwria sp. that occurred in 1948.

Studies were continued on the efiects of cultural treatments on
wheat with and without eyespot (Cercoslorclla htrfolichoidxl.
With plants grown in pots out of doors, eyespot reduced yield by
23 per cent. when ammonium sulphate was given and by 4l per cent.
when it was not. Under glass, it reduced yield by 26 per cent.
when nitrate was applied and by 90 per cent. wheo it was not.
Applyr"g nitrogen in March and April increased yields of both
infected and uninfected wheat more than applications in May. In
the field, spring spraying with suJphuric acid increased yields by
4.4 cwt. ot grain per acre wben applied to plots receiving ammonium
sulphate compared with 1.9 cwt. with those that did not.

Depth to whicb the fungus peoetrates leaf sheaths was used to
measure the relative susceptibilities of 12 cereals to eyespot. There
were slight difierences between the seven wheat varieties tested,- but
all were more susceptible than oats, and rye was less than oats.
Titicale, a wheat rye cross, $'as intermediate between the two
parents. Whereas infection caused an average loss of 5O per cent.
of grain yield in the wbeat varieties, rye and oats suffered no loss.

A culture ol C. hupotrichoid* isolated from a crop of oats in
Bedlordshire ttrat was severely attacked, was as pathogenic for
wheat as cultures derived from wheat, but it was more pathogenic
for oats. Lolium italicum and. L. laerw atd Daclilis glomeruta
were infected wirJo Cercospordla hapobichaidzs isolated from
wheat; the fungus was re-isolated from each of the grasses and found
to be still pathogenic for wheat.

The surrrival oI resting spores ot Plasmoiliophora brossica rr,der
various crops was again tested, but the previously reported effects
of brassica in reducing survival were not again obtained. Studies
on the relation between spore concentration in the soil, the number
of root-hair infections per plant, and the proportion oI plants that
develop clubs, shows that clubbing can result Irom a {ew inlected
root hairs, and it seems that a club may develop {rom a single
infection.

Some preliminary experiments oD factors afiecting the production
of rhizomorpbs by Armillaria mtllzz confrrmed. tle part played by
genetical factors but also indicated that tie carbon/nitrql'en ratio
in the medium is important. Rhizomorphs were formed most
abundanfly with a Eoderate carbo.hydrate mpply aad litfle
nitrogen.
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BIOCHEMISTRY DEPA.RTMENT
BY N. W. PrRrE

INrBsrrcATIoN oF LEAF CoMPoNENTS
Several years of work on the eflect of enzymes from various

sources has iow been rounded ofi sufficiently forit to be written uP.
The essential features were surnmarised in last year's rePort.

Bv followirg the reduction in viscosity of a solution of a soluble
ceUul'ose derivaiive under standard conditions, Tracey has detected
the presence of cellulase in saps from a number of plants. The
enzyme is present in very small amounts in tobacco leal sap, its
conceutration often being less thal a one hundred thousandth
that in snail digestive juice (the usual source of cellulase used in this
deoartment). In tobacco root sap the concentration may be five or
te; times as great. It appears tbat the enzJrme is relatively more
abundant in yourcg leavei than in old. By using large amounts of
fresh active r5ot sa"p it has been possible to show tf,at 6i.rely dispersed
cellulase is also attacked by the enzyme.

The readily sedimentable phosphorus-containing protein that is
a characteristic component of the Iresh sap of young tobacco leaves
has now been found to conta.in several enzl,rnes. These will not
only act oD extraneous substrates e.g. phosPhate esters, but also
briig about the denaturation o{ the protein itself and the l.iberation
from it of nucleotide and, subsequently, the dephosphorylation of
the nudeotide.

Large scale preparation of leaf protein has been started at the
Grasslaid Imprbv&nent Station wiere a mill capable of handling
uo to 2 tous oif fresh leafu material has been iastalled. This works
sitisfactorily, and we have now sufficient skill in its use to be able
to Srind any o[ the leaves growa in normal agricultural practice
and to liberate about hall the proteir.

Investigations on tobacco necrosis virus have coutinued along
the liaes set out in last year's report and some progress has been
made towards getting conditions defined, so that the results
will be repeatable. Some of the important variables have been
recognised, but the frequency with which unexpected activa-
tions-, or inactivations, ociur suggests that we have not recogaised
all of them.

OxrDATroN oF MN By PERoxTDAsE SYsTEMS rN PLANT ErtRAcrs
The svstem consists of peroxidase, and a peroxidase substrate.

Ushg ptrtialy purifed peroxidase Preparations, the effect of
variation in the peroxidase, phenolic substrate a.nd H2O2 concentra-
tion has been studied. The oxidation of Mn can be demonstrated
at Ma concentratious likely to be present in ttioo, atd with a lew
ug. of peroxidas€. The Mn probably reduces the oxidised peroxidase
aubstrate, a.nd therebv is itself oxidised. This involves the substrate
in a cvcle of oxidation and reduction. The catal5rtic activity of the
substiate is demonstrated by the fact that under suitable conditions
I gg. of p-cresol produced 605 p.g. Mn2O3.

Preliminarv evidence has been obtained that the oxidized Mn is
reduced by ptant metaboEtes. This is an agreement with the
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hypothesis previously put forward that a IIn oxidation reduction
cycle is responsible for the efiect oI Mn on plant respiration.

The oxidation of Mn ln oiuo by thts system depends on the
production of H2O2 by the plant tissues. It is known that H2O2 is
formed in several oxidation reactions catalyzed by enzymes, e,g.
xanthine oxidase and arnino acid oxidase. Preliminary evidence
has been obtained that H2O2 Iormed by these enzJmes may be used
by peroxidase systems to bring about the oxidation of Mn.

The possibility that the peroxidase system carl oxidize metallic
ions or complex ions other than those of Mn is being investigated.

Under certain conditions the addition of small amounts of salts
of Mo, Y and W have been fouad to accelerate the mte of oxidation
of Mn by peroidase systems. There is evidence that this is due to
the enzl.rne catalyzed formation oI peracids, e.g. the formation of
permolybdate {rom molybdate. These experiments may throw
light on the mechanism of peroxidase action and the physiological
role of Mo.

The rate of oxidation of ferrocyanide by H2O2 is increased by
peroxidase alone, but peroxidase togetber with suitable substrate
produces a much more striking increase in the rate of oxidation,
The oxidation oI ferrocyanide is accompanied by consumption of
H+, and may be followed manometrically by CO2 uptake in
bicarbonate medium in an atmosphere of N2 + CO2.

Hl'DRoeurNoNE-AtrD HyDRosuLpErrE-SoLUBLE IIaNGANESE oF

ORGANTC SoEs

It has been suggested that manga"nese deficiency occurring
in soils with total manganese contents adequate for plant growth is
due to the presence of the soil manganese higher oddes in unreactive
forms. The highly reactive and potentially readily available
fraction has been defined as the fraction dissolved by 0'2 per cent.
hydroquinone in M-ammooium acetate at pH 7, and a moderately
reactive fraction as that dissolved by hydrosulphite under the same
conditions. Heiatze and Mam have shown that Elanganese
extracted from neutral or alkaline organic soils by M-ammonium ace-
tate containing 0.2 per cent. hyclroquiaoue at pH 7 may represent
only a small percentage of the soil manganese higher oxides reduced
by hyclroquinone during the extraction. This is due to the retention
by the soils of part of the divalent manganese formed by reduction.
The amount of mangarese retained in this way depends ir general
on the organic content oI the soil. Results with the mangatrese
minerals, pyrolusite, hausmannite, and manganite support the
view that under certain couditions hyilroquinone and hytlrosulphite
may be suitable reagents Ior difierentiating betweea marganese
higher oxides of difierent reactivity. But since hydrosulphite,
uolike hyclroquinone, partially prevents retention of divalent
manganese by soils, differences between hyclrosulphite and
hydroquinone soluble mauganese, on orgaaic sofu in particular,
may be due trot to tbe reduction of manganese higber oxides of
difierent reactivity but to di.fferences in the amoutrts of divalent
manganese retained bY the soils.
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REsrsrANT CouporEtts or Son Funcr
Work started in October on the chemical nature oI the mvcelia

of some represetrtative and easily available fungi. This will later
be extended to the examination of those ttrat are prominent i.u soil
to see whether it is likely that they contribute significantly to
the building up of "soil orgadc matter."
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NEMATOLOGY DEPARTMENT
BY T. GooDEY

GENERAL
Nowhere at the present time is it possible for the worker in

applied biology to obtain instruction in the handling of plant and soil
nematodes. The need for a course in nematology and nematological
methods and techniques has been urgent for several years. At the
request of the Plant Pests and Diseases Committee oI the Association
of Applied Biologists the staff oI this department agreed to be
responsible for conducting a course during the past summer. By
permission ot Sir Frank Engledow it was held at the School of
Agriculture, Cambridge, from July 7-16, 1949. IIr. F. G. W. Jones,
Entomologist in the School of Agriculture, made the necessary
local arrargements and secured accommodation at Jesus College
for the 30 students who attended. Selection oI the students (20 of
yvhom were from the National Agricultwal Advisory Service) was
carried out by the stafi of the Ministry of Agriculture Plaat
Pathology Laboratory, Harpenden and Mr. E. Dunn, Assistant
Entomologist of that laboratory acted as secretary/treasurer. A
strenuous 10 days of iatensive lectures and practical work was spent
by those conducting and takiag the coune, the first of its kind to
be arranged in this country. The many letters of appreciation
and thanks received from those who took the course show that it
was successful.

Dr. T. Goodey paid a short visit to Holland from April 26 to
May 6, 1949 and spent most of the time at Wageningen in Prolessor
H. M. Quanjer's Laboratory for Mycology and Potato Investigations.
Here Mr. J. W. Seinhorst has been working for some years on
problems connected with stem eelworm disease ("stock") oI rye
and has devised new methods for extracting the infective larva of
the parasite, in large numbers, from dried infested rye plants and
for cleaning and concentrating them. Details of these methods
have not yet been published but Mr. Seinlorst kintlly supplied
particulars for the construction of the apparatus and gave details oI
the methods he has successfully developed. Similar apparatus
has now been erected in this department and is in full working
order. It has provialed us not oDly nith large numbers of infective
larve of several races oI the stem eelworm from teasel, oats, red
clover, narcissus, and broad beans, which will be used in due course
for inoculation experiments, but also with Alhclencfuides species
from strawb€rry buds, violet plants and c\rsanthemum leaves.
On leaving Wageningen a short stay was made at the Bulb Research
Station, Lisse where a profitable opportunity was taken for
discussions ou nematode infestations of bulbs with Professor E. varr
Slogteren and Dr. M. P. de Bru)m Ouboter.

Dr. Peters attended au Arable ConJerence at St. Helens irr
January and gave a talk on potato root eelworm, illustmted by the
C.O.I. documentary filrn.

During the year two temporary workers bave spent periods in
the department learning nematological methods, na.mely Mr. R. S.
Pitcher of East Malling Research Station and Mr. Sven Bingefors of
the Swedish Seeds Association, Uppsala.
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On the area adiacent to the laboratory our living museurn ol
Dlant Darasitic spicies and races of eelworms is now laxgely

I.Guu*,"a and cGder paths have been made between several small
;i;i;. -it" t*o st""nhoot"t have been fitted with an electric
il"^iin*.utt"rn. concrete paths have been taid, staging erected in
one of"them and ventilators 6xed ir the side walls'

Research carried out by the members of the stafi falls naturally
i"t" ii"" -"i" sections: (i) problems connected with plant infesta-
ti."t- Uu ""f*o*s 

beldnhng to the families Tylenchida and

e"ft"f".'.f,ia* and soil nei.rat"odes generally (Dr' T' Goodey, Dr'
Marv T. Franklin and Mr. f. B. Goodey)' (2) problems connected

witti root-in festing nematodes belonging to the family Heterodenda,
(Dr. B. G. Peterslnd Mr. D. W. Fenwick).

TyLENcEtDE,tlo APsslrNctltP-a
Tflenakid.e

Dr. Goodey has carried out investigations on. stem eelworm

to;tnii"init iibsaci\ attacks on the fuller's thistle or teasel
i;;i;;;.;' nttiiun i.l with a vierv to determining the route taken
ir" G" 

"Jr"iit" 
i-rr reaching the flower head and thus becomhg

ai.p.rt",i i" and on the seed"in a dry quiescent but viable state'

He has wdtten a booklet entitled "Laboratory Methods- for
Woik with Plant and Soil Nematodes" which has been puttis\e$ ;r
tn" frii"itt y of egri""tture and Fisheries as Technical Bulletin No' 2'

He has also revised much of the text and prepared {urther
iff*^t1.tio"" ioi nii 

""rll 
book, "Soi.I and Freshwater Nematodes"

*fri"f, it "o* p.a.i"g through the press and should.be issued about

mid 1950.

Mr- I. B. Goodev reports that work has been continued on the
.trtri-r,i."ilti" ."""i". ,jt Dilvletuchus. The host-list oI the Stem
'.iitii."ti. i;i[""i, contains- the names of some 350 plarrts. and.a

i".1""i"'*-n* io* 6".n made in trying to End out which biologic

.".]e is iesoonsibte in each particular inlestation l)' destruclot

il;";iJil;;t-;ot nematodi has been shom to be the cause of
;;i*;;At;;;; of bulbous iris, hitherto ascribed to D' d'i1saci, al,d
i"itir", 

""p"ti*""ts 
are now in progress-which show that D' destt clar

attacks s&eral other hosts as well as the few aheady known' Some

new bioloeical asDects o[ the life cycle of D' deslructor have been

discovered". A piper embodying the results of lhese investigatrons
has been prepared.

Reoorts of attacks by D. difsaci on strawberry have beel

"t-"i5"t-i".*trv 
ind *oik has b.en carried out on the subiect' It

nas Ue" sfro*n tiat the nematode will trarsler from strawberry to
;.;;;i itit ;""p"cted that the problem is m-ore complex and that
races of D- dipsaci ot-her than tbe oat race may be rnvolveo'

Drrrins work on the fine details of the anatomy ol D' destrucLor'

, ,r"* ,t-""trr" *"t discovered on the ventral surface o[ the eelworm'

it 
-fu";til;; ;"i known but it has been found on several other

;" ;;";-l;.nu Tvlenchoida. A short paper describing
and d.istribution lias been written in which the term
id' is proposed as its name.
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- 
An interesting .case of Cabalaria integriJolia attacked by

D. dipsaci was received during the summer ii which the eelworms
were themselves parasitized by a nematode-attacking fungus. lts
mode of attack and development on D- dipsaci has 6een 6bserved
and the -fungus .isolated in pure culture. - The Iungus has been
identi-{ied provisionalJy as a ipecies of. Anostalagmui, possiblv an
undescribed one. Work on this is being continued.
_ By courtesy of the Chemistry Depirtment many specimens oI
Conifers, particularly Sitka sproce, halre been exdmiied for the
presence of certain nematodes which.have been reported attacking
roots of Conifers in U.S.A. A species of Hoploliitnus, identfied
as H. uniJormis Thorne, 1949 the first record of this eelworm in
Great Britain, has been found in considerable numbers. A few
specimens had their heads buried in the root tissue. The matter is
being pursued further, but it is considered doubtful whether the
eelwo-rms cause any but trivial damage.

- Work designed to firrd a fxativelausing litfle or no shrinkage
ot eelworms has been continued. The result, a new formal-acet'ic
mlxture, has been iacorporated into a ioint paper with D.. M;i.
Franklin in which the uie of dilute Cotion Etui: in Lactophenol L a
medium for the rapid mountiag oI plant parasitic nemaiodes, has
been described. Further work on inouating media is proceeding.

Alhelen+hide
Dr. Mary T. Franl{in reports that further investisatioos on ttre

lwo specie of Apfulenchoides fo.und'tn strawber4r planis have shown
tlhem to lte A. lragarie and, A. ritzema-6oii. Reference to
Ritzema-Bos's origiDal descriptions of A. fuazarie (lg9l} and.4
o/esrstzs (1893) halve failed t'o sirow sufficieni Aif"i.r""'U"t*"*
ihem to justify the separation of the second species. moreover the
successful inoculation of a fern with I .fragatie fiom sirawberrv. with
the production of sl.mptoms t)?ical ofinfiction witb l. oles;sfis, Uas
shown that the same nematode can parasiti"€ both plants, therefore
A. oksistus is_ regarded as a slmoninn o! A. fragiria. ihe other
specrcs ,ound rn strawberry resembles the chrysanthemuDl eelworm
in morphological characters and is theretore considered to be l.
rilzerua-boti. Cross-inoculations of these worms have been made
from strawberry to chrysanthemum and, vice oersa, but thev ilave
not so far yielded resu.tts. The determination of the ideniitv of
these two species in stranberry was helped bv tbe exchaneL of
specimens with Dr. Merlin Allei of Califoinia- -

Work has continued on the blackcurrant eehyorm: blackcurrant
bushes inJested .wtth Aphelanchoid* ribes have been established on
the plot and a beginning bas been made in studvine the bioloev oI
the. parasite with-a vieiv to finding out the pe"riojs .f ;;fr;
activity and of migration. It h-as beea dstablished that th;
nematodes may be found wandering on the branches in wet weathei
rn summer and also that they wilJ move upward aga.inst a downward
trickle of water. Six varieties of blackcu-rrant an-'d also one each of
red currant and gooseberry have been ptanted next to tbe infested
blackcurrant bushqs to d;termine their susceptibility to infection
wilh A. ibes. The past hot dry summer h.iidered ibe estabtish_
ment of the brrlhes, but it is hoped that they will make good growth
ounng Ine comng year.
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Small-scale warm-water treatmeDts havilg established the lethal

temDeratures lor A. ribes, warrn-water treatments of ua-rooted
bh&currant cuttinss have been started with a view to finding a
suitable treatment ihich could be used in the starting o[ a clean
stock. The treatments used (at the b"S-"i"g of December),
namelv. 46'C. for 25 min., 47"C- for 20 min., 48'C. for 15 min., and
49'C. ior f0 min., have caused sprouting of the butls, but it is too
earlv vet to sav whether roots will be produced normally.

er6ss-inocuiation experiments have sbown thaL A. ribes from
blackcurrant cal become established on strawberry plants aud
A . ritzena-bosi Erom strawberries on blackcurrant seedlings with the
productiou oI lesions typical of eelworm damage' FurtAer studi. es

if morphology and hosi iange are being made to determioe whether
,{. ziDei shorill be regarded as a sJmonym of A. tilzema-bosi-

Vio1et olants iafeited witb what must now be called A- Jragaia
have been-established on one of the plots. It has been found that
the worrns mav be Dresent in damaged flower buds and that the
dried seed may atso Le infested with eelworms which become active
on soakins in water.

CulturEs oI species of Afhelenchoid.es on agar together with
fuosus have been contiaued. A. fiagaria from fern has become

esta"blished and also ,{. paietiws, a species commonJy fourd- in
decaying plant material,-which has been tbought to be parasitic
in some cases.

In collaboration with J. B. Goodey a new technique for process-

ine- stainine and making permanent mounts of the smaller
neiatodes h"as been devet6ped. By transterring nematodes from
fixative to lactophenol cont-aining c6tton blue at a, temperature of
65-75"C. thev can be cleared, stiired and mounted in lactophenol
in a few mfuiutes instead of requiring several weeks in slowly con-
cenhating glycerine. The new method is particularly usel'l with
Aphetenciidls wtnch are very easily distorted n'hen processed by the
older method.

HETERODERID,ts

Dr. B. G. Peters reports as follows: The distribution oI potato
root eelworm in Englaid suggests that peaty soils, sands, and silts
are favourable and healry clay soils unlavourable to the Paraslte'
An investigation oI these idapLic factors has been startediy adding
a lieht inf"estation oI the eelworm to an unpromising subsoil clay,
facioriallv mod.ified bv the addiiion of sand, peat' compost and
mixea atiUciats, in which potatoes were grown in 32 -larg^e 

glazed

rrots- In the 6rst vear plant respouses were not s€ruicant Itr
[erms of height of hiulms'at 45 days (beyond a suggestive 2'8 cm.
increase froir compost), or of number oI tubers harvested; but
weieht oI tubers showed a significartt response to compost, peat,

"od" 
{"tl.ilit".t in that order, with no evident irteraction effects'

Counts of eelworm cysts and Iarva are not yet completed' The
exoeriment will be continued.

'Nematocidal investigations have coutinued on a laboratory- scale

and also irr pots of soil fowu outdoors. fn the outdoor€xperiment
40 S-litre ilazed pots', fi ed with soil naturally infected with
H- roslnchiinsis, w6re injected in pairs at rates of 0, 1, 4 and 16
rnl. per pot of ti\e tolloting: (l &2) two chlorpbenol products, (3)
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ethylene dibromide 5 per cent. v/v. in solvent naphtha, (4 & 5) D-D
mixture. Apart {rom one set o{ 8 D-D pots (required for other
purposes), a potato was growr in each pot. The chlorphenol
gatgrials at the rates u!94 gave rise to no plant responses of any
kind. _ Both ethylene dibromide and D-D at the- highest rate
caused a marked reduction irr the height of haulms aftir 2l davs
and the yield o[ tubers was significantly higher at I and 4 ml. thin
at 0 and 16 ml-

A start has been made on determining the rate and direction oI
migration of potato-root eelworm larve thtough soil, both vertically
and horizontally. To measure vertical migration, potatoes were
grown ia wooden boxes made by superimposing sfo 2-inch-hieh
sections, 6 in. square in plan. Eelworm cysts were added at tf,e
top of some boxes and at the bottom of others. Leaching efiects
were controlled by watering some from below and othels from
above. The soil from each 2-ia. section was separately collected
and awaits eelworm counts.

. The use- of vinegar eelworm as a test anima_l in the preliminary
selection of possible nematocides has been investigat;d in some
deta.il. These eelworms are readily cuttured irt viiegar. neat or
diluted with water, or in solutions of sucrose or ethvl alcohol or
both, at temperatures up to 37'C. Living worms sh6w a marked.
negative geotaxis_ which is.made use oI in' ioncentrating them from
a culture into a clean medium.

With time and temperature fixed, they are exposed to difierent
concentrations oI a nematocide in aque6us solution or emulsion.
They are courted by sa.mpling in a-l-u. counting chamber on
the baemacytometer principle. Alter exposure the number dead is
also estimated by sa.mpling, but many nematocides cause lysis of
the worms to an extent depending on the concentration. At low
kills it is impracticable to count living worms and accordinslv. after
estimating dead worms, sufrcient iodine is added to kill t"h; livin"
and a furt"her estimate ii made of the total. Th; difie;;;-;G;;
"dead" and "total" estimates the living, and the difference between
"living" and "exposed" estimates the LiI. At hieh kills the livine
ltrorms are sluggish and car be counted.

.In spite of the superimposed sampling errors involved in a single
estrmatron rt ls posslble to secure reproducible results sivins a
tolerable rectilinear relation between piobit and loe conceitration-
Thus, a sample of D-D mixture emuLified with Titon N.IOO has
given at 32"C. a 2Ghour L.D.56 of about 24 p.p.m. by volume.
_ This techaique has been applied in an-investigition, suggested
by Dr. Thornton, of the nematocidal oower of"D-D rediter v
injected into soil at fortnightly intervals. ' 

The soil was subsiouentl',
leached_ with water, to -which leachings vinegar eetwormi wer'e
exposed- -Preliminary trials indicate thit, insteld of a progressive
accumulation of toxic material in the soil, leachings froni suicessive
injections give progressively lower kills.
_ Continuing the joint experiment (with the West Norlolk Farmers,
Cooperative and Shell) on the efieits oI annua.l iniections of D-D
on a field scale, at Moulton and Prickwillow, the seiond-year yields
of potatoes reveal the following results. At Moulton thire was no
significant difference between- plots injected in l94Z only and
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uniniected controls, but plots iniected in 1948 gave a higher leld
At ftckwillow, on tbe other hand, there was no diference betwe€n
l94&iniected Dlots and the controls, whereas I947-injected plots
o^r," 

^ 
iior,i6.ir,tlv lower vield. At both sites the response to D-D

ihi. .r"ar"*"t verv much less than it was last year.
deeardine other species of. Hetetoderu, soil sa"mples taken in the

autum'n of t"gl8 trom all the Bam6eld plots have been processed,

but the counts o! H. sckachtii cysts 1rer g. arrd of eggs and larva
Der g. of soil have not vet been analysed.
' Mr. D. W. Fenwick reporta that six principal I'res of
research on Heteroders rostochiensis have been followed during the
last year.

V iabilitu ilelermi nalions
The-investigations into the hypochlorite,technique menlioned

in the previouiyear's rePort are almost com,Plete. The method of
arrivin! at a r&able toial count o[ eggs plus larva per cyst has

been uiitten and accepted lor publication. A funher refinement
resultine in a saving of at least 60 per cent. in time has been intro-
duced 6y Miss E. -Reid and is published as an appendix to the
paPer.

Lantal emtrgetce
The oro-blem of larval emergence has received considerable

attention'and has been investigatad trom the point of view of "in
vitro" laboratorv experiments-as well as in pots of soil. A pre-
liminarv staee t6 "in'vitro" experiments has been the investigation
of vari;b iti and this forms the subiect matter of a Paper at present
in the oress. As a result of this work it is now possible to set uP
exoeririents and obtain results of a predictable accuracy and thus
eniure that efiects of any given magnitude can be detected with a
reasonable desree of certaintv.

Investieations into the iorm of the hatching curye are now
comolete a"nd have been recorded and are accepted for publication'
The'siemoid nature of the curve has been established as a sufficiently
close ipproximation for probit analysis to be p-racticable 

"U-sing
this. it'ii oossible to define any hatching curve by means of three

.orritantr it) tt" tota numbei of larva liberated, (2) the..time at
*t i.t SO iei cent. of the larva have emerged, corresponding to a
probit val^ue of 5, (3) the standard deviation of the hatching time,
i:orresponding to the slope of the probit line.

gxloerime]nts have been conducted with anhydrotetronic acid,
which L verv active in inducing larval emergence. Its efiect under
different con"ditions is being investigated with the obiect of determin-
ins an ootimum. One complication regarding its use is that two
diEerent iamptes of the chemical appear to have behaved difierently'
The 6rst mairifested its maximum activity at l:2000,at which it
was onlv sliehtlv less active than was the root diffusate. The
."cond s-amoie. hbwever. appeared to be most active at I :1000 and
its maximuin activitv appiared to be considerably less than that of
the Drevious samDle.- The first sample in solution in distilled water

""",i a oU of beti{,een 5 and 6 but tLe second in solution gave a pH
3t t"t*'""" 2 and 3, and this discrepancy is now being investigated'
Great importance is attached to exPeriments on- this ch-emical

since its dction aPpears to be very similar to that of root diffusate,
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andit is hoped to utilize it linalll. as a standard aga.inst which samples
ol drltusate can be tested-

A considerable amount of preliminary work has beeu carried
out on the problem of larval emergence in sbil as well as on the desree
of persisteuce of root difrusate in soit. In the lormer ca"" " li.s"
scale preliminary experiment has been conducted in which potaio
plants of three varieties were gronn in a 3:l mixture of loair and
sand. Leachings from tbese pla.uts were drained into tbree tvoes of
naturally infested soil. It was found that teachings frciti soil
alone resu.lted in a 50 per cent. hatch, whilst ir the cise of potato
lgachings about 86 per cent. of the larva emerged. SisDifcart
differences were found to exist between soils and thire was Evidence
of di.frerences in degree of emergence due to leachinss from difierenr
host varieties. A -paper has den *ritten on this'"ubi;t ;d';".
been accepted for publication. Further experiments arl in proeress
on the persistence of root diffusates in soil.

Porulation fuetuations
Parallel with expriments on larval emergence a series of

experiments has- been conducted to investigale fluctuations in
eelworm popllations during the growing sea_ion. This has be;
approached from two angles (l) &timation of the sross chanses
occurring in the- whole population and (2) the rate of ienetration"oflarva into new hosts.

F aclors inf,ueacing lantal lenetralion
. Repeated failure to obtain infections by inoculating larva into

clean soil conta.ining growing potato planis resulted ;, ;rtd"t ;
smple experiment on tbe effect of difierent conditions on the oe-ne_
tration o[ eelworm larva. It was found impossible to inlect o'lanis
grown ulder greenhouse conditions and veiv few cvsts dev6tooed
on plants grown in full sua. The hishest viell of cvsis was obtaiired
from plants grown in ttre shade and ir graiel pluneis. ttis tefieveJthat this result is a temperature eEect, ihe fiien tem;ratures
lltained in a -green_house being detrimentat to h;val peietration.
!urther experiments oE this are contemplated in the coiring season.

D -D experimmts
A number of small scale experiments have been carried out on

the soil fumigant D-D. The rbsults of experiments meotioned in
last year's report on the apparent unretiabiiity of tbe ,.buried Lag';
technrque are now complete and a letter has been written to
"Nature" on th.is matter.-
_ "In yrtlo] experiments are in progress on the nematocidal

effects--of D-D under difierent pbysi-cal-and chemical conditions.
The efiect of humidity has been 

-investieated: 
and it h.c b,ee;

found that a high humidity is essential for-maximum efiect.An experiment has been carried out on the nematocidal
properties of four different samples of D-D. It has been fouad thatthe samples exhibited significant difierences in nematocidal
properties, these difierences being ruost marked at hieh mortalities.It was found that 7 tines as much of one sample as 6f another was
needed to secure a gg per cent. kill. The resulti of these exoeriments
have been recorded a-od accepted for publication.
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Funsi inkdi*s Heterodera cysls
I"n c6niunfoon with Mr: C. L. Duddingion of Regetrt Street

Polvtechnic, an investigation is in progress on tbe identity and
Uioio"u ot iunsi found"inJectng HAb;ada cysts. A number of
thed"have bee"n identified and there can be lit e doubt tlat at
least one is DreseDt as a natural infection within the cyst. Attempts
are beine niade to fintl a fungistatic agent which will Prevent the
developrient of these funei in i'atching experiments. The possibility
o1u.i"! tlese t""gi on a"6eld scale aia niethod of biological control
is beine considered.

In C-oniunction with Dr. Marv T' Franklin the analysis of data on
the larvJlengths of difierent siecies of Helqodoa is complete and
has been acceoted for publcation'

Co-operati'on with br. H. C. Gough of Cambridge in long term
investigitions on eelworm population changes during crop rotatrons
on difC-rent soils is also continuing.
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ENTOMOLOGY DEPARTMENT
By C. B. WTLLTAMS

Srern'
During the period Mr. R. A. French joined the stafi as an

Assistant Experimental Oftcer, Dr. G. O. Evans has worked on a
grant from the Forestry Commission, and Mr. J. E. SatcheU has
worked since August, i949 on an Agricultural-Research Council
Scholarship. Mr. C. J. Banks also came to work early in 1g4.9 on a
res€arch graDt for the Agricultural Research Couircil to studv
Biological Controt, but uniortunatelv was taken ill shoruv afte;-
wards and was not able to resume 

-his 
investigations duf,ng the

year.

INsEcr EcoLocy
Dr. Williams has continued his work on the relation of insect

abundance to weather conditions. Trapping, on which this work is
based, rvas continled throughout the yeir in three traps-bringing
the post-war period of trapping to 3; years. Trap-pine w f E
stopped early in 1950 when tbe founh post-war year-is cdmpteted.
All the uork of the year supports tbe previously published iesults
on the relation of activity to weather conditioris.- Insects are, in
general, more abundant after wet weather in the summer and alter
warm weather in the winter.

Work was continued on the relative abundance o{ difierent
species of insects in random samples of wild poputations, with
particular reference to the interpretation of the fr;quency distribu-
tion either as a logarithmic seriLs or a log-normal distri5ution. A
big experiment carried out in JuIy I9{9 unfortunately gave incon-
clusive results-

Many oI the results of these investigations have been fouad to be
applicable to botanical problems and a paper is in the press discussins
the relation of the logtrithmic series to iluadrat sampting of ptantl

Work on migration of insects conrinues chieflv thiouel the
co-operation of naturalists in different parts of the-world. -There
was no outstanding immigration of pesti into Britain during 194g.

Geu Mrocrs
Dr- Bames reports that the expected fall in numbers of the wheat

blossom. midges 11 1949 took pLace, tbere being 2,698 larva of the
species in the 500 ear sa.mplel as compared ririth tS,+lZ in tg+g-
The percentage grain att-acE fell from 14.7 to 2.7. The year 1949
was not such a good one for emergence as was 1948 and thl weather
at tbe time -o[ oviposition was not particularly favourable. The
descent oI the larv.e from the ears-took place about lTth Tulv
which was about the same as in 1946 and 1iN7, but earlier thai ii
1948, atrd later than in 1945, a particularly earty year.

His investigation of. Coitarinia nisturtii' was DarticuLarlv
successful. He was able to rear this midse obtainei from th'e
blossom of Roippa amphibia both on the 

"blossom of this plant
and _of sqedes, and also midges from rape leaves on tumip, radish,
swede and cabbage leaves as well as on the blossom of raain. tne
cross between midges obtained from Roippa blossom and rape
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leaves proved fertile, the ofispring being reared successfully on
turnip 

-leaves 
and Rorippa blossom. lt can therefore now be

statea that Contarinia iasturtii, tt,e swede midge, will both cause
blossom and leal damage on cultivated Crucilers and that only one
species of midge is involved.

The general work on the biology of gall midges has continued;
species on sweet chestnut, wheat, barley and among lettuce, poppy
ind Calendula seed having been reared and over 1,000 slides having
been added to the collection. Volume 6 oI GaJl Irlidges of Economic
lmportance dealing with those attacking Miscellaneous Crops was
ooiii.h"d on lsth Seotember. 1949. Mri C. S. Tsi of the National
i'eking University spent the last month of the year studying gall
midges with Dr. Bames.

SLUcS

The ecological investigations on slugs has mainly been con-
centrated onlwo particuhr tines. A nightly (for 214 successive
nights and at intervals subsequently) study was made on a popuJa-

tioin of 1,000 individuals of the Grey Field Slug introduced into a
garden where this species was previously absent although it was the
tominant species in surro,-ding gardens. The study-showed that
this species;l slug was able to maintain itseU and breed successfully
ir this garden and that apparently its previous absence was probably
due toihe very great drying-out-capacity of the soil (due to lack of
humus). Thid lick has'bein diminished during recent years, but
the drousht of 1949 nearly caused a complete wipe-out again. This
diminuti6n in numbers diring the summer and autumn of 1949 was

also apparent in neighbouring gardens, although other sl-r'g species
(oerhaoi thicker skinned) did not show a similar reduction in
ir'umb.h aue to the lack of moisture. This study also emphasized
the difierences in temperature in the various parts ol -a -typical
earden. under walls. plints, trees, etc., with the result that individual
brey Field Slugs weie seen active on all but five nights during the
winter of 1948-49.

The other particular investigation on slugs was--a prelimina-ry
experiment in. marking slugs by painting the shell of TestacelJa

wiih'cetlulose aceiate paint. Two groups were marked and such
individuals were seen-fairly regulaily for about a month after
markine but more ialreqdentli latir. One marked individual
was, ho'wever, observed i yeaf but a day after marking. If a
satisfactory method can be 

"found it will make Possible studies of
absolute populations.

Addiiioial information was gathered conceming the life history,
breeding, mating periods, etc. oi several species of slugs.

PopulArroN Gnowru exo Drunlter- Ptmonrcrtv or Aphis faba
Dr. Johnson reports that with two disc suction tr-aPs oPerating

o,,e. 
"'b"ao 

field 
-and near a sugar beet crop, an hourly record

has been obtained over a period of 6 weeks of the fluctuations in
population and activity of-the bean aphis an( many other species.
Lf the same time hourly records oI wind-speed, temperature,
hours of sunlight and rainfill have been taker. Together with these
data the popihtion growth on the crop has been studied and work
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is in progress on the analysis of population and acti\.ity itr relation
to meteorological conditions.

Coupenrsox oF TR{Ps
Further work on the comparative performances of sticky traps

and suction traps \Yas undertaken.

MoVEMENTS oF INsEcrs IN rse Upprn Arn
It has been shown during 194&1949 that the aerial tow-nets

normally used for studies and in use also at Cardington are subject
to very grave samplirrg errors- This has necessitated a revision oI
trapping methods particularly those in use at Cardington. Special
suction traps have been designed and constructed which will be
used for aerial-drift studies at Cardiagton in 1950.

Much of the time in 194&9 was occupied in analyzing and writing
up the work of the last three years.

Dr. Ra\^, reports as Iollows'-
CsarBns

A study of the ecology o[ the garden chafer, Phyllapeiha
horlicola, wbich was begun at Bristot was completed after appoint-
ment to the stafi a.t Rothamsted. A thesis embodyhg the results
oI this study was accepted by the University of Loadon in June
1949 for t1te Ph.D. degree. This work is now being redrafted for
publication.
'l rnrwonus

The changes in wireworm population under leys are being studied
in the ley and arable rotations experiments in llighfield and Foster's
Field. These experiments enable the problem to be studied under a
variety of leys on the same soil type begindng, in Highfield, with a
relatively high population from the perrnanent grassland, and in
Foster's Field with a low population from the old axable lard.

In collaboration with the Insecticides Department, plots in the
wireworm experiment on Hoosfield were sampled to estimate the
efiect of the chemicai treatments ou the wireworm populations- It
was found that the $,ireworm population fell rapidly on all the plots
during the course oI the experiment and this, together with the
practical difficulty of making ar accurate estimate of a relatively
low wireworm population on arable land, masked a.ny treatment
efiect which may have occurred.

Emtrwonxs
The cultures from the life history studies begun by Dr. A. C.

Evans were kept going pending tbe appointment of a full time
worker to continue the earthworm work. In the spring of 1949
Dr- Doeksen from Wageningen visited the Department atrd demons-
trated an electrical technique for bringing earthrirorns to the soil
surface. If this technique can be developed for quantitative work
it will be a valuable aid to ecological studies-

In collaboratioq with Mr- Garner's Department, an exhibit on
earthwoms was staged at the Chelsea Flower Show in May f 949.

In August, 1949 Mr. J. E. Satchell was appointed to the depart-
ment on an A.R.C. scholarship and will continue the work oo
earthworms, particularly t"he development of the electrical saEpling
technique.
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Dr. G. Owen Evans rePorts as follows :-
TrcKs

During the early part of 1949 the results of investigations on
the ecology of ko&i zrazls in Wales were prepared lor presentation
to tbe University of rffales for the degree of Ph.D. The thesis was
successfully subfuitted in April and tfuee papers on this work are
now in press.

INvEsrrcATIoNs oN TIIE FAUNA oF FoRxsr Sorls
The major part of the field work has been conducted at the

Forestry Commission's Nurseries at AmPlhill, Beclfordshire. The
chief pioiect is the investigation oI seasonal fluctuations in the soil
fauna of i Spruce and Oak Forest- A study of this nature involves
two fundam6ntal problems, namely, the ext-raction and the identi.frc-
ation of the fauna,

Ertraclion
A comparison of the Berlese and the Floatation Method, using 30

samples (soil and humus) 2 irr. in diameter and to a depth ot 3 in.
fmm 4 sq. ft. of the floor oI a spruce Forest, showed that there was
no simificant difierence between the yieltls of arthropods above
O.5 mim. in length. The Berlese technique was more satisfactory for
smaller arthropods. This was probably due to the destruction of
minute Acari during the washing process and the Passage tbrough the
sieves (180 meshes to I in.) used in tbe floatation process' Extract-
ions bv the Berlese method from the Spruce stand in November
vielded an estimate of 1,100 million arthoPods per acre (to a depth
i,t S in.1 ot which 330 million belonged to the Class Insecta and the
remainder to the Arachnida.
I dcnli fi*ation

TIie identiication of the fauna preseats one of the most difrcult
problems conDected with Iaunistic surveys. A dearth ol specialists
ia the field makes outside assistance limited. In the Present studies
Dr. Evans has concentrated on the Acarina (especially the Oribati
da) which are the most numerous of soil arthropods. A Iarge number
of lamples collected from various sites have yielded over @ species
oI Oril5atid mites. These have beeu identi.fied and mounted lor
future reference. Dr. H. Gisin, Geneva, has kinclly assisted in the
identiJication of the Collembola.
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BEE DEPARTMENT
By C. G. Burren

As in previous years several members of the department have
read papers and given demonstrations at meetings of Scientific
Societies, Beekeepers' Associations and other organisations. An
Extension Course, arranged by London University, on the Physiology
and Behaviour of the Honeybee was also given by Dr. C. G. Butler.

During the course of the last twenty-five or thirty years, very
considerable advances have been made in the study oI the sense-
physiology and behaviour of the honeybee. As a result, numerous
papers have been published in the world's scientific joumals, and
the need for some comprehensive account of the senses oI the honey-
bee and the manner in which she uses them has become increasingly
apparent. An attempt has been made to frll this want by the public-
ation of a small book giving the results of some of the work (169).

Members of the department have continued to serve on various
Committees such as the Bee Disease Advisory Committee, British
Standards Sub-Committee for Beekeeping Equipment and the
B.B.K.A. Research Committee. A new Bulletin on beehives has also
been prepared {or the Miaistry of Agriculture and Fisheries.

BEHAVIoUR oF HoNEYBEE IN TEE FIELD
Although the s€nse physiology of the honeybee has been exten-

sively investigated, notably by von Frisch and his school, relatively
little work has until recently been done on the way in which these
senses are employed in the feld, desPite the fact that a sound know-
ledge of foraging behaviour is an essential pretiminary to the ProPerly
controlled emplojmeot of the honeybee as a pollinating agent for
fruit and seed cro1x.

Since 1939 a great deal oI attention has been given by members of
the department to this problem and as a result a number of papers
have been pubtished.

In l9{3 Butter, Jefiree and Kalmus (J. Exp. Biol. 20, 65-73)
published the results of some work on the behaviour o{ marked
honeybees when seeking sugar syrup from dishes and also when
collecting nectar from various kinds of flowers. A large number of
dishes were used in tbese experiments and were regularly arranged
at twenty yard intervals from one another in a meadow. The data
obtained confirmed ald extended the work of earlier observers and
indicated that once a honeybee has discovered a rich and abundant
source of qrrup or nectar at a particular site she teuG strongly to
confine her attention to this one site for hours and sometimes days
on end; in the case oI a dish of s1.nrp to one Particular dish and in
the case of a plant to a definite and restricted area oI the crop of
flowers.

It was observed, however, that although this was the general rule
there was, particularly when the supply of s1'mp ia a dish failed
or when the nectar supply in a group of flowers became diminished,
a tendency lor some of the bees that had been visiting a given dish
or group "of flowers with geat regularity to visit -neighbouring

dishes oi flowers. Since, however, the general tendency was clearly
for a bee to confine her attention to a definite " foraging area "
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little signifcance was attached at the time to the Yery smalJ, pro-
portion"ot the total toraging population that was Yisiting a dish or
erouo o{ flowers which s[raved on to adiacent dishes or flowers. It
ivas irlso found that when the bees were offered syrr.p of two different
concentrations in dishes set out at random in a field the bees tended
to congregate upon those dishes which contained the more concen-
lratediyi.rp. Bees have frequently been observed at any given time
to chooie tlre species o[ flower which is lelding the richest nectar,
and ia 1945 Buller (J. Exp. Biol., 21, 5 12\, as a result of further
work, reached the conclusion that rectar concentration determines
in the first instance which species of plant will be visited in preference
to others in flower at the same time in anY given district, and that
the abundance oI the nectar then determines the proportion o{ the
foraging population of a colony which will work the flowers with
the richest nectar.

In 1949 Ribbands published the results of some observations
on the movements of honeybees which were foraging in a specially
planted garden. The bees were so marked that each individual could
be readilv recomised from all other individuals.

The eirden coutailed five kinds o[ flowers which were arranged
in ]ong r6ws and larse beds, and the visits of marked bees to individ-
ual fldwers in this g-arden were very carefully noted. In one part of
the garden there w:as a row ol Eschschollzia plants growirg paralJel
to a"nd onlv nine ilches awav {rom a similar tow of Limnanlhes
plants. Boih species were in flower at tbe same time and although
ihe Eschscholtzia plants were taller than llne LimnanJhes plants, the
flowers of both wtre intermingiing to a considerable extent. Yet,
desoite the close Droximitv of these flowers to one another most of
the'bees visiting them worked one or other of them, completely
ienorins tbe othir. Two marked bees, howevet, were lound to be
.iort<ini both croos. and one of these bees was watched for two
consec;tive d"ys ind each visit paid to each 6ower ir tbe garden
was recorded. 

'At 
first this bee appeared to be visithg both kinds

oI flowers indiscriminately, later it was noted, however, that duritrg
the course of the morning the proportion ol Eschscholtzia flowers
visited per foraging trip was gradually increasing, the proportion
rising fr-om 37|o on the second foraging trip of tbe day to 610/o on
the sixth trip. The process was then reversed and the proPortron ol
Esckscholtzii floweri visited per trip fell rapidly and consisten y,
eventuallv taling to 0 2% on the last trip of the day. These changes
in the prbportion ol Eschschollzia and' LimnaflJhes flowers visited
per trip weie accompanied by changes irl the period of time required
Lv thid bee to collect a firll load and it would appear to be likely that
liey resulted lrom changes ia the relative attractiveness of the two

"tonfn"." reg'lar changes in the proportions of the flqtrers oI these
twn snecies -that *'ere visited on each lorasing expedition indicatetwo species ihat *'ere Yisited on
that this bee was not foraeing in

Ioraging expedition indicate
was not foraging in a random manner but was making
efinite choices, based, presumably, on her ability to

that
a series oI definite choices, presumably, on her ability
appreciate chalges irr the relativeattractiveness or Iood content of the
fl'oivers oi these iwo species at different times of the day.

The increasing length o{ time spent by this bee on each successive
foraghg expedition throughout the day indicates that tt,e Lirn'
nanihcs- flowers were becoming less and less productive, but the
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single visits paid, to Eschscholtzia flowers every now and again
indicate that at each time ol sampling tLLe Eschschohzia flowers iere
still found to be less attractiie tlan the Limnanthes flowers.
Ribbands pointed out that alter only a single unsatisfactory yisit
to an Eschscholtzia flower the bee returned to the Lirnnanthes
flowers ; each unsatisfactory visit to at Eschscholtzia flower appear-
ed to reiaforce the impressiori created on this bee by previous urliatis-
factory visits to this species, with the result that the interva.ls
between the occasiona.l visits made to tljle Eschscholtzia flowers grew
progressively longer. It would appear as though this bee was
exercising both choice and memory, and that she- was continually
selecting tbe flowers of that species which was most satisfying to her
at the time. Results illustrating similar behaviour on the part of
other bees working in this garden were obtained.

It appears to be reasonably certain, therefore, that honeybees do
not wander over a crop of difierent species of flowers at random,
visiting first one species and then arother, but rather that they
quickly become accustomed to visit one particular sprcies and a
relatively small part of the total area occupied by a crop of flowers
of this species. Every now anil then, however, a bea will visit
e4xrimentally a few flowers of another species growing in the vicinity
possibly only the flowers of one that is growing in the immediate
vicinity, and, should it prove to be a more profitable sowce of {ood
than that species, or, perhaps, than those species, which she has
visited hitherto, each bee will select for hersell a Ioraging area on the
crop of this new species of flower and will remain faithhrl to it just
so long as she does not discover, during one of her experimental
visits, an even more profitable source of Iood elsewhere.

Recently Miss G. Wykes has been attempting to determine
vhether the vadations which are known to occlrl in the composition
of the total sugar content of floral uectars influence the prelerence
showa by the honeybee for the nectar of one species of flower over
that of another. Equal volumes of solutions of the same concentrat-
ions, but differiag in constituent suga$, were offered to bees irr the
field and the preferences of the visiting bees noted. It was found
that at the concentration of the solutions that were ofiered a signific-
ant preference was shown by the bees for a solution containing
sucrose, glucose and fructose in the proportions I : I : l, in compad-
sotr with any solution of the iadividual sugars, or of mixtures of
these sugars ia various proportioDs. This result appears to be of some
biological significance since nectar, the natural source of carbo-
hyclrate for the bee, normally consists o{ a mixture of these three
sugars, possibly in certain cases in the proportion 1 : 1 : 1.

This investigation is being continued in the laboratory and
similar resu.lts to those in the field have been obtained, but
further experiments have shown that the relative $reetness to the
honeybee of the various sugar solutions almost certaioly va.ries with
their concentration, as is the case in man.

During the last few year Butler has been investigating the
method by which a scout bee, that is to say a bee which leaves her
hive without any preconceived ideas of where she is going to seek
food or with what perfume it is associated, 6nds a new source of
food. He has Iound that the honeybee is attracted to arly area iD.
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which a strong floral perfume, such as oil-of-Iavender, is present, and
that she then tends to s€ek nectar from any small crevices in any
small coloured, preferably pattemed and moving, object, such as
a disc of coloured paper, in this area.

Once a scout bee has been led to a source of food by the presence
of a strong floral perfume, followed by colour or Pattem, she samples
the contained food and should it prove profitable to work, that is
iI it is both rich and abundaat enough to satisfy her, she retums
to her hive, and by means of the " dance language " discovered by
von Frisch, quickly recruits further bees to work the source that she
has discovered.

THE EFFECTS oF ANAESTEETICS UPON FORACING BEEAYIOUR
C. R. Ribbands has continued his work on the efiect of various

anaesthetics upon the foraging behaviour of bees, and a palrr on
this subject will be published shortly (167).

He has demonstrated that anaesthesia with chloroform does not
either impair the memory, influence the foraging behaviour or
reduce the longevity of honeybees. Oa the other hand, anaesthesia
with carbou dioxide, although it does not impair the memory of
treated bees, does result in a permarent change in their behaviour
but has no dircct €fiect upon thei longevity. The Pollen collecting
activities of bees treated with carbotr dioxide are eitber eliminated
altogether or very markedly reduced. Similarly the treatment of
newly emerged bees with carbon dioxide results in the elimination
oI all or most of their brood rearing and wax secreting activities and
causes tbem to commence to forage at an early age. Since foraging
Iife is necessarily more hazardous than life within the hive, the
expectation of life oI bees that have been treated with carbon
dioxide is less tban that of control bees that have not been treated
in this way.

The effects of anaesthesia with nitrogen are similar to those
obtained with carbon dioxide. It would appear likely, therefore, that
temporaxy oxygen lack is the Iactor which results in the changes of
behaviour mentioned.

Attempts are being made in the laboratory to study ttre physio-
losical etrects of anaesthesia with carbon dioxide on honeybees, arrd
au" attempt to discover the fundamental nature of the bisis of the
division of labour exhibited arnongst the worker bees of every
colony. Little success has been acbieved so far, however.

PoEEN TRAPPING
The regular routine trapping of samples of pollen which has been

carried out {or several years by means oI pollen traps placed on the
entrance of [iy6s qonfaining normal colonies oI bees has been
discontiaued for the time being.

Although this technique is undoubtedly a useful tool for ttre
elucidation of certain specifc problems it appears doubtful whether
routine trapping, with the heavy labour of sorting the catch iuto its
constitueDt pollen sllecies, will yield further results of major import-
ance unless some method can be devised to oyercome some of the
errors inhereut in the present apparatus. The lnllen traPs so far
devised are all of the sarue basic design and sufier from the serious
disadvantage that they trap a higher proPortion of the laryer sized
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pollen loads. It is characteristic of some plant species that bees only
collect very small loa& of pollen from them and these loads, although
they may in the aggregate be extremely important in the economy
of a colony are almost entirely missed by the pres€nt traps.

J- Simpson has further elaborated his keys, based on those
worked out by ItIiss A. D. Synge when she was a member of the
department, for the identiication oI the pollens of British plants
visited by bees. These keys are, together with the fairly extensive
pollen collection, in constant use in the department and are thus
being subjected to considerable testing. It was hoped that it might
prove to be possible to publish a monograph on the identification of
the pollens of bee plants occurring in Britain, but the heavy cost oI
reproduction of the necessary photomicrographs appears to make
this impossibte, at all events Ior the time being.

BEE BR-EEDING AND STR-A.IN TRIALS
The development of the technique of artificial insemination of

queen honeybees has been continued, and certain small advances
have been made. Much work stillrequires to be done on the study oI
the sexual development of drones, however.

Between June 9th and August 20th, 191 queens were inseminated
and, on account of various accidents such as the destruction of a
large batch of queens early in the season by overheating with a
microscop lamp, less than 50 per cent were wholly successful.
None the less 43 queens of various strains which it was desircd to
test were introduced into colonies in out-apiaries and continued to
Iay well and produce satislactory brood. The development and
behaviour of these colonies will be studied in detail during 1950.

During 1949 the development and behaviour of the inseminated
queens of different strains introduced in the summer of 1948 into
nuclei in one of the out-apiaries was studied and some useful infor-
mation obtained. Some of the colonies headed by these queens did
remarkably well, and the difference observed between the diflerent
strains of bees in the apiary was well marked.

\Vork has been commenced in an attempt to distinguish bio-
metrically bet\ een the difierent strains of bees maintained by the
department. Since the production by means of instrumental in-
semination of the large number of queens necessary for strain trials
is an extremely tedious business, it is hoped that it will prove to be
practicable to mate large numbers of queens with selected drones in
normal queen-mating apiaries and, by studying the biometrical
ratios oI the ofisprirg of queens mated in this way, to be able to
select those queens that have mated with the drones desired.

Instrumental insemination will, of course, continue to be
employed for the production of breeder queens,

NEsr-a.R SECRETToN
Miss G, Wykes has continued her work on the influence oI the

available supplies oI carbohydrates on the process of nectar secretion
by various flowering plants. By placing flowers of the same age in
feeding solutions of varying sucrose conteot sbe has found that with
increasing concentration of the feeding solution, up to about 20
per cent., there is a proportionate increase irl the concentration of
the nectar secreted by the flower and in the total amount of sugar
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secreted. No sitnificant differences were observed when the feeding
solutions consisted of glucose, fructose or sucrose of the same con-
centration. By means o:f ringing and defoliating experiments with the
flowering shoots of horse{hestnut and apple trees it was shown that
interference with the normal carbohytlrate supply either before or
during the flowering period, results in a partial reduction, or total
cessation, of nectar secretion.

An attempt has also been made to determine the possible effects
of insect visits on Dectar secretion. Preliminary results suggest
that frequent withdrawal of nectar from a flower by insects tends
to stimulate the secretion of further nectar.

Svnup Freorxc
I. Simpson is investigating the composition of the stores of

"ho-ney" resulting from the autumn feeding of sugar synrp to
colonG of bees. A few analyses undertaken in 1948, and the results
so far obtained in the examination of a more extensive series ol
samples resulting from 1949 feeding, have shown that '' honey "
pro<iuced from autumn fed sugar synrp has a somewhat lower
water content, and a very much higher sucrose content than normal
floral honev. These results were obtained when both concentrated
and dilute-s1mrp was fed and whether feeding took place early or
late in the season.

HuMrDrrY rx rsn Wrxrrn CrustPn
I- Simosou bas now completed a paper on the humidity of the

atm"osphere within a wintef cluster bf-honeybees (l@) and,has
foundihat variations in the atmospheric conditions outside the hive
have little efiect at normal winter temperatures on humidity within
the cluster. He has also continued his previous work on the water
balance of the individual honeybee by making use of Dixon's
constant pressure modification of the Barcroft respiratory mano-
meter to measure the loss of water by individual bees.

It is fett that the results so Iar obtained require confirmation
bv other methods, but thev suggest that bees are unable to comllen-
site for variations in afmospheric humidity by control of the
evaooration of water from their bodies, ard that when a honeybee

is in a state of rest very little of the water lost Passes throu8h the
spiracles.

Nossu.l eno AMoEBA DISEASES
H. Hassanein has continued his work on the development of

these diseases in the adult honeybee and on their influence uPon the
behaviour of iofected individuats.

EURoPEAN FouL BRooD DlsEAsE
Mrs. Schreiner (Miss E. Kops) has continued her attempts to

..r,eat the observaiions of Pr6f6ssor R. Burri of the Liebefeld
inttit"te, Berne, on lhe Bacilfus euryilice, Bacillus ahtci, Bacillus
hl ton comDlex. So far no results similar to those rePorted by
ilrofessor B'urri have been obtained and in no case so lar has B'
bluton bee recognised in a pure culture of B. eurydice.
' (This work, Jnce ![iss Kops'marriage, has b€en trans{erred to
Canibridge for the time being.)

e
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INSECTICIDES AND FUNGICIDES
DEPARTMENT

By C. Porun

. Tle gnly change in the scientific stafi of the department con-
sisted of the appointment of ltl.r. P. Burt as research entomolosist.
During the course of the year Mr. A. H. Mclntosh was awarded-the
Ph.D. degree of London University.

The lack oI accommodation and in particular lack of facilities
for providing controlled environments wias felt even more severelv
than in previols years, but deficiencies in equipment, have, to a veri
large extent, been remedied.

The central theEe of work of the department continues tb be the
laboratory. study -of the faclors that -afiect the susceptibility of
iDsects to insecticides. In addition some special studiei have lreen
undertaken and some field experiments carried out.

CnBurcel

Anolytical chartislly
Rotznnne. During the year a series of analvses were made on a

sample sent in by the Board oI Greenleeping desearch.

_ P)ndhrum. (a) World wide cotlaborative analysis of pyrethrum
flowers. Assistance was given by the deDartment ir the;6Daration
of a report on this subject, ba-ied on tire work carried'oul in the
previous years. (b) Colour reaction. It was observed that a colour
reaction of carboxylic acid derivatives was also applicable to the
plrethrins.

Heradhyl letrafhosphale- Estimations of the tetraethvl Dvro-
phosphate content of samples of hexaethyl tetraphosph;te ';ere
garl-e_d .oqt using the method of Jacobsoi ana daU is modifred
by AJbright and Wilson to avoid int;rference due to added materials.
Physical chctttislry

- lhe efe! oJ panicle size oJ suspercions of contact inseclicid.es or
thet.t _lotc.tctry as conlact por'sozs. This work has been continued
mauly m order to try to explain why D.D.T. in the form of Laree
crystals is easily taken up thiough th; insect cuticle and crvstalliie
rotenone, under the same conditions is not-
. It is supposed either that D.D.T. is considerably more soluble

than rotenone in the outermost (wax) layer of the Gsect epicuticle
or that the critical particle size, under which solubiljtv 'be€omes

greater than normal, is difierent for D.D,T. in wax than 16r rotenone
in wax, On this basis it would be expected that at a low temperature
after. treatment, small particles of O.O.T. would be moie toxic,
relalive to large, than at a higher temperature after treatment.

Experiments have been cirried out which show tha.t this is so.
D.D.T. need_tes (350g,) are about five times as toxic to adult Tr.iboliur
castanaurn Hbst. as D.D.T. colloid when the itrsects are keDt at 2i"C.
after treatment, but at I l"C. the colloid is about twice L to*i" ".the. needles. With adults Oryrzaephilus surinamensis L. as test
subjects the results are more marki:,C. Part oI this work has been
published. Further experiments along these lines are coDtemplated.
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Srrface aclioe age s. The work started in 1946 on the efiect of
surface active agents on the behaviour of chemicals applied as

contact insecticides in aqueous medium is being continued. No
consistent large difierences in the todcity of the insecticide due to
d,ifiereqt surfice active agents has as yet been found, but difierences
uo to three or four times may dccur- Difierences in the surface
aitive agent used may afiect considerably the physical state of the
deposit of insecticide. This work is being continued.

Biochemical
The survev of the effects of insecticides on the oxyten uptake of

insects has been continued and a paper describing the exPerimental
technique devised and some oI the iesults obtained has been accepted
for publication.

Freliminarv work on irsect esterases has been carried out, and
extracts of thimeal wormTettbrio molilor both adults and larva, and
of the flour ber-lle, Tliboliurr. ctslaneum Hbst' adults have been
shown to hydrolyse rapidly ethyt butyrate and o-nitrophenyl acetate.
Extracts of adult T. castareum did not apPear to show any actl!'lty
in the hvdrolvsis of acetvl choline.

Somi wor'k has been done on the capacity of organo-phosphorus
compounds used as insecticides to inhibit the activity of these insect
esteiases. The hydrolysis of o-nitrophenyl acetate is inhili!9d !y
E. 605 (O.O. dieth'yl-o-i-nitrophenyt thionophosphate) and H.E.T.P.
Itlexaethvl tetraDhosphate). At pH 6'5 and 25'C. the concentration
iequired io eive'so ier cdnt. inhibition is approximately l0-7 M
foiE. 605 a;d l0 -s i{ for H.E.T.P. when estimated on the basis ol
the presumed active constituent-tetraethyl P,'roPhosPhate. An
attempt is being made to integrate this work on the mechanism of
action of poisons with that on bioassay methods as outlined in the
section oribioassay. It is proposed to continue the work both or the
eflect of poisons on the bxygen uptake of insects and on insect
enz),me systems-

S v nlhdic orsaflic chemislrY- Work is'proceeding 6u the synthesis and reactions o[ keto-
alcohols related to the p,'rethrins.

The aim of the wt,ili uader this heading is the study of the
relationship between molecular constitution and configuration and
insecticidai activitv. The work is at present confined to the p].re-
thrins. Contact has been established with Dr- F. B. LaForge in the
Bureau of Entomology and Plant Quarantine, U'S.A., and collabor,a-

tion established with-iDr. S. H. Haiper in England. An account of a
toxicitv study o[ two compounds closely related to the P]Tethrins
obtain;d by the courtesy of Dr. LaForge is given in the bioassay
section.

BIOASSAY

O rc a no -bh o s bhorus com bounds'lnsiticiial aaioily of E. g)5,T.E-P-P. and. H.E.I.P. Following
uo work done in thi pievious year additional laboratory tests of
insecticidal activity of samples oI E. 605 (O.O. diethyl O.p. nitro-
phenvl thionophosirt ate), ff-.f .t.p. (Hexaethyt tetraPhosphate) and
t.p.f .p. ('f"ti".ttit't pyrophosPhate) were carried out.

The materials were'tesled ior thei efiect both as contact and
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stomach poisons and some preliminary experimetrts made on their
ovicidal effect.

C onttct efects
Laryaot Plrdellanawliben .is Cr.rt. (Diamoud back moth). E. 605

OI:Lq 0.0055% {v) was approximitely six times a" io*ic as
f.E.P.P. (40% Tetraetiyt pyropbosphatei (M.L.D. 0.035/" w/v).ril'hen measured at LDSO level, D.D.T. (U.L.D. 0.00.3860/^ ri,ivl ivis
slightll' more toiic than the E. 605.

-{dult. of Phacdon cochleaise (Mustard Beede). E. 605 IM.L.D.
0 006159io w/v) was twentv-five times as toxic is T.E.p.p. flOof
JgllfllyL pyrophosphate) (M.L.D. O.OlSg% w/v) mea-surea ii
LD50 level-

The T E.P P. was approximately sixteen times as toxic as
nicotine (Il.L.D. 0. a% *lv\.

Adllts of Tribol ium costan illlnHlbst. lFlourBeette). E. 605 (M.L.D.
0.00077500 w,v) u,as twenty seven iimes as toiic 

"" t'.E.p.p.
({0ol Tetraethyl_pyrophosphlte) (M.L.D. O.02Il% {v) forty four
times as toxic as H.E.T.P. n5% T;traethyl pyrop66spla'te1 6i.f.O.
O-O342o/o wlv\.
Stomach poison effects

Strips of food leaf bearing known dos€s of iasecticides were fed
to the last instar larve of Diataraxia oletuca, (Tonato rorrolhl-

]Jrg. figures- for the M.L.D. were taken dom the provr'konal
probit lines and were estimated in terms of mg. per larva, tbe larva
being approximately 0.4 gm. each.

E. 605 (commercial. sample) 0.003${.0045 ms.. T.E.P-P- tTSo/^
Tetraethyl p5nophosphate) -0.070 

me., lead arselrite (99ol- iurlj
0.075-{.090 mg.,D.D.T. (pure p.p. 'isomer) 0.012 -g. Thu;fi 605
was the most -toxic, being approximately ' 

th ree tim-es as toxic as
D.D.T. and about twentt t-imes as toiic as T.E.p.p. and lead
arsenate.

Odcidal efecls
Preliminary tests were carried out with E.605 and T.E.p.p. on

Lhe eggs of D;alaloxia elcracea (Tomato moth). prutella maculibettis
(Diamond back moth) a\d, Oligonychus ut fli'(Fruit tree rect siider)-

E. @5 showed high ovicid iffect to the leDidooterous e'ses it
concentrations from 0.1/o w/v to 0.0loi w7v Uui ttre t.Eip.e.
showed little or no toxicity at the same ioncentrations. Variable
results were obtained with E.605 on the red spider egss. in one testit appeared to be less toxic than D.N.O.C. at'O.l% i.,jr. f.e.p.i.
showed no action uDtil the concentrations ,""." ,.iLd'to 0.gol *1.,
when there was sode evidence of todcity.
Rd?l!9rr:hi| b.elt'egn the lrctaethlt pt"lerhasplrak co eat of H.E.T.p.aM tts tftseclrctdal and anli-xterase aclioily

It has been stated that the insecticidil activitv of H.E.T_p. is
entirely du_e_ to tetraethyl pyrophosphate present ii, it. a ,"ri"s oi
samples of H-E.T.P. were reCeived from Meisrs. Albright and Wilson,
with a request that their insecticidal activitv should & i""otin"iJ.
tt_was decided to carry out this work and ai the same time to "<leter_

mrne. what correlation, if any, there was between the insecticidal
actr!'rty. ol the samples, their conteDt of tetraethyl pyrophosphate
and their capacity to in_hibit the esterase activity. 

-fi6 
e"i".".i, *as
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obtained from larve of the mealworm (Tenebrio ualitotl.
It is proposed to do some more work on this subiect and to publish

a full account later.
From the figures dready obtained it would appear that while thl

tetraettryl pJ.rophosphate content gives some indication of both
insecticidal actiyity and of anti-esterase activity, other active
components are present in the mixtures.

fhe possibility of usiag anti-esterase activity as a method for
the estimation of insecticidal potency of samples of organo-phos-
phorus compounds oI similar constitution is under consideration.

N Isobutylamides
At the request of the Agricultural Research Coulcil three amides

of structures related to that proposed for Herculin (au insecticidal
material isolated from prickly ash bark) which had been s5mthesized
by Drs. Raphael and Sondheimer (Nature, 1949, 164,707\ were
tasted for their activity as contact insecticides.

Materials

A. crnrcn9cn(cH2)4cH=co.NH.cHr.cH<3Hl

B. c3H?cH=cH(cH2)4 c=co.NH.cH2.cr.3H'

c. c3H?c : c(cH2)4 c:co.NH.cHrcH <3H3

The materials were tested on apterous, viviparous, partheno-
genetic lemales ot Mauosi|hum solanifolii (potato aphid), fitlly
grown larve of, Plal.cll,a maruliletnis (diamood back moth), and
tdult Phaed.on cocwearia (mustard beetle). None of the materials
showed any appreciable toxicity at concentrations ranging from
0'5%-0.005% w/v when applied in aqeous medium conta.ining
l0o/o w/v acteone and 0'lo/o w/v sulphonated lorol.

Syrdhcti.c cot t,orands alllied tp the Pyretfuins
The announcement by Dr. La.Forge and his colleagues of the

synthesis of highly active esters of similar constitution to the
ptethrir:s was of special itrterest to us, siace work was in progress
ii the department on the relationship betweeD the chemical struct-
ure and biological activity oI the pyrethrins and similar molecules-

By the khdaess of Dr. LaForge and of the Chemical Biological
Co-ordination Committee of the National Research Council of
America, we obtained samples of the esters oI (-|)-3-methyl-2-
allyl-cyclopent-2-€ne-4-o[ l--one with the natural (+ )-tranF
and the synthetic ( +)--cis-trars-chrysanthemum monocarboxylic
acids.

The toxicity oI these two esters as contact insecticides y,as
compared with that o{ an extract of pgethrum flowers to four insect
species. It was found that both the absolute and relative toxicity
of the materials varied with the species oI insect used. The com-
pound with the natural acid a-nd slmthetic alcohol varied {rom about
iour times the todcity of the natual pyrethrins to the Iarva oI the
diamond back moth (Plutel,la naculipemis\, to about oue eight as
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toxic to the adult apterous viviparous females of the potato aphid
(Macrosiphum sol.anifolii Ashm.). The Iully sl,nthetic material
varied from approximately twice as toxic as the natural pyrethrins-
test subject, Plutell,a maculipenzrs Curt., to approximately one
sixteenth as toxic-test sttbject M acrosit'hunt solanifolii.

This variation in relative toxicity with the species of insect used
as test subject is irteresting since the compounds are chemically
closely related. The variation in relative toxicity with test subject
is further illustrated since the ester with the natural acid is approx-
imately as twice as toxic as the ester with the synthetic acid to three
of the test subiects, but was about 4/5 as toxic to the fourth. These
specific variations render the task of relating molecular structure
and configuration to toxicity dificult.
BIoLoGICAI
Bioassay techniques

A micropipette has been constructed for the injection oI small
quantities of insecticide into the body ca.vity of insects. The design
of the pipette is based on the Gilrnont illtra-microburette and the
Heal and Menusan irrjection pipette. A mechanical manipulator Ior
holding and positioning the insect for injection has also been built,
to work in conjunction with the pipette. No other apparatus for
precision injection has so far been described, and, in addition to its
use {or the study of the action of insecticides, it is proposed to study
the various factors involved in injection tecbniques which influence
the results oI the experiments.

During the course of the year some advances have been made in
the decision of the atomizing nozzle and, other parts of the Potter
spray tor€r. Some work has also been done on the relative import-
ance o{ the dtect contact efiect on the body of the insect and the
residual film effect using this technique normally employed with
this instrument. In general the results are an estimate of the sum
of the two efiects. It appeaxs that, in some instances, at least, an
exposure to the fikn alone gives a higher toxicity than direct contact
on the body of the insect alone.

The efect oJ stage deuel,opment on re$islence
Using the tomato moth (Dialaruxia oleracea\, the mealworm

(Tenebrio tnolitor), and the cockroach. (Periplaneta americanal wit}.
D.D.T. and pyrethrum as insecticides, a study has been made o{ how
resistance varies with the stage of development. Large difierences
in resistance, between difierent instars of a given species have been
found, and even within a given instar these difierences may be
considerable.

Pelsislence oJ insecticides on foliage
Work on this subject has been in progress irr the department for

some time and has now been intensified at the request oI the Colonial
Insecticides Committee, which is providing additional finance.

Preliminary experiments on the persistence of D.D.T. on foliage
rvhich rvere carried out durhg previous years has been followed up
in greater detail in 1949. Using turnip and cabbage foliage and a
number of different fqrmulations it was found that the type oI
foliage (sp. of plant) and the nature of the spray medium have a
considerable effect on the toxicity of residual films o{ D.D.T. Using
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D.D.T. in simple crystalline suspension it was shown that on cabbage
leaves the residual filns rapitlly lose their efiectiveness as a result
of attenuation of the deposit due to plant growth. Under these
conditions loss of D.D-T. due to sunJight and rainlall is of negligible
importarce. It was found, however, that within two days after
treatment and before a significant amount of leal growth had taken
place noticeable changes had taken Place in the efiectiveness of the
deposits. There was a reduction in toxicity to irsects which only
walk the surlace but do not eat the leaf and aI increase in toxiciry
to insects that eat the leaf as well as walking the surface. Chemical
analyses showed that over a period o[ one month there was no loss
of D.D.T. films on cabbage provided the plants'were not exPosed to
rainfall or to short wave ultra violet light.

Nattral f.rrctualion in the resistonce oJ insect lolulatians and efect
of host plant on rcsistsnee

Very little work was done on these subjects owing to difficulties
with the aphid, mainly due to attacks by parasites and fungal
disease.

Mechanism of selection.oJ resista sbains of insect
Some work preparatory to a study of this subject has been carried

out. Selected strains of Drosclhil,a melanogaster are being reared of
krown genetical constitution. Spraying techniques for use with
tbese insects are being elaborated and met-hods for the permanent
preparatkrn of individual specimens have been studied so that any
di-fferences that occur before and a.fter treatment may be compared.

Effect oJ enabonnerl on the taxicity of conta.ct insecticides
Work on this subject is being continued.

Insect reaing
The t$,enty five insect species listed in the 1948 report have all

been reared during the present year. In addition stocka of Locusta
migratoria (African migratory locrtsl\ atd, Pionea Jorficdis (Garden
pebble moth) have also been reared. A particular study has been made
of the biology of Dialaraxia olerqcea L. (Tomato moth) ar.d Phaedon
cochleatia F. (Mustard beetle), which have proYed to be among the
most satislactory test subjects.

A great deal o{ trouble has been experienced during the current
year with the aphid stocks due to parasites and fungus disease and
probably other factors. lt has not so far been possible to work on
improvements of the rearing technique but tNs will be done as
opportunity ofiers.

Studies otu ir.sect dia?ause

Some work has been done on the factors influencing the diapause
in mustard beetle and tomato moth since this is a maior factor when
considering rearing techniques.

The mustard beetle overwinters as a resting adult. This can be
activated and induced to oviposit within a few days by placing it in
a temperature of 3O"C. At 12 24'C. activation does not occur or is
delayed unless the insect is subjected to l6 hours light per 24 hours.
It was found with tomato motb that cfimatic conditions during the
larval instar alone aie responsible for inducing or preventing diapause
in the pupa. Sixteen hours light per 24 hours prevents diapause
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except at low temperatures (12'C.). Eight hours light per 24 hours
induced diapause except at high temperatures (34'C.).

FIELD EXPERIMENTS

Cortrol oJ wiretuorms
The experiment started in the autumn o{ 1947 was continued in

order to study the residual efiects of the various treatments. In
addition, a part of the experimental area was set aside for testing
possible tainting efiects, resulting from the treatments with benzene
hexachloride. Judging on crop yields it was found that the autumn
1947 trcatments of benzene hexacbloride (12-14o/o gamma isomer)
broadcast at 7.9 lb. crude B.H.C./acre, benzene hexachloride drilled
with the seed at 2.9 lb. crude B.H.C./acre and D.D.T. drilled with
the seed at the rate oI 1.2lb.lacte had the greatest residual efiect,
with yields of 39'6, 37.3 and 36.4 c\ft./acre respectively in 1949. The
soil fumigauts ethylene dibromide a"nd D.D. had less residual efiect,
applications of 45.5 lb./acre of ethylene dibromide and 120 lb./acre
of D-D. ir 19a7 giving yielcls of 34.1 and 31.8 crt./acre in 1949.
Seed treatment had no residual efiect- The control yield was 28.4
cwt./acre. Taking into account the previous year's results it would
appear therefore, that the treatment where benzene hexachloride
was drilled with the seed and broadcast gave good immediate results
and good residual effects, ethylene dibromide and to a lesser extent
D.D. gave good immediate results and fair residual efiects, seed
dressing with high gamma isomer B.H.C. gave good immediate
efiects and no residual efiects and D.D.T. gave poor immediate
efiects but good residual efiects. Evidence was obtained that tlere
was a risk of taint occurring in root crops planted in soil previously
treated with crude Benzene hexachloride at dosages from 0.98-
5.92 lb./acre.
Control of flea beetle

A large scale experiment on the use of benzene hexachloride,
D.D.T. and E.605 to control flea beetles failed owing to lack of
attack, but small scale trials indicated that benzene hexachloride
sown with the seed might give good protection. It is hoped to
follow up this work.
Control oJ aphids carrying nir*s on ?otatoes

In collaboration with the Plant Pathology department a pre-
liminary experiment was carried out on the control of aphids carry-
ing virui in potatoes. The results of this experiment are not yet
available.
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FTELD D(PERIMENTS
By the PLor Co[MrrrEE

Frrrn Expenrututs at RorEAtdsrED AxD WoBURN

The followiug members of the stafi, who constitute the Field
Plots Cornmittee, are responsible for planning and caxrying out the
programme of freld experiments : E. M. Crowther (Chairman),
H. V. Garner (Secretary), H. H. Mann, J. R. Mofiatt, D. J. Watson,
F. Yates.

The number of plots hanilled by the Field Stafi at Rothamsted
and Woburn were as Iollows :-

Grain Roots Hay Grazing Total
Classical Erperimenk

Rothamsted . - 121 72 47 O

Woburn.- ..
M odern Lotg-T erm E xperiments

Rothamsted . . 279 Xtz 84 9,
Woburn .. .- 149 218 3l 12

Ann*al, Erlerimenls
Rothamsted .. ,ltD 208 12
Woburn . .

Totql

6n
4r0

7W

Rothamsted
Woburn . .

.. 889 5r2

.. 173 218
143 32 1,576
31 t2 434

Grand Total ... 1,062 7N 171 44 2,010
Note : Grain includes cereals, beans, peas, linseed. Roots include

potatoes, sugar beet, mangolds, cabbage, leeks. H.y
includes lucerne and cut grass-

One experiment of 40 plots on winter beans on Stackyard Field
could not be drilled owing to the wet state oI the ground in late
autumn and was abandoned, so the number of plots actually
harvested on the two Iarms was 1970.

The s€ason 1949 was remarkably dry, mild and bright. Every
month from January to September inclusive was below the al'erage
in rainfall, and there had been no excess of rain at the end of 198.
There was very little severe {rost in the winter, and practically no
snow. The characteristics of the season and the efiects of the weather
on crops are fully described in the section of this report dealing
with the Rotharnsted and Woburn Iarms-

In the year ulder review the classical and long-period experi-
meuts were continued. Most of them have already been summarised
in recent Reports..

LEY ARABLE EXPERIMENT, ROTSAUSTED
The general purpose and the scheme of treatments oI the new ley

arable experiments at Rothamsted were given in the Report for
19,18, p.98.

The first year of this elaborate and exacting experiment has been
used in developing the technique- Wheat was grown on two blocks
on Highfield and two on Fosters. On Highfield where the wheat was
drilled on recently ploughed old turf, the plant came well but went
ofi badly duriag the winter and looked very poor indeed at the tum
of the year. Later earth nut (Coropodium denudalum) appeared as a
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serious weed in the crop and $,as considerably reduced by dusting
with M.C.P.A. weedkiller. The crop then improved a little and lelded
15.6 cwt. grain per acre, There were no visible efiects due to the
difierent levels of nitrochalk on the sub-plots. On Fosters the wheat
was earlier sowrr and looked distinctly better, the efiect of added
nitrogen was also slightly greater than on Highfield. The mean
yield was 23.3 cwt.

All leys and legumes were sown in the open gound in the spring
oI 1949. Conditious were by no meelns ideal as the seedbeds were
very dry ; nevertheless the take was reasonably good, with lucerne
as the bestJooking patches on both fields, though some of the leys
and reseeded grass (identical at this stage) looked Iresh and covered
the ground well. As the dry weather persisted in early summer all
young sowings had a great struggle with strong-growing weeds,
thistles on Highfield, " knotgrass " (Polygonum atiadaze) on Fosters.
The " knotgrass " dominated the leys so badly in early autumn that
the plots were sprayed with sulphuric acid which clearly shifted
the balance in favour of the Brass.

Graziag by sheep was reduced by the very dry weather to only
two rounds per plot in 1949, and the established grass land in High-
fietd did no b€tte, than the new stands. There were two cuts of
cut grass on Highfield, but only one on Fosters. Lucerne gave one
light cut on each 6eld. By late summer everything except the
luceme was badly bumt up, The rason was used to develop a
grazing techoique. Temporary post and netting {ences were tried
but did not hold the stock, particularly when an enclosure was grazed
right down and the anima.ls were hungr5r. These fences will be
replaced in future by wheeled iron hurdles, a t5rpe that has been
used successfully at Wobum for a similar purpose.

SpnrNc-sowN CsnBers
For the past three s€asons Iour kinds of cereal crops have been

compared for spring sowing. The experiments were located in a
difierent field each year. The crops were : Star oats, Atle wheat,
Bersee wheat, and Plumage Archer barley, All crops were tested at
several nitrogen levels, sulphate of ammonia being applied at 0,
0.3, 0.6, 0.9 cwt. N. per acre. Superphosphate and muriate o{
potash were also tested. The mean results over the three years were
as follows :-

M.dn yieas atul Rcspons.s: c1tl. ?er a.re 194?49

Fertilizers
Graitr

Oats Atle BeEee Barley
- Straw

Oats Atle Bers€e Barley

16.4 18.6 19.2 23.5
20.s 2t-5 23-8 27.5
22.3 23-O 24.3 28.4
23,3 22.a 25.3 27.7

33.2 28.4 27.5 25.5
38.9 34.2 34.4 3r.l
39.2 37.5 38.9 35.0
40.7 38.7 {0.8 36.0

Meatr 20.7 21.4 23.2 26.7 36.0 3{.8 35.4 3r.9

Req)onse to Super-
phosphate 1.6 -0.6 -0.3 0.8 0.80.3o.l0.4

Response to lluriate
of Pota-sh -0.3 -0.4 t.2 t.8 -0.6 0.4 -0.r 1.2
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In grain production barley stands well above the other spring-
sown cereals at all levels o[ nitrogenous manuring. On the averafe
oats and Atle wheat each lelded 6 cwt. less than barley, and spring
sown Bersee wheat about 3] crt. Iess. In these three experimenti
Bersee wheat sown in the spring gave somewhat higher yield than
Atle though it was later to ripen. A1l the cereals responded well to
nitrogenous dressing, but all showed a marked falling ofi in response
at the higher levels. Thus the first l+ c\rt. of sulphate of ammonia
produced a mean increase over all crops of 4 cwt. of grain. \!'hen
the dressing of sulphate of ammonia was raised to 3 cwt. per acre
the further increase was ody 1 crt. grain while 4] crft. of sutphate
of ammonia gave practically the same yield as 3 cwt. . There was
no very marked difierence between the behaviour of the difierent
crops in their responses to nitrogen, oats were perhaps slightly
more responsive than barley at all levels; the wheats being intei-
mediate- The level of yield and responses to nitrogen varied with
the season, in particular in the abnormally dry season 1949 the
nitrogen responses were lower than in the other two more favourable
years.

The responses to phosphate and potash were much smaller than
to nitrogen. Oats gave significant responses to phosphate in two
years out of the three; the yield of Bersee wheat and barley was
slightly increased by potash.

The nitrogen req)onses in the straw were larger thal the
corresponding grain responses, and though they fell ofi somewhat
at the higher levels they showed less curvature. In the moist
season 1948 oats and barley produced about 6 cwt. more straw and
wheat from 12-17 cwt. per acre more than in the dry years. In
wheat and barley the responses to nitrogen were bigger and more
sustained in the wet season than in the dry ones. Phosphate and
potash had very little efiect on straw yield. The biggest increase,
1.2 c$.1. per acre, was produced by muriate of potash in the straw
oI barley.

THE ANNUAT EXPERTMENTS oF 1949
The fotlowing brief notes ded with the main points arising from

those annual experiments of 1949 which do not belong to larger
series of experiments or are not reported elsewhere by the depart-
ments specially concerned,

Potatoes
There were three an:rual experiments on potatoes: (1) Four

levels of farmyard manure applied in three difierent ways, in presence
arld absence oI each oI the three main nutrients, N, P, K. This
experiment was carried out on Sawyers III. The dressings of
dung were 0, 5, 10, and 15 tons per acre and these were applied
either ploughed-in in winter, or ploughed-in in spring, or spread
irr the ridges in spring. The whole experimental area was ploughed
both for the winter and for the spring application. The potatoes
without dung gave 5, tons of potatoes; on the average of all
methods of application dung increased the crop by I ton for each
5 tons applied, the efiect being practically linear up to the maximum
dressing. The three methods of application give closely similar
results on the average o[ all rates. Since no ad.justment was made
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lor loss during storage the spring applications were derived lrom
rather heavier amounts of dung than were actually applied in the
winter dressings- A fuller examination of this experiment will be
made when the response curyes axe available for each method of
application. Potash was the most efiective supplementary nutrient
in the absence of dung but the respons€s were steadily reduced
almost to zero as the dressings of durtg were increased. Nitrogen
gave good efiects even in the presence of dung. (2) Time o{ planting
experiment, Sawyers III. This has now been tested on a difierent
field each year for several seasons. The earliest planting on March
29th gave a yield oi 5.4 tons which fell to 4.5 tons for the latest
pla.nting on May 30th, the other plantings being intermediate in
yield. Dung gave a response of 2 tons per acre which was practically
independent of the date of planting the potatoes. Nitrogen with a
mean increase of 0.7 tons and potash with a mean hcrease of 0.5
tons were distinctly more efiective on the earliest planting than on
the rest. As usual there was a negative interaction between dung
and potash. The above experiment was used by the Plant Patho-
logy Department for observations on the spread of virus diseases
and will be more fully reported by them. (3) Methods of planthg
potatoes, Great Knott III. Arising out of the remarkably rapid
increase in the mechanical planthg of potatoes, a start was made in
1949 in testing different methods of placing the tubers and apptyhg
the fertitizers. The standard method of applying Iertilizers down
the ridges followed by hand plantiag gave significantly lower
average yields than planting by the dropper either on the flat or in
the ridges. The seed was inlected with'dry rot' ard although it was
carefully sorted it is possible that some diseased tubers were plarted.
The loss of plant due to this cause would probably be more severe
on the dried-out open ridges which were hand-planted than on
either of the other methods where the s€ts r €re put straight into
moist soil. Fertilizer application at 8 or 16 cvt. per acre gave
very small increments in leld in this experiment so the comparison
of difierent methods of incorporating the artificials led to no clear
results. The experiment will be repeated for severa.l seasons.

Linseed. Great Knott I. Arr experiment was put dorvn to t€st
combine drilling of PK fenilizer against tbe same fertilizer broadcast.
The material was used in granular and also in powder form, each at
single and double rates per acre. Sulphate of ammonia was also
tested. The plant was good and even but the plots were badly
infected with Fat Heu early in the summer. This was well controlled
by spraying with liquid "Agroxone" but the yield of the crop was
probably reduced by weediness and drought so that fiaally poor
yields of only about 4 cwt- of seed per acre were obtained. Under
these circumstances the only definite result was a reduction of yield
when the heavy dressing of fertilizer was put in srith the combine
drill- Thus 6 cwt- oI fertilizer broadcast gave 4.5 crt. grain and
7'9 cwt. of straw; iI clrilled-in the yieids were only 3.3 cwt. grain
and 4.9 cwt. straw. There was no certain difierence between
powder and granular fertilizer.

Sfring bean oarielies
Four Dutch varieties of spring beans were compared with five

English and Scottish strains at three seed rates (1, 1|, and 2 units).
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The rates were calculated to provide equal numbers of seeds per
acre. This involved seedings by weight varying from 0.8 to 2.5
clrt- per acre at the lowest rate. Yields of all varieties were light.
They ranged from 5.3 c*t. for a Dutch Pigeon bean to 12.5 cv't.
Ior an Essex strain of horse bearl. The English strains from the
National Institute of Agricultural Botany, and a strain of Scotch
Mazagan bean gave higher yields than the Dutch horse beans,
particularly at the lower seed rates. Practically all varieties gave
profitable increases for increased seed rates in the sense that the
increase in grain y1eld was usually about twice the weight of the
extra seed sown. One Dutch variety of Broad beans with very
large seeds failed to justily the heavier seed rates.

Other experimcfis
In addition to the above experiments, the following were

conducted either as palt oI a series or specially Ior departments who
will report the results elseq/here. (1) Placement experiments on
threshed peas and spring beans. Broadcast application of PK
fertilizer at several rates compared with fertilizer placed by a special
experimental drill (2) Experiments on wheat, Little Knott.
Agricultura-l conditions affecting the ircidence of eyespot disease.
Tests of seed rate, level of and time of application of nitrogen top
dressirg, sulphuric acid spraying. (Plant Patholog"v Department.)
(3) Experi:oents on wheat, Little Hoos. Control of wireworm by
soil fumigants. Residual effects of fumigation treatments applied
to wheat itr autuiur 1947 (Insecticides Departmeot).

ExseusrroN LeNn, Hoosrrern.
The exhaustion land consists of tv'o acres in Hoosfield lyirg

between the acre devoted to alternate wheat artd fallow and the
Long Hoos boundar5r. Since the early continuous experiments on
potatoes were terminated in 1901 this land carried a series of corn
crops, either unmanured or with nitrogen only. For many years
the yields oI grain and straw were measured on aII the old potato
plots, but this was allowed to lapse after the first world war. Never-
aheless the cereals still showed small but quite noticeable residual
efiects in the spring associated with certain of the former treatments.
These residues had attracted litue attention in recent years, but
in the very dry spri"g of 1949 the crop of barley showed such
remarkable difierences ftom plot to plot that a fresh examination o{
the site and crops was clearly necessary.

Soon after the barley germinated it was apPaient that the young
plants ou ttrose parts of the field where the tormer experimental
potatoes had received either no manure or nitrogen only were in a
iniserable coadition. They were stunted with dull greyish leaves
carryiag purplish markings, showing in fact all the s,'mPtoms oI
acuti: phosphate deficienry. The sites oI the old dung plots and
plots that liad received a long series of suprphosphate dressiags Ior
-he potatoes carried normal plants. The efiect was so striking that
the ehemistry Depaxtn€nt set on Ioot an intensive sampling of crops
and soil. Air photographs iaken on May I3th showed the diflerences
in ground cover very clearly. A month later the worst lgaf slrnp-
toms of phosphate deficiency had disappeared, but big difierences
in development and matwity rcmained. The o1d plots were cut
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out and harvested separately, and chemical work on the grain and
straw samples wiil shortly be put in hand. Arising out of the
renewed interest in this piece oi land it yras thought desirable to
put on record as much of its previous history as could be ascertained
from old records.

The first mention of this area of the Rothamsted farm appears
in 1856 in a paper by Lawes and Gilbert dealing with a system ot
.growing wheat advocated by the Rev. S- Smith oI Lois \4reedon in
Northamptonshire. The plan was to grow wheat year a{ter year
in the same field, the land being subdivided into altemate narrow
strips oI crop and Iallow. The crop of oue year stood on the fallow
ground of the year before. The wheat was unmanured and deep
cultivation was practised. This experiment began in 1851 and
continued till 1855. From 185G1874 this land carried a succession
of wheat crops in a fertilizer experiment on four plots rather on the
lines of Broadbalk. The annual treatments for wheat were: (1)
complete minerals, (2) nitrogen and minerals, (3) nitrogen only, (4)
no manure. The yield of these plots for the first 8 year period appear
in the Journai of the Royal Agricultural Society of England, 18&1,
vo1. 25, where they were compared with the corresponding yields of
Broadbalk. The figures Ior the whole 19 years are in the Rotham-
sted archives-

In 1876 the fertilizer experiment on continuous potatoes began
on the same plots and the treatments were so arranged that all four
previous treatments Ior wheat were carried through into the potatoes
on the same land. Additional treatments for potatoes were obtained
by halving the original wheat plots.

The potato experiment continued until the crop ol 1901 after
which the la.nd carried a series of cereal crops, usually barley,
without manure of any kind. Yields were taken yearly till 1922,
when cereal cropping continued without fertilizer but the crops
were not weighed. Even at that period the residual effects of the
dung and phosphate treatments in barley were still plainly visible,
particularly in certain seasons. In 1940, it was decided to give
generous basal dressings of sulphate of ammonia" only, and since
then the cereals have received about 3 crt. nitrogenous fertilizer
per acre yearly. It was in the pres€nce o{ 2} cwt. of sulphate of
ammonia that the barley of 1949 showed the remarkable residual
efiects previously described.

IRUGATIoN oF SUGAR BEET

Two experiments were carried out in 1949, one on Mr, F. A.
Secrett's farm at Milford, where experiments had been in progress
for the previous two seasons, and the other on the land of Messrs.
W. O. and P- O. Jolly at Kesgrave, near lpswich. Both soils were
light and free draining and both farmers practised oyerhead
irrigation on commercial vegetable crops.

The summer was even drier than the very dry year 1947, and in
great contrast to the wet summer of 1948 when irrigations had no
efiect. The following table shows the monthly rainfall at both
centres during the summer months.
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Summer RainJoJl, inches

May ..
r949
2.21
0.45June

July

1947
1.67
2-14
1'06

Milford
1948
2.06
2.il
0.96

Kesgrave
1949
1.99
o.42

o.73 0.72
.. 0.52 4.O2 0'96 1.54
.. 5.39 9.64 4.35 4.67

At trfilford the exlEriment was a 6 x 6 Latin Square with the
fouowiag treatments on the main plots:

I and 2 No water (O)
3 Full irrigation as directed by farmer (F)
4 As 3, wiah Chitean potash nitrate in irrigation water (FS)
5 Restricted irrigation, based on weather data (R)
6 Restricted to a lower level, based on weather data (M)

All plots received a basal fertilizer dressing stpplying 0'42 cwt.
N, 0.68 cwt. P2O5, and 0.89 cwt. K2O with 5| cwt. salt per acre.

Within each main plot 4levels oI nitrochalk were tested:-
(a) No extra nitrochalk Total N 0'4 cwt. N
(b) 2 cwt. uitrochalk ,, ,,0'7 ,, ,,
(c) 4 ,, ,, l'0 ,, ,,
(d) 6 ,, ,, r'3 ,, ,,

At Kesgrave the general arralrgements were similar but the
experiment was smaller and simpler; being 4 randomized blocks of 3
main plots, each split for three levels oI nitrochalk.

Main plots:-!. No water (O)
2. Watering as directed by farmer (J)
3. Watering based on climatic data (M)

All plots received 0.,l3 c\rt. N, 1'07 cwt. P2O5,0'86 cwt. K2O, and
3l cwt. salt.

Sub-plots:-(a) No extra nitrochalk TotalN 0'4c*t. N
(b) 3c'trt. nitrochalk ,, ,, 0'85 ,, ,,
(c) 6 ,, ,, t'3{) ,, ,,

The croD at Milford was srown on narrow rows of 17 inches and
closely singled, to give Jvery high plant population of tr7,000.
Unlortunattly an extremely early and severe attack of virus y€llows
occurred. All ptants were infected by the end of June and there is
no doubt that tie yield was seriously ieduced. At Kesgrave a good
commercial plaat of 26,000 was secured. The virus yellos,s attack
commenced about a month later than at Milford, and although the
crop was damaged the efiects were in no way exceptional.

The main results from 6oth centres are set out in the following
table:
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Milford, 1949

r 0.30 ' 0.09 . 0'94 r 031 5 0.23 . 2.3

Efiect of lrrigatioD, diasolied nitrate, aad Iertilizer dtrogen

Mean
Yield

Irrigation, i[cbes
061 8* 13 S.E.

I

Increase i

Ior Nitrete I S.E.

Roots, toDs ..
Sugar %
Suger, cwt. ..
Tops, tons ..
Platrts, thous. . .
Noxious N ..

r6.3
r2.2
39.9
I9.0
37.5
68.5

t4.31 17.5 17.8 16'9
t2-o2 12.3 t2'5 l2.A
34.61 42.9 44.5 41.6
14.41 20.5 20-3 21.0
37.85 3a.1 37.5 36.4
8r.5. 63.3 59.6 59.2

0.42
0.13
t.u
0.44
0.33
3.30

o.1 I o.59
-o.2 lo.rg
-0.6 I 1.89
2.t I 0.62
o.7 I o.17
7.0 I 4.60

Roots, toas .-
Sutar %
Sugai, cwt . .
Tops, tons . -
Plants, thous.
Noxious N ..

F.rtilizcl Nilrogd, cur. ?c, aerc
o.4 0.7 t.0 1.3

16.8 16.3 16.6 15.612.4 r2.3 t2.r tz.o
4t.6 40.2 q.2 37.5
r8.0 18.7 19.2 20.0
37.0 g7-7 37.4 36.8
63.1 U.1 72.a 73.5

o-22
0.064
0.60
o.27
o-23
t -72

Kesgrata, 1949

Elfect of irrigation and Fertilizer Nitrogen

trIean
Yield

Irrigatioo, itrches04sl S,E. Nik'tr., cwL per acre
0.4 0.85 1.3

S.E.

Roots, totrs
Su&r %
Sugar, cEt.
Tops, tons
Plants, thous.
Noxious N
Dirt'I*e y"

14.4
t4.5
42.O
10.2
26.6
69.6
r6.0

I1.3 15.3 16.4
13.6 rs.0 15.0
30.8 46.0 49.3
9.5 9.7 rr.3

26.9 26.5 26.4
74.3 65.9 6.{.5
21.2 14.7 t2-3

0.35
0.18
1.25
0.29
0.34
3.6

14.6 14.3 l4.t
l5.l 14.6 t3'9
44.5 42-t 39-5
9'3 10.4 10.8

27.7 27.3 24.4
59'6 70.9 78.2
15.6 t6.8 15.7

o.23
0.082
0,72
&25
0.33
1.8

The features of the Mitford experiment were the very early and
severe virus yellows attack and the exceptionally low sugar content
of 12.0 per cent. The result was only a moderate yield of 34.6 qrt-
of sugar on the dry plots in spite of a very high plant population.
The lightest watering, 6| inches in five appLications, ilcreased the
output of sugar by 8.3 cwt. per acre, but there was no definite
increase lor the higher levels of watering. The heaviest watering,
13 inches in nine applications, gave a smaller yield of sugar per
acre than 6| or 8 inches, but not significantly so. Nitrogen irl
moderate dressings was ineffective and at the highest rate it
significantly depressed the leld of sugar. There was no markd
interaction between the effect of water and nitrogen- So far as tle
other attributes of the crop were concemed the sugar percentage
was slightly but signiflcantly raised by watering and depressed by
nitrogen. Tops were increased by6.l tons by the lithtest watering,
with no furt-her response for heavier applications, they rvere also
slightly increased by nitroten. Plant population rvas slightly
reduced by the heaviest watering and by the highest nitrogen
application. The figure for noxious nitrogen was greatly reduced
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by watering, and markedly increased by nitrogen. The efiect of
adding Chilean potash nitrate, providing 0.4 cxt- N and 0'3 cwt.
K2O 1xr acre, in the irrigation water was negligible so far as sugar
was concemed, but it increased the tops by 2 tons and like fertiliser
nitrogen it tended to raise the proportion of noxious nitrogen,

At Kes{Jrave with a crop of 30.8 ctt. of sugar on the dry plots,
4 inches of irrigation gave no less than l5'2 cwt. sugar per acre
and there was a Iurther increase for 5| inches. Nitrogen reduced
the quantity of sugar per acre signiflcantly. These two factors
showed a marked interaction, for the b€nefit from watering was
much less when nitrogen was present, or alternatively the poor
efiect oI nitrogen was most conspicuous on the watered plots.

Efiect of 5| inches water, no nitrogen .. ..
Efiect of 5| inches water, with nitrogen
Efiect oI 1.3 c$t. nitrogen, no water
Efiect of 1.3 cwt. nitrogen, with 5| inches water

23.4 c$t. sugar
12.9 ,,
1.2 ,,

-9'3 ,,

At Kesgrave the efiects on the other attributesof the croP were
closely parallel to those observed at MilIord. \4'atering increased
the sugar percentage significantty, and nitrogen depressed it by 1'2
per cent. Both water and nitrogen increased the tops. Healy
nitrogen depressed the ptant number. There was a decrease in
noxious nitrbgen due to watering, and an increase due to nitrogen.
The roots on the dry plots were noticeably more hairy than the
rest and picked up more soil at lifting time. The difference t'as
clearly reflected in the figures for tare.

The main conclusions from the experiments of 1949 is that in a
very dry year with an exceptionally hot dry summer,6 inches of
irri[ati""n tater was sufficient for a"full crof, though it is possible
thai a disease-free crop might have used more. The interaction of
nitrogen and watering will be further examined in Iuture
e xperiments.

Two CoURSE RorATroN
When agricultural salt was included from 1940 onwards as a

treatment in the standard manurial experiments on sugar beet
carried out in all Factory areas it soon became clear that 5 cwt- of
salt per acre produced substantial increases in the yield of sugar
overl wide range of conditions. The question then arose whether
repeated applicalions of salt on the same land would continue to be
efflctive fof sugar beet. There was the further possibility, widely
believed by farmers, that continued use of agricuJtural salt mitht
damage thl soil either structurally or in other ways. To test these
points a long-period experiment was t egun at Rothamsted in 1942.
In order to break the sequence of sugar beet croPs, a twotourse
rotation of sugar beet followed by barley was adopted, barley being
chosen because it was the one cereal popularly supposed to b€nefit
from salt dressings.

Two blocks ol tand were assigned to sugar beet and barlev in
Long Hoos field, the crops being changed over each year to give the
two-course rotation, The following scheme of treatments was
adopted. Four rates of salt application, 0, 2!, 5, and 7l cri't. per
ac.d, were used for the sugar beet. The salt was aPPlied either
before the winter ploughing or harrowed into the seedbed in spring

E
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a few weeks before drilling t"he seed. On one set of ptots these
treatments were given to the sugar beet only, the following barlev
crop receiving no salt: on the remaining 

- plots the barl-ev also
received salt treatments but at only half the rite given to sugar beet
on the same ptot. The sugar beet also tested muriate oipotash
at approximately 0, 2, 4 cwt. per acre, the muriate dressing; being
the equivalent of ll and 2{ wt. of agricultural salt. A[ d]essi-ngi
were repeated according to the above scheme on their respective
plots, hence at the heaviest rate certain plots received 7| cwt. of salt
per_ acre to sugar beet followed next year by 3| cwt. per acre to
barley. For the first two sugar beet crops in i942 and 1043 and the
first barley crop in lg43 the early application of salt was broadcast
in the spring on land that had already been ploughed in the previous
autumn. Subsequently for the six years 19,14-49 inclusive, the
early application of salt was always ploughed-in in winter Ior both
croPs,

The average results oI the direct application oI salt and muriate
of potash to sugar b€€t taken over ttie &year period 1942-49 are
given in Tabte I. The figures are the means of the two methods of
applying salt on plots, half with salt to sugar beet onlv and half
with salt repeated at haII rate to barley.

Salt to
sugar beet

Tablz I. Sugar Beer 1942-1949
Effect of Agricultural Salt and Muriate oI Potash

: cwt. per acre

Muriate of potash
0 2 crt. 4 cwt.

0 ..
2'
5 ..
7l

40.9
50.0
50.0
48.0

13.7
47.8
50.2
49.4

45.9
49.0
49.5
50.0

43.5
48.9
49.9
49. I

4i .9trIean .. 47.2 47.A

The level of cropping was very good. Agricultural salt in the
absence of potash gave on the average the extraordinarv increase
of 9.1 c*t. sugar p€r acre for the 2] cwt. dressing. The-re was no
indication of any beneGt from heavier dressi-ngs-of salt. In fact
there was some suggestion that in the absence of potash Z| cwt.
salt per acre was lgg much. Potash without salt also gave notable
increases in the yield of sugar, but on a much smaller scale tban the
gquivalent amount oI salt, When salt was supplied there was no
further increase due to potash, but salt still-increased the crop
substantially even when large amounts of potash were supplied.
These results are in accord with those of the Factory Series oi iugar
beet fertiliser experiments in which on an aver€e of 140 trials
5 cwt. of salt in the absence of potash gave 5.1 cwt. sugar, 2 cwt. of
muriate of potash in the absence of salt gave 2.8 cwt, of sugar, and
the two nutrients in combination save 5.5 cfi. susar-

The yearly increases due to sal"t in the absencJof potash and to
potash in the absence of salt are given in Table lI for the eight crops
of sugar beet grown in 1942-49.
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Tabt' I I
EEFt ot salt (iilbout toiis[) aod ol mqiaie ol Porasb (r bout (a]t) in indrvrdual ].aE l9a2 '19
tNa. 2Na.3N; - 21._5, 7l a-1, sJt ps acre t6 susa. b..r. rFpraled at hrll rat' lo barle)- oo' ball lh. Plots

ll(. 2K : 9. .l c$t. Duriate ol potash P6! a.re to sug& beet onlv
Suae: .wt. PC! a.E

lN.
2N.
aN.
IK
2K
SE+

l9t2 1943 lgl,a l9l5 1916 l9l7 l9l8 19'19
54.5 57.O 27.2 5E.3 52.3 23.7 *1.4 21.0

Sugar: c,et- ler ocle
No Salt

Increase for:-
38.7

The vearlv responses to the frrst t\tro rates of application of salt
were laige aird viry consistent. In every year except 1948 the
highest dose of 7| cwt. salt gave less sugar than the 5 cwt. applica-
tion, and in 6 years 7+ cwt. salt gave less sugar than
2* cwt. of salt, but ione of these difierences between rates of applica-
tiln of sali was signifcant in a single year. The comparatively
poor effect of the heaviest dressing was most noticeable in the earlier
i'ears of the experiment: bv 1947 the heavily treated plots were
bractically as good as the others. The data Sive no suPport to the
idea that agricultural salt may lose its effectiveness for sugar beet if
repeated aifrequent intervals on the same land.

- 
The efiect oi muriate of potash varied widely from y'ear to year.

In hatf the seasons the lowei rate was ineffective, but in the othen
it gave an increase of about 6 cwt. of sugar per acre. The double
rati gave better results even in the years when the single dose

fa ed: As with sdt tbere was no indication that the efiect of potash
fell ofi alter many repetitions on the same plots. Indeed both
nutrients at all rates gave bigger increases in the last four crops
than the first four.

For the vears 1944-49 there were no appreciable differences
between salt bloughed-in in winter and salt broadcast on the seedbed
in spring, and no efiect Irom applying additional salt to the preceding
croi of barley. Averaging all levels of salt, the figures rvere:

.10.9

9.r
90
7.t
2.8

1"

6.6 9.3 9.a E.0 7.9 l3'5 lO.3 7.1
9.0 9-5 8.9 A.2 5.6 rs.a a.a 8.9
6.7 5-7 s.e 1.1 3.7 14.2 4.5 E.7

-0.9 s-7 -o.r a.5 -0.8 7-6 0.8 5.7
2.A 6-A 1.t 3.2 6.9 7.1 2.4 0.0
2.e3 S.O7 2-17 2.15 2-71 4.51 9.r2 1.36

Salt ploughed-in in li'inter .. .. .. 6'1
Salt broadcast on seedbed in spring .. 6'3
Salt applied to sugar beet only 6'l
SaIt to iugar beet and at half rate to barlev .. .' 6'3

Measurements of the efiects of salt and potash were made on the
other attributes of the crop and a condensed summary is given in
Table III.

Table III
Eflect of salt (mean o[ all rates of application) $ithout Potash, and

potash (mean of all rates) without salt- Roots ToPs Sugar Plant No.
tons tons Per cent. thous.

r0.7

l.l
0.6

Mean yield, no salt,
no potash .. ll'7
Increase for :-

Salt, nopotash 2'l
Potash, no salt 0'9

17.3 23.8

1.0
0.5

0.5
0.4
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Salt had a markedly benefcial efiect on all attributes, ioctudins
plant number. Potash wa-s about equal to salt in raising the sugai
content, but only about half as efiective on the remainingattributes.
Examination of the yearly results shows that there was ;o reduction
of_ phnl number even in the presence of the highest dressings of
salt and potash used together.
Efects otr Badey. On the barley crop potash is always residual.
Hilf the barley-ptots testing salt-have silt apptied dhe;tly ar half
rates and the remaining half tested only the residues from salt
treatments given to tbe preceding sugar beet crop. The effects of
these treatments averaging methods of applying salt are set out in
Table IV.

Table IY. Ba ey: ae,, per qcre, 194349
Efiect of residual potash, and salt (direct and residual)

Muriate of Dotash cwt-
Salt cwt. 'O 2 4 Mean0 .. 27.7 8.3 n.6 n.9

u . . 28.5 29.0 8.7 .7
2L .. 27.6 27.9 27.3 27.63t .. 27.1 29.O 8.4 8.2

Mean Z'' I 28.6 28.0 28.1

Very satisfactory crops of barley were grown each year. On
the averate of the seven years neither residual potash noi salt had
much efiect on the feld of barley. The lightest dressing of each
gave an average iacrease of only about 0.8 cwt, grain and rhere was
no further increase for higher rates. In certain years, however.
the efiects were appreciable. In 1947 and lg49 the efiects of residual
potash were significant. In 1943 and 1945 there were significant
improvements from salt, the direct efiects of salt at half rate being
gr-eater than the residual ef{ects of the full dressings. The mean
eftect on-barley straw of residual potash and of salt directly applied
was negligible.

- Salt_application produced visible efiects on the physical state of
the surface soil on this heayy loam when the land was in plough
furrow. This was specially noticeable on the sugar beet areis
ol- plots receiving the heavier applications in repeated dressitrgs
although ii could also be observe on tbe barley lanid. The furrows
on _plots with much salt had a smooth slightly glazed appeaxance
and were lighter in colour than those wilhoia salt. iie efiect
was most noticeable after heavy rain. After harrowbg the tiltb
on the heavily ylted plots was noticeably more lumpy than the rest,
lut ro[rgg produced a satisfactory seedbed everywhire and, as the
figures show, the sugar beet plait population -was not adverselv
affected. \Vhen tifting took plice in w,jt weather the soi-l was mori
sticky on the heavily salted plots.

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-1-71 pp 82

:05

THE FARMS
BY J. R. MoFFATT

Rottarn"ted
During the year under review, no maior changes of policy have

taken place. Now that farming conditions are reasonably stable,
the ai; has been to secure sufrcient stafi, equipment, and materials
to maintain a high standard of productivity both on the experimental
field plots and on the non-experimental areas of the farm.

FIELD EXPERIMENTS
Details of the field experiments are given in the rePort of the

Field Plots Committee.
The number of experimental field plots, planned by the fjeld

Plots Committee, incrLased from 1,412 in 1948 to 1,536 in 1949-
The weather was helpful throughout the year in enabling the work
on these plots to be kept up to schedule, but it had- a detrimental
efiect on ihe yield of alfroot crops and $ass plots. In the new and
complex ley-arable experiment- which started in the autumn of
l94d (and was described in the 1948 report) many difrculties were
encountered, some of which had been anticipated' It was lortunate
that only 

" 
third of the 

"*p"riment 
was started during the year, and

that thd growth oI grass on the Plots to be grazed was severely
limited by the drought. Modifcations have been made in the
experiment which should overcome most of the difficulties in the
futlure- The direct re-seeded grass Plots on the old grass field
took well a.nd a very satislactory plant remains for the 1950
season. Similar plots"on the old aiabte land had to compete with
strongly-growing arable-land weeds, and were also much more
afiectid 6y the drought, and the ptant sufiered in cons€quenc-e.

Spraying was done wiih 15 per cent: B.O.V. (sulphuric acid) to J<ill
the ihdt-crass (Polvsonurn avicuJare\, in which it succeeded, but
some plots" have' had'to be ploughed up ready lor a fresh start in
1950, while others will need patching.

CRoPPING
The area Iarmed remahed at 474+ acres, oI which^ 242 acles

were under tillage crop6 and 102 under leys, giving a tbtal -arable
area of 345 acrei. The main crops were: nheat 72 acres, barley
69 acres, oats and dredge com l7 acres, potatoes 3'l acres, margolds,

. sugar-beet and kale 25 acres, with smaller areas oI linseed, rye,
beins, peas, lucerne and vegetables, 5 acres, all under experiment,
were fallowed. The main di.frerence between the 1948 and 1949
cropping was the decrease in the area under wheat and a corres-
pori<iiniincrease in that of barley, and arr increase in the area under
iempo.-ary ley. The area of permanent grass was reduced to 99
acrei Uy ihe filougtring up of part of the area previously devoted to a
grazing expeiiment, and it is hoped to ieduce the permanent Srass
still turther in 1950.

Spnrxc Wonx
The winter corn was drilled bv the middle of November, 1948,

most of it under reasonable condiiions, and the verSr mild weather
enabled it to germinate rapitlly.

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-1-71 pp 83

106

The early months of 1949 continued generally mild and dry,
and the exceUent condition of the land made it possible to replough
all the ground for roots, except the classical mangold field. The
conditions also greatly favoured the early preparation of seedbeds
Ior spring corn, which was all sown under excellent conditions, The
continuation o{ the dry weather throughout March (with the excep
tion of a Iight snow-fall early in the month), April, and early May
enabled.the seedbeds for the root crops to be thoroughly prepared,
and all spring sowings were completed early in May. By the middle
oI the month, the dyq/eather and low night temperatures were
retarding the growth of most crops, but the latter hau of May
brought much-needed rain which caused an alrnost immediate
improvement in the appearance of all crops.

Suunrn Dnoucsr
The dry spell set in again in early June, when only 0-64 ins. of

rain fell, and a long summer drought then developed. During the
four months June-September inclusive, only 4.03 ir. of rain fetl,
compared with the average of 9.68 in. The mean temperatures
and hours of sunshine were well above average for each of these
months.

The hot and d5r conditions did not appear to afiect the cereal
crops, which looked very promising tbroughout the season, except
on one field where the wheat plant was thin. Some of the wheat
showed si6as of coming into ear in mid-June, and all crops ripened
earlier than usual. Several of the corn crops were treated with
herbicides with very satisfactory results. One field of barlev after
a well-manured crop of potatoel became lodged fairly early] while
thunderstorms about mid-July, although afiording some relief from
the drought, caused further lodging, although the damage was only
severe in patches.

The hand-pulling of wild oats on Broadbalk wheat plots, carried
out each year mainly by volunteer workers from the Laboratory
staff, is effectively reducing the infestation of this weed. In 1940,
section 5, which was fallowed in 1948, contained very {ew wild oats,
but the area was hand-pulled thorougbly. Sections I and 2, after
a year's fallow 3 and 2 years ago respectively, contained quite a
few oats, but each was hand-pulled on two separate occasions, and
if labour can be secured for this operation each year until they are
next Iallowed, the reduction in the wild oat population witl be of.
prolonged bene6t. Section 3, due to be fallowed in 1950, contained
the heaviest infestation, but the plots in this section were cleared
as far as possible, with the exception of plot 8, where there were too
many weeds to be pulled by hand. The l95O fallowing will con-
siderably reduce the weed population of this section, after which the
aim will be to prevent another building-up of weeds, by hand-pulling
the area each year.

The linseed crop made good initial grolrth after fairly early
sowing, but the drought then afiected it baclly and subsequent
trow"th was very slow. There was also a very bad infestation of
F* Her (Cheuopod,ium al,bum\ in the crop, but this was very effec-
tively controlled by spraying and dusting with MCPA herbicide. The
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croD sufiered stieht initial distortion but soon recovered. The
estinated yield of"S cwt. per acre of seed is less than half the normal
vietd." The experimental crops of peas and beans looked well throughout
the season-, except tbat the beans were severely attacked by bean
aohis which. desoite several sprayings with nicotine, considerably
rittuced the vield] A non-expe-rinientll area of beans which escaped
earlv damaei bv birds was laier so severely attacked that it had to
be irossdriiled witb a mixture of spring cereals. It was fortunate
that this was done, as the beans which survived the bird damage
were later so badly attacked by bean aphis that the harvested crop
consisted almost entirely of cereals.

The drv weather retirded the growth of weeds in the root crops,
but also thl erowth of the croDs thems€lves. This enabled the regular
farm staff to-undertake the singling of the sugar-beet and mangold
crops, which was completed towards the end of June. Fortunatel)' the
flei beetle was not so active as usual, and no precautionary dustings
were needed on these crops. The kale crop, which was sown early,
escaped with negligible damage, but a lew later-so\Pn areas were
badlv damaged. 

- The root crops looked backward throughout the
summer, very tittle grouth being made, while the sugar-beet croP
also had to-contetd with an early and severe attack of Virus
Yellows disease.

HARrEsr OPERAnoxs
The early ripening of the corn crops led to harvestils stading

earlier than usual. Weather conditions were excellent throughout.
Much of the com which was cut by binders was carted direct from
the binder rows witbout shocking, and was either stacked or threshed
in the field. The grain from the areas cut by combine harvester was

beautilully dry an? free from weed seeds and green malerial.- The
wheat was solil without further cleaning, but because of the glutled
state of the market the barley was held in store in the hoPe of better
Drices later. Atl harvestins operations were finished before the end
i,f Augurt and the thre;hing of outside com stacks followed
immediately. Yiekls of wheat and barley were both very good, and
good yields" are also anticipated Irom th6 oat crop.

PoTAToES

The planting of the fairly large area of Potatoes without
additional labour was made possible by the use oI a 2-row potato
dropping attachment fitted to the hydraulically controued toolbar
oI i iraitor. This work was carried out in coniulction Y/ith the
National Institute of Agricultural Engineering, and proved ve-ry

soeedv and efficient, for, is was shown by the exPerimental plots, the
riachine planting was superior to hand-planting. Besides the speed
of otantins. the- dropp;r has the advantage over hand-planting
thai the t-ubers are 

-pianted 
direct into moist soil, whereas with

hand-plantins the tubers are olten planted in ridges which have
partiallv ilriei out. This factor is also likely to affect considerably
ihe loss-of plant if Dry Rot is present in the s€ed tubers. In a weiter
vear. it is iossible thit the diilerence in favour o{ the dropper would
irot be so marked, but the advantage is likely to remain with the
dropper nevertheless. It has been the Practice for several years to Put
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dungfor the_ potatoes in the ridges just before planting, but manure
added in this way would loul the openers of the michine. None
was therefore used irr 1949 on the aireas planted by ttis -.Ji"e.In Iuture, dung will be ploughed-in during the wiatei months for the
Potato crop.

_.. .4bo"1 half the potato area was planted with seed oI Scottish
"A" stock, the remairder beine plan[ed with the same varietv but
with-seed gro\*'n at Rothamst& in 1948 tor which an Englisli.,H,,
certiEcate was obtained.

The crop made reasonable growth during the first part of the
season, but in July, August and SeptemEr gro\tth- was very
slow and ripening took place much earlier than usual. There was
no sign of Late Blight during the s€elson, so no precautionarv
sprayings were done. The haulm was burnt ofi with sulphurii
acid before lifting began, to facilitate rhis operation. The liftins
of the experimentil arEas itarted in mia s"pt"ilU"f-a ;; 6"il;e
before the end of the month. This was Iollowed by the lifting of the
ngn-cxperimenlal crop, for which schoolchildren were emlloyed.
Yields were only about half the 1948 crop, and individual- tuirers
were small:r than usual, with many damaged by cutworms. The
c,rop has been stored under cover irr the Dutch Birms to an averate
depth of 10 feet.

Gnesstexo AND LrvEsrocx
Hay'rnaking started early in -fune, but the drought considerably

reduced yields. The light crop was made under excellent conditionl
however, and was stacked under the Dutch bams at the fa.rmstead.
In future most of the hay will be gathered by a pick-up baler, as not
outy witl it be easier to handle anl transpori, birt neeiting a smaller
team of workers it wiU enable the singling of the root crops to be
carried out without the interruption of traymat<ing.-The grass and clover seeds rindersown ii.r the ceieal crops in 1949
took quite well and generally look quite promising for neit season.
On one area where tbe nurse croD of barlev was badlv lodsed
however, a considerable .mo""t ot'pat.ni"j i,iti r** i"'U^--J3r.l
One area which was sown withou[ a cov-er croo became badlv
infestcd with Fat Her (C henopodium al6atn) and creeping thisUe, bu't
spraying witb MCPA herbicide efiectively controled- both these
weeds and although the plant of grasses and clovers is rather thin, it
will be left down.

The efiect of the drought on the pasture land was very severe.
The spring flush lasted only a very short time and bv mid--lulv the
fields were very parched.' A seiond top{ressing Lf sulihjte of
ammonla was grven to some lields, but as there was no rain to wash
it in it had the unusual effect of burning up some of the clovers.
Supplementary food had to be given to some of the stock from lutv
on_wards, and througbout Juty, August and September the gra;s
felds pres€nted much the same appearance as the stubble fields. Hay
and straw had to be carted to the stock in Seotember. and manv of
the cattle had to be sotd before reaching ihe desiied degred of
finish. Many oI the most forward of the aattle were brought into
covered yards in October, to fatten them oft as soon as possi-bte, but
several which should have fattened off the grass are now being
over-wintered. 66 cattle wele purchased during the winter oi
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1948/49, the majority oI which were Irish steers. Some were
out-wintered, but most were brought into covered yards to tread
straw into farmyard manure. During the year ending 30th Septem-
ber, 1949, 7l fat cattle were sold to the Ministry of Food.

The number of Scottish Half-bred sheeP ir what originated as a
Half-bred flock was further reduced during the season by culling,
the replacements being home-bred ewe lambs out of the old ewes by
Down- rams. 140 ewes and some ewe lambs were put to Oxford
and Suffolk rams to lamb early in April, but very few of the ewe
lambs bore lambs and the lambing percentage was low. The flock
has done reasonably well under dimcult circunEtances, The
drought and consequent shortage of grass reduced the milk supply
of the ewes, which tfiected the rate of gro\,!th of the lambs, very few
of which were sold fat before the end of the year. They were folded
on kale from early November, and have since improved considerably:
and most will be sold early in 1950. 68 oI the best ewe lambs and a
Iew wether lambs have been retained for grazing experimental plots
at Rothamsted and Woburn, and some of the ewe lambs may be
brought into the ewe flock at the end of the Srazing season.

AUTUMN WoRK
The very protracted drought lasted until the end of the first week

in October, after which healy rain was experienced for the rest of the
month- October, norrnally the wettest month of the year with 3 in.
o[ rainfall, was doubly so this year, producing over 6 in, of rain in
the last three weeks, of whicb 2'67 fell on two days. More rain fell in
this month than fell irr the previous 5 months, and the land, much of
which had been too hard for ploughing and too dry to work dowl to
seedbeds, became {ar too wet to work. The preparation of the land
Ior winter corn was thus considerably delayed, only a few experimen-
tal areas being sown by the end of October, 1949- However, a
drying spetl early in November enabled the drilling to be complcted
bv tft middle bf the month, although on several occasions the
conditions were not as favourable as could have been wished. The
acreage of winter corn Ior the 1950 harvest has been considerably
increased.

The delay in the start of drilling also delayed the harvesting of
the sugar be€t and mangolds. Mangold yields rvere well below
average, while the sugar-beet croP was the most disaPPointing crop
of the year. This was because of the combined effects of the drought
and an almost hundred per ceot. infection with Sugar Beet Yellows
virus disease. Individual roots were small and the yield was
considerably below normal. The sugar content too was disappoint-
ingly low, the aver€e as retumed by the factory beirg l4'7 Iler cent.-The weather in December, 1949 was much warmer and drier
than usual, and this enabled the winter ploughing to be continued
almost.without intermption- Several fields hal'e already been
ploughed a second time, and an area of about 15 acres which has
beemnder a long-term ley wa-s ploughed before the end of the year.

L.{BouR
The labour position this year wai more satisfactory than for

many years pa-st. This was due primarill' to the increase in the
permanent stafi made possible by the erection of the new cottages
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for farm workers, but the weather played its part in that the $owth
of weeds rras retarded and those that grew were easily destroyed
in one operation. The arnou[t of seasonal labour required during
the year was therefore reduced to a minimum. The only occasions
such labour was needed were for potato lifting and for sorting the
last oI the large 1948 crop of potato€s. The last sales were made
by the Ministry of Food during late May and early Juae, by which
time the regular stafi were engaged in root singling. Fortunately
the potatoes stored extremely weU in the large heaps, and there was
very little wastage even as late as June, 1949.

M.rcnrxrnY
Several additions to the list oI implements were made

during ihe year. A new tractor complete with many of its own
range of specialized .implements was purchased, and it is hoped
that this will in Iuture undertake many of the iobs on small plots
previously undertaken by horses. A small single-wheeled motor
hoe has been bought to facilitate the hoeing of small experimental
areas where headlands are reduced to a minimum, and a new rotary
hoe will keep clean the paths between the plots.

BUILDINGS
Towards the end of 1949, a start was made with the erection of a.

new farm workshop and implement shed, to house the gradually
increasing number of farm implements, many of which are at
present housed in buildings desigued and needed for other purposes.
The building will be completed early in 1950.

LocAL SHovr SuccEssEs
Two horsemen and two tractor drivers took part in the locd

ploughing match, and between them won 2 first prizes, 3 second
prizes, aud a 3rd prize.

CoNcLUsroNS
The execution of the year's work has been generally less difrcult

than usual. There was suficient permanent stafi to deal with most
operations, which were therefore done on time, n'hile dry rf,eather
extra equipment, and the use of herbicides enabled weeds to be kept
under control. The weather also greatly facfitated the harvesting
of the cereal crops, and enabled work to be kept up to schedule
throughout the season. The results of the year's work, due to cir-
cumstances beyond our control, have been somewhat disappointing,
Ior although the yiekls o{ cereals were satisfactory, those of all root
crops, beans and linseed were low.

Woburn
The re-organization oI the Woburn Farm, which commenced in

19-17, when the mana8ement was merged with that of the
Rothamsted Farm, was continued with satisfactory results. The
main otriectives of the year's work were to arraJrge the cropping so
as to clealr up, without resorting to bare fallowing, those frelds oot
tackled in the previous two years, and to mechanize field operations
rvhere possible to enable the existing staff to tackle the increased
arable acreage, and the anticipated higher crop yields, with the
minimum expenditure on seasonal labour or outside contractors.
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CRoPPING

Tbe cleaning of several fields was tackled by intensive cultiva-
tion in preparation for, and during the growth of, a much increased
area of potatoes, with a smaller area under sugar beet. The total
area farmed was l?7 acres, oI which 52 actes were under cereal
crops, 13 acres under various experimental crops or fallow, and the
remaining 38 acres of arable land under potatoes or sugar beet;
24 acres were under grass- The area under experimental field
crops wirs increased by the cropping, after a.2-year Iallow, of the
Permanent Wheat plots in Stackyard Field, although the actual
number of plots was reduced to 4?2-

MECHANIzATIoN
The partial mechanization oI many of the operations proved very

successful in that the work was completed within a short period
and less seasonal labour was requircd. The most important of
thes€ operations was potato planting, which was carried out by 3
workers usirg a simple 2-row potato dropping attachment fitted to
the toolbar of a tractor using a hydraulic tift. A second tractor was
purchased during the year with a range of its own specialized
equipment, and this not only undertook many of the operations
previously performed by horses, but enabled both the experimental
and non-experimental work to be kept up to schedule. Other
smaller self-propelled machines have treatly facilitated tbe working
of the experimental plots, while the replacing of out-ofdate equip-
ment by modern machinery has aided the execution of land work
throu8hout the year.

The amount of seasonal labour requfued during the year showed
a satisfactory decrease of approximately 30 per cent. over 1948, and
it is hoped that in the years immediately ahead, seasonal labour will
only be required for root singling, potato picking and theshirg,
and that for the latter will be provided from the Rothamsted stafi
during the winter months. Eventually it is hoped to mechanize
both these operations.

BUTLDTNGS

It was not possible to erect the new implement sheds, tractor
garages, and covered barns which it was hoped would be erected
during the year, but it is confidently expected that these buildings
will be erected in 1950. The electrical circuits have been con-
siderably extended, horf,ever, to provide adequate lighting and power
points about the buildings, and it is hoped that the extended use o{
electricity now possible will reduce the amount of labour required
around the farmstead.

Cnops exn CuLTrvATroNs
The autumn com was drilled during the first half of November,

1948, and although the soil conditions were far from ideal, about 30
acres of wheat and rye were sown. The winter remained favourable
to larrr work, the rainfall during the first three months of 1949
being well below normal, while there were few frosts, none of them
very severe or prolonged. The mild weather encouraged the early
germination of weed seedlings, which were destroyed by ploughing
in, and on many areas three ploughings were given. Spring sowing
operations began about mid-March and all crops were sown in good
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time uader lavourable conditions. Early growth of all crolx was
slow, however, because of the dry weather and lo\v Ditht tempera-
tures which occurred in the frrst half oI May.

Fleabeetle damage, so prevalent in 1948, was almost negligible
this year, except for an early attack on a small area of rape, which
had to be resown, but periodic dusting with D.D.T. on susceptible
crops was carried out as a precautionary measure.

The dry spring developed into a severe summer drought- In the
four months June to September, 1949, the rainfall totalled onlj' iust
over 4 in. compared with the average of 8-8 in., while the hours of
sunshine and mean temperatures were well above normal. The
efiect of the drought was most s€vere on those experiments rvhere
the ground had to be prepared for the transplanting oI cabbages
and leeks. The cultivations were considerably delayed by the dry
state of the soil, the plants had to be watered in on several occasions,
and much patching was required to ensure a full plant. A severe
aphis attack in late summer caused a further set-back to the
cabbages.

The grass and clover seeds sown under the corn crops withstood
the drought far better than in 1 7, and all survived with a satis-
factory plart. The grasses and clovers undersown in 1948 as
experimental green manure crops made such rapid gror*th irt the
spriag of 1949 that by the time the spring-sown rape and lupins
uere ready to be ploughed in the former crops were so heavl, that
they had to be cut and weighed ofi.

The dry spring and summer retarded the growth of pasture
grass, and the spring flush did not last long. Subsequent growth
was very slow, and the pastures n'ere very bare for about 3 months,
despite topdressings of dtrogen. The fattening cattle were ready
for sale during Juty and August, leaving only store beasts on the
bare pastures. Hay yiekls were quite satisfactory Ior the dry season,
and the crop was carted in good condition.

The weed problem v'as far less serious than in the past few
pars. The mild winter encouraged the early germination o{
many weeds, which rvere then destroyed, while the crops were solvn
under satisfactory conditions and rvere able to compete strongly
with the later-germinating weeds. The dr5r weather prevented the
veeds Irom growing very fast, and so enabled the motor and hone
hoes to keep them under control. Herbicides were also used on
cereal and pea crops. The fields have therefore presented a cleaner
and tidier appearance than for several years past.

Corn looked very promising throughout the s€ason, although
some of the barley became lodged fairly early and other patches
lodged a{ter thunderstorrns earll,in July. Wheat and oats stood
well despite faidy heary t<-rp-dressiags oI nitrogenous fertilizers.
Harvesting operations started rather earter than usual, and were
continued alrnost without a hitch until they were finished almost
exactly a month later. Much of the com was not shocked, but was
carted straight from the binder rows. The threshing oI outside
stacks of y/heat and rye was done soon after harvest, and although
the yields were rather lorver tha.n their appearance when growing
suggested, the quality was excelleat, aud much of the rye was sold
for seed. The barley, which was threshed later, was rather dis-
appointiag in both yield aad quality.
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The potato€s m'ide reasonable growth ir the early pari of the
season but growth was slow durh8 August and September and the
crop began to die ofi much earlier than usual- Because of the dry
weather there was no incidence of Late Blight, and no spraying
against this disease was therefore required. The hawesting of the
experimental plots was completed in September, and yields were
far higher than was anticipated, although the tube$ were rather
smaller than usual, with many affected by scab. The lifting of the
large non-experimental area was completed in October, the haulm
having been burnt ofi with acid to facilitate lifting opemtioos. The
yiekls here were much lower than averate, and the tubers smaller,
and there was also some damage by cutworms. The crop has been
stored in au enclosed building at the farmstead to a depth of l0 ft.
and will be sorted during the winter. The lifting operations were
intemrpted by the sudden break in the weather which took place
at the end of the fust week in October. During that month the
rainIall was over 5 inches, alrnost twice the average.

Sugar beet proved the most disappointing crop of the season,
despite the abundance of sunshine. The crop was affected very
ear\ with Sugar Beet Yellows virus, which spread throughout the
whole crop. This disease, and the severe drought, resulted in low
yields and a very disappointing sugar content. Harvesting was
completed by the regular farm stafi by the middle oI December.

The rainlall duilrg November, 199, was slightly higher than
average, but December only had half the average, and ploughing
rvas carried out without much hterference. 33 acres were sowD
with wheat and rye for the 1950 harvest, and early damage by game
to these crops has been less than Ior several years past.

LrvBsrocx
C attle

A small bunch of yourg cattle were over-wintered outside,
mainly on sugar beet tops and oat or barley straw, and the mild
weather eBabled them to maintair their condition. A smaller
number of stronger cattle were yarded during the winter to make
F.Y.M. for experimeutal plots and were later sold fat ofi the grass.

Pigs
The small Large White pig herd has beeo maintained, most of

the progeny being retained and carried on to bacoD weight.
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WOBI.IRN EXPERIMENTAL
STATION
Bv H. H. Mlxx

Se-rsox
The season of 1949 was as great a contrast with that of 1948, as

it is almost possible to conceive, and the very dry summer months,
especially June, July and September, made many of the usual
operations in those months exceedingly diEcult and sometimes
impossible. All experiments which involved transplanting of crops
during those months were afiected, and in some cases, notably in
the cabbages following green manuring crops, the results were
consequently very difierent from what we have been accustomed to
get in this experiment. The amount of grazing during the summer
in the ley experiment was far less than usual, but, on the other hand,
com crops were at least up to the average and in the exp€riments
where sugar beet or potatoes were grown, the reduction in yield,
even on a light land farm like Wobum, was far less than might have
been expected. The meteorological records from October 1948 to
the end of 1949 are shown below.

MErronorocrc.[ RECORDS FoR 1948-1949
RdDr.[

Uolti Total No. of Brisbt
fall Eitrydays Sushin.

T.@p.ratc
Maimum Minimum I fr- in Gra

gEud miniDuo

rgaE

t9a9

lley

Jule

hoESFFFF
12 9a.2 56.3 12.3 5l.l 37-7
lS 74.7 ,19.8 A7.7 U.7 34-t
r8 58.{ 17.t 96.3 ,4r.9 tz.t

llean for 19.19 20.28 r29 1791.5 5a.9 12.1 52.1 36.8

Frsro ExpexrnrNrs
The field exlxriments at \I'oburn are now conducted under the

direction of the Field Plots Committee at Rothamsted, and that
Committee will report separately on them. There are, however, a
Iew points in connection with them that may be mentioned here.

In connection with the very serious infestation oI wild oats on
the permanent barley plots in Stackyard Field, records were
maintained as to the number of plants which grew on this area,
which, fortunately, was again kept Iallow in 1949. On the worst
portion of this area, the number of gowing wild oat plants was
counted on sample plots before most of the cultivations during the
year. As noted last year, a{ter a year of fallowing and intensive
cultivation in February 1948, there were nearly 4| million wild oat
plants per acre and 3| million a couple of months later. It is in
the spring that most of the dormant wild oat plants germinate with

1-2t
2.25

m.2

28.1
36.0

r2-0
,4,1.5
15r
17.1
40.2

32.1

0-96 12 @.0 46.5 35.3 10.2
l.la r0 116.5 ,44.9 33.4 3!).5
1.35 a lct a ,6.a sir.l ,()-6
t.65 Il 18a.2 5a-7 ar.o 19.9
2-tl 12 2ts.s 6{t.5 1r.1 53.a
o.71 6 23).1 @.1 4a.l 63-2
0.9t 6 2*.6 71.9 51.7 64.3
r.(B I ZEZ.6 73.6 51.6 6,1.6
0.8r 6 153.7 7t-2 53,3 o,2.4
5.02 15 129.2 GO.8 ,15.,a 5:r.5
2-86 1A 71.0 4a.7 3{i.9 a2.l
t.20 16 57.8 l?.t s7.2 40.9
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a subsidiary period of germination in.the autumn. The gradual
disappeararice of the pest and ttre length of time it takes to get rid
of it once the ground is baclly infested is shown in the lollowing
series o{ figures.

Nttnber oJ uild oat ank let aeft
May 1948.. ..

May1949.. ..
October 1949

2,400,000
1,200

5&l
32,6D5
14,888
4,4N
3,108

Notz as ta earliness Yiel.d of dry
grain ler acre

Very early: rather dwarf plauts .. 2'20 tons
Fairly early: taller thar 275 . . 1'69 tons
Earliness as 240 .. 1.03 tons
Latest of the four varieties and the

September 19,18
November 1948
llarch 1949

January 1950

V arietg

Wisconsin 275
\Yisconsin 240
Wisconsin 1600
Wisconsin 255

It is evident that one year's lallow leaves still enormous numbers
of viable n'ild oat seeds in the soil: two year's Iallow gets rid of
most of these, but even alter three years there are still quite a fair
number of seeds still capable of growing. Two other interesting
points emerge from our observations. First, practically all the wild
oat plants spring from seeds in the top few inches of the soil: it is
rare to find a living oat plant rising from below the plough level.
Second, the greater numb€r of autumn plants in 1949 over 1948
seems probably to be connected with the dry summer in 1949 which
would lead to the greater likethood of water penetrating the hard
skin of the wild oat seed. On the whole, it is clear that even three
years of intensive lallowing will not entirely eradicate wild oats
when once they have really become a heary infestation.

One of the matters vhich have Ior a number of years been a
Ieature of the Wobum Station has been the growing of certain
exotic crops, which seem to have possibiLities in this country,
especially on the well drained but semi-acid soil which is characteristic
of the Station. For most of the crops which we have studied, 1949
has been a very good season, giving some of those more suited to
wa"rmer climates a treater chance of ripening than was the case,
Ior example in 1948. The crops of this kind grown in 1949 have
been hybrid maize from the United States, soya beans bred for long
days in Sweden, serradella, and birdsfoot trefoil for forage.

With regard to maize, where we grew several of the early
\f isconsin hybrids (seed of which was kintlly supplied by Dr. Neal
of that State), we were able to ripen all the typ€s supplied and to
get a crop much earlier than was the case in 1948. The yield was
also much higher, and the ripening about 30 days earlier than in
1948. The yields obtained are sho*'n below:-

tallest 1-20 tons

The only manuring given was 3| cvt. oI sulphate of ammonia per
aoe on May l7th, the maize having been sown on April 21st. To
get these yields it is Decessary to obtain seed direct from the breeders:
to test this point we grew Wisconsin 240 from our own seed of this
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variety grown in 1948; this only gave a field of 1.20 tons per acre
as against 1.69 tons for the freshly imported seed. It seehs that
these early hybrid varieties of ma.ize could have an important place
in British agriculture, especially among small holders, very little
seed being needed and the crop being used for feeding without
threshing, after grinding the whole of the cob together.

With regard to soya beans, we have growrt a number of varieties
developed by Hol.rnbergs of Sweden, as suited for higher latitudes
than the soya bean areas of the U.S.A. and so ripening under our
conditions when the usual American types will not do so. The
usual difficulties with this crop in the past have been that tbe high
yielding varieties wiruld not ripen, and the t)?es which could be
relied on to give ripe beans were very poor yielding. The Swedish
soya beans that we have grown in lg49 are dwarf t)?es and can be
grown much closer spaced than is usually the case, but erren with
our usual spacing we were able to reap 13| cwt. of dry beans of some
of the varieties per acre. This certainly gives promise that when
proper spacing is adopted we shall reach a commercial yield under
British conditions.

Other exotic crops that have done well at Woburn ia 1949 have
been serradella and birdsfoot trefoil, both suitable crops on semi-
acid soils for Iodder growing, The latter, gro,nrl from American
seed, gave just under three tons of treen fodder 1>er acre on July 7th
from seed sown near the end of April, while it has continued to grow
and appears likely to give at least the same amount of fodder in
1950.

PoT EXPERIMENTS

Clooer sickness
We have been working at the question of the failrrre oI clover to

give a remunerative yield when grown too frequently on the same
land, for a number of years, even in the absence of any known
pathogen, and we have ventured to bring our results belore one of
the scientific societies during the past year. The cause of the
failure is still undetermined, but we seem to be approaching a solution
and we can perhaps summarize the present position here. Tests
made over a number of years made it clear that even in the absence
oI clover rot fungus and the well knorrn stem eelworm, clover
growth became less and less in successive years if any of the usual
varieties were grown year after year on the same soil. After growing
clover Ior about five years in this manner, the soil became so clover
sick that only tiny plants could be produced, and no knowa pathogen
has been found which would accoult for the reduction in size.

We investigated the question as to whether the productioo of the
sick condition in the land could be speeded up by increasing the
temperature at which the clover is.growa, by growing the plants
under semi-waterlogged conditions, and by other methods. The
only striking result has, however, been obtained by increasing the
proportion of growing clover to soil, i.e. by growing as much clover
as couid be crowded into a pot, on very shallow soil. Under these
conditions the soil becomes sick very much more quickly and this
suggests the possibility that the clover itself leaves something in
the soil which is inimical to further growth of clover.
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It quickly became evident that the addition oI plant foods to
the soil in the form of fertitizers would do Little, if anl'thing, to
restore the healthy and proper growth of clover. This rryas found
by Lawes aud GilSen neaily 100 years a6o, and we can confirm their
c6nclusious. They, bowever, state that if the soil contains large
amounts of organi,c matter clover sickness does not appear nearly so
soon as in other cases- Hence we tried the effect of addition of
large amounts oI farmyard manure to the sick soil ald at once we
obt-ained again a normal growth oI clover. The efiect did not last
long, and on continuing to grow clover in succeeding years, the soil
ouiiklv reverted to the sick condition. Next we tried the efiect of
lieatin"s the soit in a moist condition to 70'C. for two hours, with the
result ihat normal $owth was again obtained though not quite up to
the standard of fresh soil. This has been repeated several times,
alwavs with the same resutt. If the soil is heated in the dry
condition, little efiect is found. Other methods we have tried are
(l) treatment of the soil with toluene to remove any active organisms.
ibis aave no improvement of the clover on the sick soil, (2) treatment
of thi soit rrith tormalin and then washing out tbe formalin with
water. ln this case stight but not very marked improvement was
shown, but nothing like the growth on fresb soil was obtained; (3)

the treatment of t[e soil with hydrogen peroxide so as to oxidize the
more labile materials, and then washing out the reagent. In this
case no improvement was reached, Negative results were also
obtained when we tried to wash out any leachable materials from the
soil, after whictr there was practically no improvement in cloYg!
srowth, while the leachates applied to clover in healthy soil did
iittle or notbing to brirg about the dwarfing of the plants

This is the stage at which the matter now rests. No definite
Dathosen has beeu identified which causes the condition here
hescriEea, but its production can be intensifed and quickened by
increasing the proportion of clover to soil. The sick condition
cannot E rem&ied by any addition o{ the ordinary plant -{oods
to the soil, but can be temPorarily got rid of by the addition of large
amounts of farmvard manure or by heating tbe moist soil to 70'C.
Washing the soil-has no improving efiect and the washings had no
harmfut effect on clover in fresh soil. Neither treating the soil
with toluene nor partial oxidation with hydrogen peroxide did any
good, while Iormalin had only a slight efiect.

Combeliliott of oob blar s P/own lolethcl
Starting ;s jn 'invest'igation -into the comPetitive power of

several we-eds with ihe bartey croP, this work has been widened
in the last t\f,o years into a study of the mutual eflect of tw9 crog
plants usually grom together. In 1948 we studied the efiect of
Larlev and ciover when grown together, and in 1949, the mutual
efiect'of wegrass and cloler when laid down together, as is usual
in an ordinirv erass seed mixture. The results arc now being
worked uo arid promise to give results of distinct value. It Ls

hoped to pubtish ihe results of the two yeam' work in tbe course of
the next few months.
The Mtrition of oobs utdcr vcrv otid cotdilions

For a num-ber of yu..s an investigation has been in Pro$ess to
find out why barley irill not grow under conditions more acid than

I
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tbat represetrted by a pH value of 4'7 to 5'0. The special points
that have been worked at in 1949 have been the relative effect of
acidity (pH value), presence and absence oI soluble phosphates in
the soil, and the question of whether the actual amount of calcium
present has ary efiect on the growth of the barley. The plan of
the experimeut enabled us to separate clea.rly the effect due to the
several factors mentioned, and we are now workiag up the results
with a view to early publication. It is clear, however, that while
the dominant factor in the failure of barley on the very acid soil is
the presence of something which can be precipitated by soluble
phosphates even iI these do not cause any reduction irr acidity, there
is a clear efiect of calcium salts which do not raise the pH value. A
still more striking result was obtained with lucerne, which was made
to grow on.soil at a pH value of 4'2 alLer the addition of sodium
phosphate in large quantities.

LeBoRAronv Wom
Changes in the sulphw content oJ soils wrder lang t'reatmed uith

aiifuial and other marures
At lVobum we have land which has been under barley for nearly

eighty years being treated with various marures every year, and
from these plots samples of the soil have been taken from time to
time at least during the first fifty years. In some quarters the
changes in {ertility have been attributed in some measure to changes
in the available sulphur content of the soils. This matter has now
been under investigation for several years and the work is now
tlrawing to a close. It is hoped to complete it during the next few
months.

Most of the time of the laboratory stafi is usually taken up
with the analyses, etc. in connection with the field and pot experi-
ments. Mosf of this work falls on Mr. Barnes and his staff, together
with the detailed carrying on oI the pot experimental work.

At the end oI the year, Mr, Barnes has also ta-ken over a good
deal of the recording of the field experiments, and has also become
resident on the Station itself.
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