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ROT}IAMSTED REPORT FOR 1938

The outstanding event of 1938 was the inauguration oI the

".r"re"*.nit 
for ce"lebrating the centenary in 1943. As Rothamsted

is bviar the oldest existing agricultural station' the centenary n'ltl
'U="-in 

t ittoti" event of w6rld"-wide inlerest and the preparations

-".i U"ii" in ampte time. The Committee has decided that the

..iJr"rlin tlttt tate the {orm ofputting the laboratories, equipm.ent

and farm and other buildings into proPer order as,lar -as PosslDle
for the thorough carrying out of the work, and of adding to the

endowment a ium suficient to ensure proPer maintenance ot the
fabric and to Dermit certain essential salary augmenlations' - 

An
Inausura[ Meeiing was called on November lsl, 1938, at wluch

ii-nif. d," Duke" of Kent presided. H.M. the King op"l"^q 1!9
srrbscriotion list. and promises and donations amounting to l3I,O(ru
*"* ,i,ro**d. Th; fund has since grown and on June l2th
t939 it slood al f3?,I00 of which {10,000 is earmarked for special

nrrrioses. The cl6uded international situation has hindered opera-

i""'.. Uut a slart has already been made in erecting proper labora-

i;;": l; ihe chemical, biochemical and bacteriological workers'

i;i;; ;" it is hoped. to provide Ior more.Pot culture houses, the

extension of the {;rm buiidings and rhe laying out of the fore-court'
The total cost of this part ii to be about {47,000 9f wttictt^3q19

iu,soo ir found by th6 Ministry oI Agriculture and some f,3l,ooo
i.rom the Centenarv Fund.

The need. for tL extensions is very great: the departments
concemed have hitherto been working under serious disadvantages'

which have prevented them from accomplishing as much as they

would have liked.

THE WORK OF THE STATION: WORK AT IIOME

The ourpose of the work is to provide the basis for impronng
and devilopine asricullure and for raising the standard ot country
ti{e. Asricult;e,-however, is so complex, and its practices are so

diversel varving so much according to local conditions, that rt -ls
nuile imDo'sibl; to lav down rules for universal adoption' 1'hrouth-
irt Gr"it Britain there are County Organisers ard Local Adeisory
Exoerts who keep in touch with individual farmers and give them
G"'U"ii ,A.ri." .i"i)able in regard to their dificulties. The function
oi-nothrt""tud is to provide lrustworthy in{ormation about soils,

croos. fertilizers, diseases and Fsts of crops, and generally.any
sub'iect connected with soil management and crop productlon:
and'to put I his inlormation into forrns in which County Organrsers,

expertJand good Iarmers can use it-
The information is obtained in the laboratories, pot-culture

1reu.e. and experimental Iields. The key experiments are,made.at
Rothamsred on hear,y soil and at Woburn on light soil, and in,order
lo find the Jurther effects of soil and weather condrtrons, selecteo

"*p"ii-""tt 
are repeated on good commercial farms in different
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2l
parts oI the coutry. We owe a great deal to those farmers who,
it much inconvenience to themselves, allow us to make these experi-
ments il their fields under conditions of good practice.

These outside field experiments are a vitally importart part oI
our work and we are hoping to extend them so as to strengthen
still further the links between the research workers arrd the advisory
staffs. The experiments are designed, and the results worked out,
bv the Chemiial ard Statisiical DeDartmenfs, and the carrying
oit oI the experiments is in charge oi Mr. H. V. Garner, lo whom
much of the success of the scheme is due.

EXPERIMENTS AT OIITSIDE CENTRES

Durhg 1938 the following croPs came "nder exPeriment at the
centres inilicated and rrith tbe valuable field assistance oI the
experimenters named.

Potatoes. Balaace of manures (three levels of nitrogen, phos-
phate arld potash in all their 27 combinations).

Isle oI EIy-Mr. w. E. Mortoo'

Sugar beet. (a) Response to three levels of nitrogen, phosPhate
and potash in all their 27 combinations.

East IrthiaD-i! coDiuoctroo with t]le statl oI the Cupar Sugar
Factory.

Ess€x-Felstead Sugar FactorY.
Fife--{uDar Susar Factorv.
Isle of Eiy (two_ceotres)-Ety a-od Peterborough Factories'
Liacolns[ini (seveE ceokes)-Bardney, Brig8, Newark, Spalding,

Susar Factories.
Norfolf (seven centres)--{anttey, KioS's Lyo.!, atrd WissiDgton

SuRar Factories.
Nottiog-haE--4olwick Sugar Faatory.
Northa--rnDtoo-Peterborough Sugar Factory.
Sbropshiie (tso ceDtres)-AIscott Sugar Factory.
Surfdlk (four cetrhes)-Bury St. Edmunds and Ipswicb Sugar

Factories.
Worcestershire--Kjdderminster Sugar Factory.
Yorkshirc (three centres)-Poltpleton and Selby SuSar Factories'

(6) Time of tifting and eJfect of fertilisers.' ' Lincolnshire-SDaldioe Sugar Factory.
Norfolk (two ce;hes)--{anuey Sugar Factory.
soflolk-Bxrv St. Edmu.ds Sogar Factory'

(c) Ploughing in of fertilisers.
Sufiolk-Mr. A. W. Oldershaw.

(d) Residues of Chalk applied in 1932.
strIlolk-Mr. A. W. Oldershaw.

le\ C)ther exoeriments were carried out :' ' Lirrcotnsb]re-Lindsey CoEnty Couacil, BriSg aDd BardDey Sugar
Factories.

Norfolk-Wissingtotr Sugar Factory.
Nottiagham-Nesark Sogar Factory.

Poultrv Manure Experiments. Ministry o{ Agriculture Scheme.

The fertitising value of poultry manure and its cumulative and
rasidual eJfects.

Bedlordshire-Mr. T. W. Dallas. Vegetable MaEows.
B€rkshire--Prof. R: H. Stoughtotr. Chr]EaDthemEEs' Strrwb€rde''
Bistol Ptovincc-Mr. A. W. Lint. Early Potatoca.
xcnf.-Dr. K. BaEatt' Oaion8.
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Small scale trials testint the cumulative eflect of pouttry manure
were made at eighteen schools in various parts of the British Isles.

Basic Slag Committee Experiments.
Residual effeck ot Dhosphates aeasured iD OaLs ad Hay,

West o, Scotland-Prof. n- it- U-cLrtlur-
Experiments on Organic Manures,

KeDt-Mr. G, Ossenton. Mangolds.
SEffolL-Mr. A. W. Oldershaw. Potatoes.
Sussex-Irod SettlemeBt Associatioo. Potatoes.

The dissemination oI the information gained by these various
experiments is effected by $'ritings, lectures or addresses, broadcast
talks and visits of various kinds. Much of the lecturing is done by
Mr. Gamer, but other members of the staff share it with him, anil
so far as is practicable a lecture visit is combined with visits to farms
in the distdc-t-

The iustification for these extensions is that agricultural research
work calnot be regarded as complete unl il it has found a way into
current teaching or practice, and the first sleps must be taken by
the Research Institute itself. The work gains considerably thereby,
for it often happens that considerable extensions are opened up
through the observation and criticism of the advisors and farmeri.
A good exa.mple is afforded bv the discovery in the Botanical
Deparfment a[ Rothamsred in I'923 rhar small quantities of boron
are essential to the growth of certain plants. This was at Iirst
regarded rather as a scientific curiosity till agricultual experts in
various parts oI the world learned the sl,.rnptoms of boron deficiency
and found that it was widely spread, and was the cause of certain
plant diseases that had caused a good deal of trouble. Once the
cause was discovered the remedy was easily applied, and now these
diseases are well under control. But the diseases and the associated
problems of the practical growers have opened up a new lot of
scientific problems and shovryr that the subject is much wider than
was first suspected. Many of these diseases occur overseas, e.g. in
New Zealand. Australia, the United States, and rbe investigations
made in these countries have proved very' helpful to agricultural
cxfrerts in Great Britain in showing them what to look for.

OYERSEAS WORK, AND LINKS WITH OTIIER
AGRICULTURAL RESEARCH STATIONS

The overseas activities oI Rothamsted.began in 1923 when the
Director rvas invited jointly by the Sudan Government and the
Empire Cotlon Growing Corporation lo visit the Sudan and advise
in regard to agricultu-ral developments and scientific services.
Subsequent visits of a similar nature have been made to other
parts of AIrica, Palestine, Australia, New Zealand, Canada, India,
and outside the Empire. the United States and European countries
including Russia. In additioD a good deal of experimental work in
paris of tbe tropical Empire is organised or directed from Rotbam-
sted, and this has in several cases led to the transfer of Rothamsted
workers to large plalting organisations overseas. The old methods
of plot experiments had in many cases prove<I unhelpful, but the
new methods worked out at Rothamsted fom 1926 onwards have
proved of great value and are now widely adopted in A&ica, Indta,
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Malaya, Ceylon and elsewhere, They have the great merit of
giving results oI known validity, so that the magnitude of the
experimental error can be estimated, and in consequence the experi-
menter knows how much importance attaches to each Iigue in his
results. Dr. W. B. Haines in 1927 gave up his post at Rothamsted
to carry out experiments on the Erowth oI rubber in Malaya,
remaining in close association, however, with the chemical and
statistical departments. His work has already had a marked effect
in showing how the rubber trees should be manured. Dr. H. J. Page,
formerly head of our Chemical Department, has accepted the
Directoiship of the Rubber Research Institute in Malava, thus
ensuring close touch between their workers and ours. A visit by
Dr. Crowther in 1938 still further strengthened the connections.
Dr. T. Eden left Rothamsted in 1927 Ior the Tea Research Institute
i:r Ceylon and by suitably applying the new field plot technique has
succeeded in obtaining valuable information about the manunng ot
tea which the older methods never could have given, in view of the
dificulties such as steeply slophg ground, etc. All the imPorlant
sugar Grne experimenti in India are laid out on the modern lines
discussed in our laboratories with Dr. Vaidyalathan and others
resoonsible for their oerformance. This use of Rothamsted methods
anri oI Rothamsted r^esults ha. led to invitations to members of the
staff to visit overseas countries for purposes of discussion with the
errrerts there: durins 1938 the Director was invited to Australia
an'd Ceylon : Dr. Croinher was invited to Plan exPeriments on the
manuring of oil palm and to visit West Africa as exPert attached
to the ieverhuline Commission ; Mr. Cochran was inviled to
the United States to lectue on the recent application oJ statistical
methods to agricultual problems : in addition Dr. Marn went
to New Zealan-d. Quite ap-art from the many advantag€s of render-
ing service to the large planting organisations olxrating overseas,
brit centred. in Englaicl, and ofleturning courteiies to the Uniled
States and European Universities and exPeriment stations which
are invariablv wiline to helD us-aDart from all this the Rol hansted
work gains 6normo,isly by these visits: the methods and results
are criticised by really competent e4rrts and new ideas emerge.
In all scientifii work. and 6speciallv-in agricultual scierce,.it is
the new idea that counts: and wheiher it was acquired in Africa,
America, or at home is oI secondary importance.

TIIE LESSON FOR THE BRITISH FARMER

One impression comes out very definitely from these overseas

visits. Farmers in every exPorthg country are casl ing longing
eves on the Enslish maiket,-and their expert advisors are doing
i6eir best io hel"p tbem secure a place. English farmers can keep
their oosition oilv bv maintainine a bigh itanclard of efficiency,
for it'is certain ibai no protection would long be given to an
inefrcient industry.

GRASSLAND
Numerous experiments are made on grasslaJrd. For so99

vears these were dhieflv concerned with basic slag and were carried
irut under the aegis ofihe Basic SIag Committee of the Ministry of
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Agriculture, but this has unfortunately come to ar end with tbe
setting up of the Land Fertility Committee. Although much
remains to be done there is at present no research work on basic
slag. The present grassland experiments are concerned with the
effect of fertilisers on tbe vield and botanical composition of hay
(studied in the Botanical Department) arrd with the effect of cake
fed to grazing animals on the feeding value of pasture land.

Tm Cnopprxc or Proucnro-up GRASSLAND

An investigation of special interest has been begr.rn to study
various ways o{ rapiclly converting grassland into arable land with
a view to the fullest utilisation of its stored-up fertility.

During the period that the land has lain in grass it has accumu-
lated fertility and tbis is liberated when the land is ploughed up.
A field experiment of special interest has been started to find how
best the fertility can be utilised: several different {irst crolx are
being tried. Considerable work is being done on another problem
of particular importance, \,shile it was in grass the land accumulated
not only fertility but usually also accumulated insect pests, especially
wire worms, which may do great damage, sometimes almost ruining
the first crop. The possibility of controlling wire worms by soil
insecticides has been under investigation since January, lg3l, b1
Maior W. R. S. I-adell, but he lelt i; April, 1938io take'ihe po;t;f
4gronomist and Soil Chemist to the West India Sugar Compan1.,
Jamaica; the work was then continued by Messrs. P. S. Milne
and If. G. Gough. The problem is diftcult but not by any means
hopeless.

CONTINUOUS WHEAT GROWING

The wheat consumption of the United Kingdom is about 6l
million tons per annum, of which about l* million tons are produced
at home aud the rest is imported. The need for ensuring that the
home production shall not Iall below its present level has led to the
ado,ption of certain financial devices, and the possibility that a
higher h-orne,p:oduction might be needed has o6ned up certain
technical problems.

Increased wheat production could be brought about in two wavs :

by more frequent growth of wheat on existing arable land, and by
ploughing grassland a.nd sowing it with wheat. For various reason_-s
the former is the easier. Valuable information on lhis subject is
furnished by the Broadbalk wheat field at Rothamsted on'which
wheat has been grown for nearly I0O years; its history is ver1.
instructive. The field has long been arable land: it appe-ars so on
the estate map of 1620 when"it had the same bounddries as now,
though it was called Sheepcote field and not Broadbalk. Its soil is
hea!'y but it never had much reputation {or fertility and at the
outset of the exDeriments it vieldid about 20 bushels of wheat Der
acre. In 1839 it-was given j dressing of {armyard manure for ihe
turnip crop: this was succeeded in l8r1o by barley, h l84l by peas,
in 1842 by wheat and 1843 oats; then in O:tober, l84il, the field
was so.lr,rr with wheat, and it has been croppeC with wheat each year
.sv'er since : the ainety-fifth successive crop was harvested in Aufrrst,
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1938. No farmyard manure has been applied since 1839 excePt to
one olot. nor has there been any green manure or any sort ol orgarlc
man'ure.' One plot has been lYiihout manure since 1839 and thls
has now reach^ed its hundredth year of abstinence Olher crops

have received various combinations of artiticial fertilisers, the
.aml combination every \'ear since 1843 on some plols and since

1852 on the others, so'ai to allow the study of any cumulatrve
e{fects either on the soil or on the crop. In the early years there

were manv who thought this continued use o{ afl ificials in the large

;;ii-ti; ei;n;"" some plots over l0 c\trts. per acre-would
doison the soit and ruin the crop; the grain, it was suPPosed, would
Le Iacking in quality or nutritive vatue as the result of this suPPosed

unnatural method oI Srowth.

For manv vears none of these things happened, excePt that the
vield on the"unmanued plot {ell to about 12 bushels Per acre, and

ihai on the olots withoui nitrogen was but little better' There was

no inilicaiioir of anv deterioration of the grain.

After a time, ho*ut 
"r, 

*""d. b"gan to be troublesome' In those

.lavs abundant child labour was available and there was much hand
*.'"ainn. t rt ltt"t on labour was not obtainable and the fields became

- io-*t u.".t bad.lv infested. The trouble was particularlv marked
durine t"he War ana Ior a time afterwards, when great dllhculty
was e"xoerienced in keeping the experiment going: {or some- y-ears

the unmanured plot yieidea only about 9 bushels per- acre '^1n9 
tto:e

receiving farmyird m"n,,r. ot iomplete arti{icials aboYt q0 }l1s*l:
oer acrel From time to time atlempts were made to deal wrth the
ieed oroblem bv partial fallows: in 1889 and 1890 by wide rows

o"". fr'"f f of rnelt'ot to permit of hoeing ; and in l9l4 one half oI

each olot was failowed, and the other half in the following year ;

i. igfs. rotatins {allow was introduced which became regularised

hv 1930-3I. one iiflh o{ each plot being fallowed in the lransverse

direction and the rernaining fbur-{ifths cropped' The fallow }ept
do$'n the weeds lor one year but not, so far as could be,udged, lor
much longer. The fundamental difficulty is that the short interval
between liarvesting of one crop and sowing the next allows so little
iime for cultivati"on; weed ieeds especially of the black bent

I Alobec$/us asraslrt) rernain in lhe .oil till the wheat is sown'

i"iiivutlon ha"s now, how"rer, been greatly sPeeded up with the
iid of the tractor. Whether it is thisfaclororsomepeculiarilyof t-he

season 1937-38 we are nol PrePared lo say, but ce-rtainly the yields

on Broadbalk in 1938 were ixciptionatly high, such aslad not been

attained for many years on any plot and on some- th€y were the
triehe"t vields evei ricorded. In particular the plot which has had no

minure"for l0O vears gave no less than 39 bushels per acre on lhe
part that had b6en {al"lowed during 193? and the remaining parts
averaged 20 bushels Per acre.

Clnlv time will show whether tbe vields of 1938 cao be rePeated,
rlrt thi exoeriment Droves clearlv ihat wheat ca'n if desired be
grown continuouslv oir the same laird. Why then is it that d-ificulties
Irise when wheaf is grown contiluously on mech-anised farms ?

The answer is probabllito be found ir the nature of the soil On the
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heavy Broadbalk Soil the wheat crop remains healthy. Diseases
and pests are, oI cou$e, present, but they usually do but little harm.
The lighter soils, however, and especially the light chalky soils
on which the mechanised Iarms are so often situated, are much
more liable to certain Iungus diseases such as Take-all, lodging
diseases (Cercosfotella) and others- Mr. Garrett is studying these
diseases with a view to finding some method of control: if this can
be done continuous or very frequent wheat growing with suitable
artilicial Iertilisers, but without farmyard manure, should become
possible on a wide sca1e.

TABLE I
Yields of Wtual, Broatlbalh

Blsh.ls dtassed grai\ ?n adc

Plot Annual tieatmetrt

20 yeals'
average

1852-1871
l0 years' average

1928-1937
1938

All

tions

ExcludiEg
sections
followitrg

fallow

All

tions

Excludif,g
sectioos

Iollowiog
,allow

6
7
8

No maDure .. . .

Complete artificials
I dose nitrogen ..
2 doses Bitrogen .,
3 doses dtiogen ..
Farmyard maoure

15.2

28.5
35.3
38.3
35.9

t3.5

27.4
24.2
24.9

8.9

15.1
21.9
24.1
2t.6

24.6

40.2
48.5
55.9
55.3

19.8

31.1
45.2
62.8
49.3

It is sometimes stated that wheat grown in this way without
organic manure has less nutritive value than wheat 6rown with it,
The Broadbalk experiments afford no evidence of this claim.
Samples of grain lrom the different plots were sent to the Dunn
Nutritional laboratories at Cambridge and examined by Dr. Harris,
but no consistent diflerence in their content oI Vitamin Br could be
found. Nor have the milling or baking tests ever shown any superi-
ority of organic over inorganic manure, The claim is also-made in
regard to other crops: fruit, vegetables, tea, etc.: but no good
experiments have shown any difference. Bad misuse of ertiEcial
(ertilisers may of course lead lo loss of quality of produce and it is
well known thal larmyard manure has l"arious beneficial effects on
the soi I

FALLOW AS PREPARATION FOR WI{EAT
CoupenrsoN oF A oNE-]'EAR rALLow wrrr A TEREE-vEAR FALLow ;

Hoosrrero
The yields oI Broadbalk wheat in 1930 showed a remarkable

response to a previous two-year fallow and on most plots a further
response to a four-year {allow. The effects were most marked on the
plots receiving no nitrogen; in particular. the yields on the con-
tinuously uLmanured plots were i

Whrd grdin : cd. pa au.
fo*oDingWheat Tso veirs'raloiw Four vearc' {allow3.3 1.6 l0:4 rr.C ' n.4
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To study this effect fi.rther, a comPaxison of the effect of a
one-year fallow with that of a tfuee-year fallow was included in
tbe unmanured wheat plots on Hooslield from 1934 onwar<Is.

TABLE II
Whadt dfret fdlou : HoosJicv

Grdin : cutt. Per erc
Tbtee-year fa[ow 

I

Otre-year falow
Mean

O[e-year Iallow
Broadbalk

1034
1035
r036
1937
1038

t6.8r
s.1
2.9
4.8

17.7

r8.4
12.4

5.4
22.5

12.3, 17 .2
6.3,3.7
5.0,2.8
4.8, 6.0

u.0, 1s.2

14.8
6.0
3.0
6.4

18.1
* T{o yea$' fallow.

Except possibly in 1935, the beneficial effect o1 a three-year
Iallow was no greater than that of a one-year fallow. It is
uncertain how effective the one-vear fallow was in these
years, since there are no plots on this field without fallow, but it
may be noted that on the corresponding plots on Broadbalk a one-
year fallow produced an increase in yields in all these years except
1936. The Broadbalk yields after a one-year fallow are, however,
Iairly consistently above these on Hoosfield.

The Hoos{ield results are supported by those on the unmanured
plots on Broadbalk, in which on the average of these seasons the
yields Iollowing a fallow two years previously were no higher than
those following a fallow three or four years previously.

TABI,E III
Bloaifrdlh @fua4 groin : cal. Pd er.

Plot g {io ,nanul.J
Ycar after fallos

83
r8.4
t2.4
6.7
6.4

22.6

10.6 S.03.0 3.r
1.5 4.1
6.2 4.7
ll.0 12.1

1934
1936
1930
tg37
r938

t3.2
5.8
8.2
3.t

ll.7

The indications on both fielals are that il most seasons no marked
ellect of a Iallow is detectable after more thar one year.

EFT'ECTS OF TEMPORARY LEYS AND GREEN MANURES
PRECEDING WHEAT

Clover, ryegrass and a clover-ryegrass mixture were compared
with lallow as temporary leys preceding wheat in thee exPeriments
at Rothamsted duriag l93f-3i1, 193436 and 193&38 respectively.
The leys were sorpn under barlelu and cut in mid-summer in the
,ollowing season.

l{ean 12.9
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TABLE IV
Elfecls oJ LhAersou;ng of leys o, barlqt Erair.

Barla! graia : cut. ?er acre

UadeIsolxn nrith
Clover-

Clover Ryegrass Byegrass

15.8

No
1ey

t6.r
24.8

t93t
rs36

The lelds of barley were not recorded in 1934. In the other
years there was no widence of any deleterious effect of undersowing
on the barley.

After the first cut of leys some plots were ploughed while ou
others a second cut of the leys was taken. The yields of dry matter
oi the leys are shown below.

17.3
26.6

16.0 +0.80
+0.96

+0.472
+0.51E
+0.463

TABLE V
Dry nta ar : cttt. ?er dcrc

Clover-
Clover Ryegia-ss Ryegrass

lS32 First ctrt - -

Second cut . .

1936 First clt ..
Second cut . .

1937 First cut ..
SecoEd cut . .

19.6 37.9 27.8
7.7 12.8 2.9

27.5 30.6 12.8
10.6 8.9 2.2

The clover-ryegrass mixture gave consistently the most sub,
stantial crop. Clover had about the same total yield as ryegrass
in 1932 but a much higher yield in 1935 and 1937. The yields at
the second cuts were much smaller than at the first cuts, particularly
so with ryegrass. The 1937 experiment also containad a spring
dressing of sulphate of ammonia (0.3 fl^,I. N per acre) to the leys.
This had no effect on clover but increased the clover-ryetrass
mixture by 8 cwt. and ryegrass alone by 24 cwt. per acre.

30.4 46.6 34.8
18_l rr-6 1.2

16.4
I t.0
26.2

30.4
16.4
36.3

Ig33
1936
1938

TABLE YI
Aoerog. clfe.Js of falou and Ws on @tual

G?dir, : cur. per dcrc
Prec€diag crop

Clover-
CIover Ryegrass Ryegrass

26.6 20.712.7 t2.1
33.6 27.6

AII lbree leys decreased the yields of wheat as compared with
fallow. In each case lbe smallesi decrease occurred afterilover and
the lartest after ryegrass. The decreases with clover ranged from
3 to 5 cwt. per acre. The decreases with the other levs wire little
Sreate,r lhan with clover in 1936 on a poor crop of wheat, but in
the other two years they averaged 9.2 cwt. per a&e with the clover-
ryegrass mixture and 12.0 cwt. per acre with ryegrass,

The experiments also contained a spring ilressing of sulphate oI
ammonia applied to half-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-1-86 pp 11

1032 (0.2 cwt.)
1036 (0.3 cwt.)
1038 (0.3 cwt.)

4

TABLE VII
Wh.d gtcii : cd. Qct uc

Rcs?ons?s to stJ?hat of anlnonia
Prec€di-og crop
Clover Clover- Rjregrass

Ryeg:'ass

-0.2 +0.7 +r.0 +r.r+4.6' +0.2 +r.6r + l.?.
+ t.0 _0.2 +2.t* +2.6.* : signficaDt response.

FoUowing
Clover Clover- RYegrass

Ryegress

+0.835
+0.603
+0.693

As might be expected, sulphate of ammonia gave litlle lf any
increase on plots Iollowing clover. The plots following the clover-

ryegrass mi*ture and ryegrass alone showed moderate responses in
ail ihree years, while the fallow plots have a large response in 1936,
a year of high winter raiafall.- In ihe first experiment, the plots ploughed after the first cut
of the levs were ldft fallow over-the summer. In addition to this
treatmeni, the last two experiments contained a comparison oI
vetches and mustard as green mamues grown after the ILst cut of
the leys. The green manures were also grown on so,me of the plots
which had lain fallow since the barley crop. The amounts of
nitrogen buried per acre when the green manures were ploughed
under are shown below.

TABLE VIII
Crc.n rnanw. cto,s : ailrogcn tb. ?er etu

Mustard

Vetches

Musta.d

Vetches

Tbe 1935 8,reen manures were Practically a failure. In 1937

the stimulatio-n of grourth on ploti which had previously been

fallow is evident, wh"ile the clovlr plots produced a better ErorPlh
than clover and ryegrass or ryegrass alone. There was little

TABLE IX
ElJccrs of €rccn ,nanures a*l summa fallow a ulval

Wh.at grain cal- P., acrc
PrecediDg croP

Fallow Clover Clover-
Ryegrass

1033 Surrroer latlow
2 cuts

Summer lallow
1936 2 cuts

Mustard
Vctches

61

62

lot 71 32 11

Itl 67 32 49

Rye-
Srass

12.6 13.0 9.8I/ o lB.8 15.8 12.1
t6.2 rl.2 11.8 t2.4
16.3 r0.3 9.2 9.0

Su&mer tallo\r
1038 2 cuts

Mustard
vctchcs

37.0 31.9
33.6
33.0

25.2 3t.8
29.4 2r.9
26.7 23.0
27.6 27.4

+0.736

13.2

12.8
I1.0

33.2

29.6
3l.r

30.4 1,E.? ?l:3 il:i

3t.6
36.8

+0.90?

+0-578
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difference between the amoults of nitrogen buried in the two gree[
manures.

The effects of taking a second cut of the leys, as compard with
a su[rmer fallow, are not very consistent. In 1936 the second cuts
produced significant increases in the yield of wheat of about 3 cwt.
per acre with all three leys. In the other years the second cuts
resulted in sigrificant decreases, except for clover in l9ilil and the
clover-ryegrass mixture ir 1938, for which there was little effect.
The growing of a green manure crop generally reduced the yield
o{ wheat as compared with a summer fallow, the average reduction
being 1.3 cwt. per acre in 1936 and 2.8 cwt. per acre in 1938. In
1936, when the $een manure crops were poor, vetcbes produced a
signilicantly greater reduction than mustard, but in 1938 the
position was reversed.

In each of the three exPeriments work was undertaken in the
Chemistry Department to follo\f, the seasonal changes in the nitrates
and arnmonia and readily decomposible crop residues of tbe soils
iD an attempt to trace the form in which available nitrogen is
carried over from one year to another. Samples representing all
the treatments were analysed periodically for nitrate and ammonia
in the fresh soils and also for the amounts of carbon dioxide, nitrate
and ammonia produced during incubation for three weeks under
optimal conditions.

In the second and third experiments some of these analyses
were also carried out on subsoil samples.

The diflerences in weather conditions in the three seasons so
arfected the yield of wheat and the responses to the previous
ooppings that it is scarcely possible to establish general quantitative
relationships between the wheat yields and the simpler nitrogen
compounds of tbe soils, but some general effects emerged.

Fallows caused a high accurnulation oI nitrate during the
summer and a marked reduction in the amount of readily oxidisabre
organic matter. In the wheat crop of lg32-3 it was possible to
establish sigrificant correlations between the mean of values of the
soil analyses duing the period spring 1932 to spring 1933, and the
wheat yields, the yields increasing with the total amount of nitrate
and amrnonia in the incubated soils and decreasing with the amount
of readily oxidisable organic rratter (carbon dioxide production).
Throughout the winter and spring of 1932-3 soil under wheat had
consistently low nitrate contents after each of the treatments and the
wheat therefore obtained its nitrogen either from nitrate stored in
the subsoil or from crop residues,

In the autumn of 1935 it was possible to follow the temporary
accumulation of nitrate in the subsoil dofir to 27 inches, but in
this very wet winter the nitrate throughout the soil to this depth
fell to loly values. The wheat crop oI 1936 ras unusually weedy and
some of the treatments gave straws which were very rich in nitrogen.
Although the wheat yields were not well related to the soil analyses,
the total nitrogen contents of the crops as harvested were correlated
with the average nitrate contents ol the soils to 27 inches dr:ring
December to March and also positively $'ith the amount of mineral-
isable nitrogen atrd negatively with the oxidisable carbon in tbe
surface soil during the early wirter,
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Under the wheat clop oi 1937-8 the soil nitrates durhg the
winter were increased by fallowing, clover, and vetches and decreased
by rye grass and mustard in each of three I inch depths, but in
spring of 1938 they had reached similar values for all treatments
at a considerably higher level than in that of 1936.

BARLEY

The production of barley in Great Britain was about 867,000
tons per annum for the period 1927-36; in addition, some
745,000 tons of barley were arurually imported.l We thus produced
about & per cent ol our total requirements. About 900,000 tons
are used for malthg, oI this quartity about 650,000 tons are used
for brewing, about 150,000 tons for distilling, and 100,000 tons for
other purposes, and the rest oI the barley for seed or for feeding to
animals. As the malting barley normally sells at much higher
prices fa"rmers are naturally anxious to secure as good samples as
possible.

Field experiments on barley have been going on at Rothamsted
since 1852 on Hooslield a.rrd at Woburu on Stackyard field since
1876: in both cases barley is grown continuously year after year
under the same lertiliser treatment.8 In 1922 the scope ol these
experiments was greatly widened by associating the work with the
Institute of Brewing, whereby it became possible to ensure proper
study of the maltilg properties of the samples. From time to time
Reports on various aspects of the work have been issued and a
compreheasive account has now been published by the Director
and Dr- Watson-

As is well known, superphosphate produces striking elfects on
Hooslield at Rothamsted iacreasiag yield and hastening maturation,
but it is not so effective in the ordinary farm rotations where it
has a.lready been applied to a previous root crop. If superphosphate
is withheld for a few years, however, the yield begins to go down,
There is no clear connection between soil type a.rtd phosphate
ef{ectiveness, and phosphate did not overcome the bad effects of
late sowing on the heary soil of Hoosfield. Superphosphate proved
more beneficial after a dry wiuter than alter a wet one, but on the
other hard it was more beneficial in a wet April than h a dry one.
Its effect was enhanced by adding nitrogenous fertiliser and zicc
tefsa.

Potassic lertilisers had less elfect than phosphates and there was
no esidence that their actioD was improved by nj.trogenous fertilisers.
The mixture of potassium, sodiu:n and magnesium salts tended to
reduce the damage done by a wet wiater (being thus unlike the
phosphate) ; it also acted better in a dry surnmer than i-rr a v/et
oue. It is unforturately not possible from the Hooslield experiments
to say which of the three elements is the potent one, but other
evidence indicates that it is almost certainly the potassium. The
withholding of potassic fertiliser has less eflect on barley than on
wheat, alld as both crops contair approximately the same amourts

r The importatioo bas been much higher ia the yeals 1936-38, indeed ia
1938 it was 993,000 totrs oI which about 375,000 totrs rPele used Ior maltiag.

r Cbaages wore iotroduced at Woburo in 1028.
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of Dotash, in spite oftbe shorter growing season of the barley, it seems

cle'ar tbat ba--rley has a greater Power than wheat of extractrng
ootash from the soil. Perhaps the most remarkable result ot Hoos-
ii"ld, ho*.'r"., is given b1 a plot which received farmyard manure
€very vear from 1852 to l87l and then no manure o[ any klnd; lt
itiiiiii.r "".tlv 

aouble the crop yielded by the adlacent plot which
has 6een without ferl iliser since 1852 but there is no certarnt\'
that the soils were initially alike.

Farmvard manure is less effective after a we.l winter than after

" dw o"L, but there is no evidence that it is specially beneficial
in years of dry spring or drY summer.

Fallowing has a remarkable e{{ect on the yield, far gr-eater than
is obtained biy the u"e of {ertilizer. Experiments in other lields show

iU"i *d"rro:*it g with clover apparently stightly raises the yield,
but not significantly.

There is a general relationship between the malting quality.ol
barlev and its;itrogen content. 

-High nitrogen content is usuallv
assoclat ed with low-quality and vice versa, though the rule is not
absolute, because the condition of maturation is also important'
Of the cLemical properties, however, nitrogen content is the most
important.

The nitrogen content of the grain is lower on the healy soil at
Rothamsted tihan on the light soil at Wobum under similar treatment
and the variation between-different Iertilizer treatments is less ; the
variation tlue to season is also less. These relations seem to hold
senerallv. The nitrogen content for dif{erent years of the Hoosfield
Barlev ii related to tf,e vield : hish vields which are not due to high
,ritro["norr content oi soil or -minure are associated with low
nitro[en contents and vice versa. The nitrogen is-not much if at a]l
affecied by fertilizers used in the ordinary way. Where phosphatic
or ootassii fertilizers increase the yield they may lower the nitrogen
coritent of the grain but not othenvise: nitrogenous fertilizers-may
eitber lower th-"e nitrogen content or they may be without effect'
Onlv iI thev are used in larger quanlities, or iI ihey are unnecessary,
do ihev raise the nitrogea ionti:nt. Nitrogen content is also related
to the sowins date, earlier sowings giving in general lower nitrogen
contenls thai late ones. There is ilso a marked seasonal effect which
is not yet fully understood, but seasonal conditions that increase

vield. tend to sive tow nitrogen content. Further, additional rainfall
in Mav. Iune"and Julv lowers the nitrogen content. These relations
are sJbsiantialtv ihe iame at Rothamsted and at Woburn, except

that at Wobum the rainfalt e{{ect is somewhat more pronounced'
The Rothamsted plot receivint farmyard manure. however,-stands
out as exceptionai in that it shows a higher percentage ol mtrogen
tban the oihers, no eltect oI rainfall, and no .onnection between

Dercenlage of nitrogen and either yield or sowing date. Thtts the
effects oioduced bvtherainlatl,the dale of sowing, and the general

vield rilations account for some 40 per cent. of the lariability in
iitrogen content of the grain on the Plots receiving artiliclal
fertillers or even no manure, but for only 16 per cent. on those

receiviag farmyard manure annually.
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The weight oI 1,000 coms varies from seaso[ to season, but it
has not been possible to ideutify the weather factors responsible
[or_ the change. At Woburn rainfall above the average in January,
February and March tends to depress the 1,00O com weight, b.irt
no relation can be traced with rainfall in other months nor with
temperature after April, uor is there arly consistent relation between
1,000 corn weight and nitrogen contert.

The bushel weight also varies with the season, but there is no
tendency forit to fall even when the yields of the plots are falling.
For Hoosfield it has averaged 53 tb. and as the spicific gravity of
the grain is 1.3 the volume of solid barley in the bushel is 5l per
cent. and the vohrme of air space is 49 per cent.

CoNrBnrxcr or MaLTrNc B.sRrry

The filth Conlerence on the growing of malting barley was held
on November 29th, 1938. Sa"mples were sent in by growers from
all the important barley growing districts, accompanied by full
agricultual details.

The procedure differed somewhat ftom that of previous years
in that growers were requested to send il at least two samples,
one of their better, and the others of their poorer quality barley,
though still of malting standard. The samples thus represented
better than in previous years the whole crop of the growei.

The samples were graded by arl er:pert conrnittee of valuers,
and displayed at the Conference to provide the basis of a discussion
of the technical problems of barley growing. Six classes were
distinguishcd graded II to VII, there being none up to grade I
standard. Grades II and III were pale ale barleys, grades IV to VI
mild ale barleys and grade VII Ieeding quality. The price range
between the Brades varied Irom two to four shillings per quarter.
Among the ) sanples sent in there were some 65 pairs of samples
and of these only 5 of the samples classed by the growers as inferior
were given better grading by the valuers. The average difference
between the better arrd the inferior samples was nearly three-
quarters of a grade.

This year the lowest malting glade (Grade VI) was assigned
about 60 per cent. of the value of the highest (Grade I). In 1937
the relative value had been 75 per cent. and in 1936 and 1935
50 per cent.

Yields were high, but values were low, and the cash retums per
acre were about 30 per cent. lower than last year when the crop was
a much smaller otre.

Sowing conditiorx were good and nearly all growers reported
sowing in February or the first two weeks of March, i.e- about a
month earlier thaq last year- Good growing conditions followed
and the harvest weather was good, all conditions being favourable
Ior a heavy crop,

The 201 samples reaching malting standard were dMded as
follows :-
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TABLE X

Grade

So far as the sa.mples sent in were representatiye of their districts
there is a marked effect of locality inlhe grading results. As last
year the Kent barleys were well above the average in quality and
those from Essex and Suffolk were better thar the average. those
from Norfolk, E. Midlands, West and South, were sligrritly worse
than the average, while as last year the barleys from-Yoiks and
Lincs were well below the averagi.

, The distribution of the grades showed many more samples in
the lower grades than in 1936 or 1937.

The estimates of yield for the various districts were :-

District

B! Dishicts

TABLE XI

Norfolk
Sulfolk
Essex
Ke11t
Yorkshire, Lincs, etc.
E, Midlands
Souti
West

B9 Grades {All Dist?idsl
Sfring I Adt nn
sorm I soum

47
.13

47
55
40
4t
39
44

1I, [I
IVv ..
VI
Meaa 1938
Mean lg37

4a147
41
11
43
34

46
53
49
50
33

1938 tr{eatr
1938 Min. of Agiic.
193? Meao
IS37 Mio. of Agric.

44
36
34
28

- . 
-The mean yields ol the samples were, as last year, considerably

higher than the Ministry of Agriculture esrimates. As before, thi!
was not due to optimistic estimates by the growers since there were
64 samples giving actual (threshed) yields as well as estimated
yields and the average difference was over 2 bushels in favour o,
the actual yield.

II III YI Total MeaIr
Grade

Norfok
SuIfolk
Essex
Kent
Yorks, Litrcs

Notts . .
E. MidlaDds
South

and

I

8

I
I
4

I
t
I

3
4

3

2
I
I

t5

3

2
6

l3

14
13

3l
1l
l9
l2

30
I

2t

20
34
2l

5.27
6.00
4.89
3.48

5.94

5.41
5.43

Total I tl l6 58 106 201 5.l9

Percetrtage
1937 Percentage
1936 Percentage

5.6
4.5

15.6
2.9

6.0

7.6

8.0
30.7

28.9
19.9
46.6

52.7

20.6

Aoe/age flielil, b*shels pel dcre

I

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-1-86 pp 17

35

Once again Kent, which produced the best samDles. also save
the highest mean yield; the remairirg districts weie ciose to-the
average yield.

, The.mean yield-of the autumn sown barleys was above that of
ihe,spring sown, rhough ihey showed no mirked superiority in
quahty.

TABLE XII
Sfuing Sowt

Grude Number Perceatage
.. t7
-- t2
.. 5l
.. 96

Attunan Soun
Number PerceDtage

4 16.0
4 16,01 2a.or0 40.0

II, IIIrv ..

]rI..

9.7
6.8

29.0
54.6

100.0 100.0

The distribution of the grades was very similar lor sprirg and
autumn sown barleys with rhe possibte exieption that t h'e auiumn
sown samples had a slightly bigger percentage in srades II. lll and
IV and.sj'mewhat less in gradi Vl-the mein difierence being less
than hall a grade.

The sequence of cropping had but little eIIect exceDt that after
seeds the quality of the barley was somewhat inferior and also I he
yield was lower.

TABLE XIII
Elect oI ptevio* dol ot yiclil aat| gadiq

Aoerage licw in b{shcls ?c/ acac

No barleys sowrr after the middle of March fell into erades II
or III. There seemed to be little difference bet\a,een the q"ualiry of
barleys sown in February and those so$,n in the firsr two'rveekl of
March, with the exception that a few more of the earlier sown barleys
fell into $ades II and III.

Sowirg trad been much earlier in lgBS than in 1917. but in soite
of that the grading was generally not as good.

Gmde

Com Matrgolds Tumips Seeds

No. Average
yield

No.
yield

No. Average
yield

No. Average
yield

U, III ..
IV

\II

11
7

22
48

5t
56

4
7

lg

40
47
47
42

I
I
I
I

50
50
{8
.10

5
l3

4l
38

Tot^l 9l 45 15 t2 l8 39
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TABLE XIV
Time of SPring Souin?

II, III . .
IV

VI

^larch 
f,larch Atter

February lst-l4th l5th-28th Mrrch 28tb

6-
3r72

40.9
Total 1938
Per cent. 1938

47l
40.3

Grade Natrure only Artificials

I
8

12

l2
5

20
48

2
4

l0
22

6
5

l9
24

Total
Per cent. 1938 ..
Per cent. 1937 -.

I1.5
8.0

85
42.5
52.0

38
r9.0
23.0

54
27.O
17.0

The newer concentrated compound fertilizers had been used for
about one third of the 139 samples grown with artilicial {ertilizers.

For the remaining samples some nitrogen was a.lmost always
included in the &essing even when the barley followed sheep or
ploughed-in tops : the average dressing was 20 lb. nitrogen per acre,
slightly less than the equivalent oI I cwt. sulphate of ammonia per
acre.

In 1938 out ol some 240 samples, only 27 cases of lodging were
reported, nearly all of them very slight. This was practically the
same as last year and only about half of that reported in 1936.

SUGAR BEET
This season 1938 was one of the most unfortunate for beet

growers since 1927. Although the year started well with a dry
spring and excellent conditions Ior working the land, the dry
weather lasted too long, with the result tha.t germination was
irregular and much beet was sown too late. In the Eastem Coutties
severe sunmer drought followed with bad attacks of aphis, and really
good growirg conditions did not set in till late August, when the
plant failed to make much use of them-

The e{Iects of manures in this dry and unfavoulable setLson are
compared below with their average performarce over the previous
four years. The main fertilizer effects averaged over all soils are
given in Table XVI.

29
16.5
18.0Per ceDt. 1037 .. I

l

The manuring of the samples was generally similar to that re-
ported in previous years.

TABLE XV
Mdfitrirrg

Artilicials Organic Orgaoic aad

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-1-86 pp 19

37

TABLE XVI
Mean I

yield per acre of Increase Ior

The yield of roots on the experimental plots in 1938 was nearly
tbree tons below the average oI the past four years; expressed in
terms of sugar the difference was I2.5 cwt- Sulphate of ammonia
gave much less than its average effect, aad on the average the double
dose was no more e{fective than the single application. 2 cwt. of
sulphate of ammonia gave 1.3 cwt. sugar less than usual, and 4 cwt.
gave 2.7 cwt. less. Superphosphate also was somewhat less effective
than usual, but potash was distinctly more effective, the increase oJ
1.4 cwt. sugar for the single dose of potash and 2.9 cwt. for the
double dose was as good as in 1937, which however was a good year
for sugar beet. Unlike the other nutrients potash showed no Ialling
off in effectiveness at the higher dressing.

As in previous years nitrogenous and potassic fertilizers each
did considerably better in combination with the other than when
used alone.

Stgar a4. lcl er.
Incaeasc fiorluced by 1 ct . of salphde of afirronta

No potash 2l cw.t. muriate
Presetrt oI Potash Present

193+37 ..
1038 +o.9 +2.O

+3.8

+3.6 +3.3
+5.5 +3.1
+3.0 +2.2
+2.9 +2.8

+0.6 -0.1+ l.o +1.1
+o.9 +r.2
+0.3 +2.0

+r.8 +2-0+r.7 +2.0
+2.6 +O.4
+3.8 +r.8

+5.7

The increases are smaller than in previous vears, but tbe effects
are in the usual direction. In Table XVII the yield efiects are
summarised by soil groups.

TABLE XVII
Incltdi, in S*gar, cot. ?.r acr.

Coarse Fitre Light Heavy Cley Feag
Sands Sands Loams Loams I-oams

Sulphate of Amoooia
!934-37 2 cwt. .. ..

4cwt...
r03E 2cwt,..

4 c*'t. . .
Superphospbate

1934-37 3 cwt. .. ..
6 c\xt. . .

lS38 3 cwt- --
6cwt...

Muriata of potash
t934-3? ll cwt.

4 csr.
1038 ll cwt.

2l cFt.

+2.6 +2.9 +3.0 -0.2+4.0 +5.0 +6.8 -0.7+1.0 +r.5 +2.2 -l.l+r.5 +2.6 +0.6 -2.2
+l-4 +0.6 +1.2 +1.4+2.t +r.1 +2.0 +0.6
+0.4 +4.8 -O.4 + l.l
+0.8 +6.2 +0.5 +0.9

+0.8 +r.6 +0.2 +1.2
+r.4 +0.4 +o.2 +2.2
+0.6 +0-8 +r.8 +1.6
+2-o +0.9 +4.3 +3.6

Nitrogen was less e{fective than usual in all soil goups, indeed
in the fens its eflect was if anything depressing. SuperPhosPhate
did better than usual on the fine sands and heary loam, but the

expeli-
meDts

Super-
phospbate
36
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latter value was based on only one centre in 1938. The marked
e{fect of muriate of potash appeared in this season in three soil
groups, coarse sands, fens, and clay loams, although the good results
in the last group were largelv due to one particularly responsive centre
on a gravelly clay. The weights of tops are given in Table XVIIL

TABLE XVIII
Tops, rons Ocr @.

No. oI Mean IEcrease for sulphate oI
experimeDts Yield ammonia

Y6ar

r 034-37
r 938

_ Altho'gh the yietd oI roots was low in lg38 the average pro-
duction oI tops was normal. Nitrogen had the biggest efiecf on
tops, the yields and increases being close to the four year average :
the increase produced by the double dressing was as usual almost
twice that produced by the single dressing.

The sugar cont€nt of the roots was little affected by phosphate,
somewhat- lowered by_ nitrogen -and slightly increased 6y potash,
as in previous years (Table XIX).

2 c$t.
9.2
9.628

TABLE XIX

+r.4 +3.0+1.6 +2.r

Muriate ol potasb
rl crt. i 2l cwt.

+0.15
+0.2

l113.i-3?
1938 -0.38

-0.4
+0.22-0.16

-0.t
The sugar percentage in lg38 was exceptionallv low. no less

t han I.2 per cent. below the average of the past fourvears.
The poor seed bed conditions were refleited in a ilant number

somewhat lower than usual, on the clav loams the p6pulation was
onlv 18.8 thousands. Fertilizers had 6ut little eff6cd except that
1'otash significantly increased plant number at four of the'thirtv-
Ino centres.

TABLE XXph*s, ?ho tands p.t aca.

Year Mean of Potash
2[ cwt.

Strlphate of AEEouia
2 cwt. I 4qrt.

iuperphosphate I Muriate
Sqrt.JOcrlrt.iflcwt.

r934-37 . .
r 938

27.a
26.1

+0.28 I +0.25o.o | -0.2
+0.28
+0.2

+0.25 +0.22
+0.1 r +0.2

ORGANIC MANURES
The importance of maintaining the supplv ol orsanic matter

in the soil is well recognised, but nothing is gaiired by the"exasserated
claims sometimes put forward on the subjeit.

The standard organic manure, and the one which would sufrce
for all needs if it were available in sufficient quantitv. is farmvard
manure. Unfortunately the shrinking acreage of striw crops,"and

S{gar in roolt, O.r crnt.

Sulphate o, ammotia
2 cwt. | 4 cwt.
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the reduclion in number of vard-fed cattle have reduced the amounts
of farmyard manure available and substitutes have to be found.

A very tempting source oI organic manure is furnished by some
of the wa-ste materials of the torMns, which at Dresent are not fullv
ulilised or even are only a source of embarrassment. Chief of lhesl
is town reluse which is available in enormous quantities and which
along with much useless material contains substances of undoubted
fertilizer value. In its crude form it is not readilv taken br. farmers
and large amounts hare annually to be dumped either in the sea
or in the country where a complaisant land-owner or council will
give the necessary permission.

Towt ReJ*se,--:fhe older Rothamsted experiments on town
refuse indicated that the sorted and pulveriied materials from
Hampstead and from Walworth had fertilizing value, and they were
at least as effective as dung in the one experiment in whiah the
comparison was made.

1923
Mdngows, bns ?c/ d.rc

1921
Oals, bushels ?e7 acTc

No manuie
16 toqs duEg .. ..
16 tons Hampstead refuse
l5 tons Walworth reluse

. . 0.6 No refuse . .

.. 13.2 5 tons

.. 14.0 l0 tons

.. 13.9

, . 3l.r
.. 35.4
.. 36.8

No great certainty attached to these results, since standard
errors could not be calculated ; all the same the lg38 results suggest
that they were probably not {ar wrong.

In 1938 a prepared to&'n refuse was compared with (l) sulphate
oI ammonia ard (2) dung or rape dust, each given in single and
double dressing, the nitrogen content being taken as the basis for
comparison. The sulphate of ammonia dressing pror'-ided onl], one
half of the nitrogen of the corresponding organic manure. At
Rothamsted and Woburn dung was the organic manure chosen ;
at the outside centres it was rape dust. The town refuse varied
somewhat in composition and was applied on the basis of its
analvsis; its mean composition as used was N:0.82 per cent;
moisture:3o.3 per cent.

The rates ol application were :-
Single dressing of Towrr Refuse (about 5 tons per acre), Rape

Cake, Dung 0.8 cwt. N. per acre.
Single dressing of Sulphate of Ammonia 0.4 cwt. N. per acre.

The double dressings were at twice the above rates. Town refuse
significantly increased the yield of kale at Rothamsted, sugar
per acre at Woburn, and of potatoes at Tunstall. It increased
the number of " bolters " in the sugar l: ,-l ar Woburn, and the
percentage of diseased potatoes at Turlstali. It gave higher yields
than farmyard manure providing equal nitrogen in three out of
Iour comparisons at Rothamsted and at Woburn, and in one of
these comparisons, the double dose of refirse against the double
dose of dung at Woburn, the dilference was statistically significant.
Table XXI gives the yields and Table XXII shows whether the
refuse did better or worse than subhate of ammonia providing one
quarter, one half, or the whole of the nitrogen.
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TABLE XXI
Cont|arison ol lrcated toum relLse airh othd ,ritlogenoLs ,ta*Lres

Sulph. Dune Sulph. s.E-

0.8 0,8 0.8 1.6 I 1.6 1_6

10J9

34.5
r.a5

35.0
3.95

,130

21.6

10.01
90.8

11.39
88.6

7.8

+1.27

+6.3
+!.30

-1.2+0.02

+0.95

+0.6

+0.89
-0.3

+9.08
+1.3

-0_3

+1.49

+4.8
+1.02

-1.6
+2.62

+0.78

+0-7

0.41
0.6

+1.0!
+0.4

+0.3

+0.97

+5.8
+1.36

-0.4
-0-5I

+4.92

+r.5

+1.98
+1.5

+r,66
+2.5

+1.7

+2.811+r.801+1.3e

+7-2 l+7 5 l+a-1
+4.?61+3.201+1.23

-1.8 l-r.{ t-r.2
+2.421+3.26lf r.52

*r.rl*r.,rJ
-0., l*0., I

*r.r,l*r.r I

+0.? 

l+r.r I

+3.r81+r.081
+3.' 

l+r.r I+{.7 +r,8 I

+5.2i

+r,9

+1.02
-2,1

+0.398

+0.8r6

+1.65

+0.4tt

+1.201

TABLE XXII
Corn?alison of ,fcaled to bt ftfise uith stlt?hde oJ amrionia

Toum ,.Jus. sqslior (+l ot inf.rior (-)

When sulphate o, aErmode provides
itrogen :

Nitrogen in
refuse

I the N. oI
re{use

0.8 cwt. pet Nale
Beet
Potatoes (t)
Potatoes (2)
Maogolds

Kale
Beet
Potato€s (l)
Potatoes (2)
Mangolds

+
+
+

* Dif{eretce betq.een rcfuse a-ad sulphate of ammooia statistically
signilicaat.

Treated town refuse did almost as well as sulphate of ammonia
providing half as much nitrogen, and was distinctly superior to
sulphate of ammonia providing one quarter of the nitioge;, ibough
it was much inferior to sulphate o[ ammonia supplying the sarie
amouat of nitrogen.

These estirnates are derived onlv from the vields in the vear of
application, and it is possible that the retuse mi6ht build up rlsidual

(l) Siddlesbam. (2) TuostaU.

;
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effects if used in healy dressings. Further experiments should be
instituted to test residual and cumulative effects. The similarity
in effectiveness to duug emphasises the desirability of adequately
investigating the possibility of utilising town refuse in agriculture.

There is also some hope that another waste product, now a
source oI embarrassment to the to$'ns, may become of value to
tarmers. Much oI the sewage sludge at present made is of so little
value that farmers wisely do not buy it. There is, however, at
least one type of sludge that would have considerable fertilizer
value if it could be clried and powdered for distribution. Hitherto
no suitable method has been available, and instead the slufue has
been destroyed by digestion. We understand that there is now the
porsibilitv that this dificult drying problem may be solved.- 

The experiments with dried poultry manure were also continued ;

in these the nitrogen had about tvo-thirds the value of that of
nitrogen in sulphate o{ ammonia,

The fertiliier value of all these organic wastc substances is
determined by the nature of their carbon and nitrogen compounds
and by the r'atio ol the carbon to the nitrogen. The work of the
Fermentation Dcpartment consists in finding out exactly what Part
these various factbrs Play so that the probable fertilizer value of any
particular waste miterial may be forecasted Irom analysis and,
-more 

important, improvements in fertilizer value may be suggested.

USE OF STRAW AS MANITRE

On July l5th, 1938, an informal conference of farmers and
tecbnical exoerts was held at Rothamsted on the use of Straw as
a Soil Impr6ver. Most speakers had observed that the ploughins
in oI raw-straw bad a dEpressing effect on the crop immediately
following. The most Iavourable result was that the straw used in
this manner did no harm. The bad effect was probably mitigated
if the straw was ploughed in when the land was still warm, i'e.
immediatelv after 

-harvest, 
so that some decomposition could take

place before wirter. If a bare fallow followed straw ploughed in,
most of the straw disappeared during the course of the fallowing
operations.- In practice some form of nitrogen was rlsually added to straw.
This wis done either by direct additions oI calcium cyanamide or
sulphate of ammonia to the straw tefore turnin8 under,. or alter-
na t-iwlv by giving a nitrogenous dressing to the following cereal
crop. i1e-rJte oi application was aPproximatel)' I cwt. ol nitro-
senous manure Der ton of straw." No orr" advo'cated the buming of straw on the llnd; Ploughing
under with the addition of cyanamide was said to have given
noticeablv better results.

It is lossible to assist the decomposition of straw by gro*ing
red clov6r r:nder the corn croP and lurning it in with the cereal
stra\F.

Composting the straw in heaps with the addition of cyanarnide
or dung had been tried, but succeeded only when a water suPPly
was aleilable,

Another use of straw was for the improvement of glass house
soils that had lost their texture through surface watering, but were

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-1-86 pp 24

42

richly supplied with dung and artilicials. Walls of straw let verti-
cally into the soil improved aeration, drainage, and root action.

One complication of special importanci to mechanical cereal
growers is the incidence of Take-all'Disease (Ofhiobol*s grami s).
The fungus survives in the stubble. and conirol methjds centie
round the hastening of decomposition of the funsus after the
stubble has been ploughed under. Carbohvdrate addit"ions facilitate
the decomposition of the funzus, but ;dditions of nitrosenous
fertilizers tend to protect it. Furthermore although straw pr6vides
carbohydrate it also tends to aerate the soil, ani aeratio'n, while
facilitating the decomposition of the fungus in the autumn and
winter, as-sists in spreading it when the following crop has been soun.
When Take-all- is prevalent the stubble should be ploughed at the
earliest possible opportunity together with addiiionit straw if
available. No nitrogen should be given and ploushins should be
shallow to facilitate aeration which at this stige is be"neficial. In
the following spring the seed bed should be heafr'ly roued to restrict
aeration and nitrogen may then be applied to the-crop that lollows.

GREEN MANURE

. Another possible source of organic manure is to grow and plough
m a gTeen crop.

The eflects of mustard, tares and lupins as sreen manures
preceding_kale were studied in a number ol ixperimeits at Wobum.
In. 1934, lupins weJe groln on alJ plots, the ireatments compared
belng: removing the whole plant ; removine the toDJ and bu-rvins
the-roots; buryllg the whole plant ; and birying t'he whole piani
and extra tops. The lupins were followed by iwo years of kale.

Yield with
whole
plaaLs

reooved

Itrclease iq vield with
Roots wtola whole
buried plaots and eitra

buried tops bu ed

-0.38 +3.16 +4.93
-0.07 +1.08 +2.16

s.E.
of

ioclease

1936 . .
Nitrogea buried

in 1${ 0b.
per acre) ..

3.54
rr.0l

+0.287
+0.489

The burial of the roots produced no beneficial elfect on the
vields of kale. There were substantial responses in lg34 where the
whole plants-w-ere buried, the response per'I0 lb. of nitiog"n Ur.i"a
being about 0.3 tons with the single dre:sinq of roos and"somewhat
less._with the double dressing. Ttre residuil effeits in lgBE were
smrlar, except that the double dressing was as effective per unit of
nitrogen as the single dressing.

The experiment was exlended in 1935, the green manures being
mustard, tares and Iupins; there were also some olots which lai
fallow preceding kale.- As rhe 1935 kale croD 'was eaten b'v
pigeons the green manr.ues were grown again in lg16; the yieli
of tale then was :-

Wobwn : KaL (tor$ pet d.rrl
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OI

Yield
eltetCrop

Increase io yield after greelr maDureWbole Roots Wbale Wbole ptantptaEt buried plant aEd extrareEoved buried tops buried
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TABLE XXIII
Wob*tt : Rale (tons ler arrc), 1936

+0.60 +1.r3

Wobunt : KdL (tovs pu acre),lg}8
Increase io yield alter gleetr rnanure

Whole plaDt Roots Whole plant Whole ptraot
rerooved buried buried aod extra

tops buried

-1.86 -2.12 -1.54 -0.48

Mustaid
Lupitrs
Tares

+0.538

Mustard
Lupins
Tares

23766
641 77
6 53 106

With whole plarts or tops removed, the growing oI a green
manure crop of mustard reduced the yield of kale significantly by
over a ton per acre, while lupins and tares had litfle effect. Burial
of the tops increased the yield< significantly with lupins and lares.
Thc increases to the double drcsiings pei l0 Ib. ni trogen buried
were 0.39 tons for mustard,0.53 tons for lupins and O.5Z tons
for tares, the last two beirg significanrly grei.ter lhan the lirst.
Even with the addition ofextra lops, howevei, mustard proved little
if at aU-belter than fallow. though lupins and tares weie markedlv
better than fallow

The experiment was continued on the same site il lg37, but the
kale was badly eaten by birds. Notwithstanding this, the buried
tops of lupins gave substantial increases over fallow. In 1g38, on a
different site, the tares crop failed. The results Ior lupins and
mustard were similar to thosi described abot.e.

Crop

Mustard

Lupias

Yield
alter

fallow

rPlots severely allected by a strowstorE.

A comparison oI the manurial values of buried tares and mustard
is made each year in the Wobum green manuring experiment on
Stackyard, started in 1936. The lg37 and lg38 yields of kale were
exceedingly poor and showed no significant efiects of the green
manures. The 1936 results were:-

Wobarr. lsrarhydfdl Kdle : tons per acr.,lgi$
Gtee* Mantre

NonelMustardlTares

-,-i-

12.62 | t2.62 I 13.90

-1.r2 -I.68 -0.?0 +o.79+0.r3 -0.18 +2.40 +3.6r+0.53 +0.54 +3.66 +6.20

Nitrogen buried 0b. per acre)
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Mustard was again ineffective, but tares gave a significanl
increase of 1.4 tons per acre. The kale crop was Iollowed by barlev.
which gave a significant residual response to tares of 2.2 cwt. per
acre.

THE SOIL
One o{ the oldest problems in agricultural chemistry is to

attempt a forecast of the effects of Iertilizers on crops, this being
done on the basis of chemical analysis. It was at one time thought
that the protrlem was quite simple, and that a chemical analysis
of the soil would readily shorr its response to {ertilizers. Actual trial
has proved that this view is wrong; no method of analysis yet
tested accurately forecasts the effects of fertilizers: the soil is too
complex to allow the problem to be solved in an easy way. For-
tunately the liming problem is less dificult. Various methods
are in use for estimating chemically how mucb lime is needed, and
one of the most popular was devised at Rothamsted, but results
are by no means clear cut and much further investigation is necded
belore they can be regarded as satisfactory,

The whole subject is wrder investigation in the Chemical
Department.

The field experiments furnish numerous samples of soils which
vary in their responses to potassic and phosphatic fertilizers, and
these soils are exarnined chemically to find out how their composition
is related to the fertilizer results.

Certain rapid methods for approximate analysis of soil have been
examined and their possibilities noted, and a rapid pot culture
method of soil analysis is also being studied in the hope of evolving
something that will combhe the advartages oI the Neubauer and
the Mitscherlich methods witb certain other advantages. Now
that the new chemical wing is built it is hoped to sct up a slxctro-
graph which rvould, of course, greatly facilitate the whole of this
work and make possible rapid suweys that might prove oI the
utmost yalue.

Phosphorus compouttds in soil.--:lhe phosphorus compounds of
the soil have also been studied in the Chemical Department. This
subject is of particular imponance at the present time because our
field experimeni s indicate that. of the phosphate added as lertilizer.
only about 25 per cent. is recovered in the crop in ordinary circum-
stances: the rest remains in the soil, but it is, so far as rve can dis-
cover, in a lorm in which plants cannot easily take it up. On our
present evidence the soil is a poor store house Ior fertilizers.

In the Rothamsted soils much of the phosphorus is present as
iron phosphate even in neutral soils and those heavily duaged-
Fenland soils are remarkable in their phosphate relationships and
these are being stu<lied in detail. A large part of their phosphate
seems to be there in combilation with iron and alumirium. The
orgaaic phosphorus compounds in soil appear to be relatively inert.

Mangarese d,ef,iciercies in soils.-Ttree main types of soil
are Iiable to manganese deficiency as shown by characteristic crop
troubles.
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(l) Neutral or alkaline soils, notably recently limed reclairned
heath soils, which do not contain manganese minerals. These are
liable to " Grey Speck " of oats.

(2) Alkaline fen soils: these are liable to " Speckled Yellows "
of sugar beet.

(3) Heavily alkaline marsh soils, even if they contain manganese
minerals: these are liable to " Marsh Spot " in seed peas.

-{ll thee diseases have been remedied by suitable applications
oI manganese sulphate. It should be noted that they can all be
brought on by overJiming, and it is not dificult for a farmer to
injure his crops b\' putting on more lime than the crop really needs.

Cobalt def,iciewies iz soils.-Both in Australia and in New
Zealand animals grazing on certain pastures have suffered from a
disease traced to cobalt deficiency. In the Chemical Department it
has been shom that pastures in the Dartmoor area are also deficient
in cobalt; the sheep there suffer from a disease similar to that in
New Zealand. The remedy is to give a cobalt lick, but it is clearlv
desirable to make a suwey of other hill or moorland grazings.

Soil tr[burals.-Farmers recognise many different ty'pes of soil,
and soil suweyors make maps showing their distribution in par-
ticular areas. Birt in order to understand them properly it is
necessary to Iind out exactly how they differ, and investigations
both of the orgaric and of the inorganic constituents have long been
in hand. X-ray analvsis is now used in the Chemical Department
for the identification oI thc minerals in the various soil fractions
and examinations made this year have included soils from India
(in collaboration with Dr. A. Muir and A. D. Desai of the Macaulay
Institute), from the United States Bureau of Chemistry, from Malaya
and from the Malvern Hills. Special attention has been devoted
to the clay fraction as being one of the most characteristic and at
the same time most difrcult to investigate. It is being studied in
the Chemical Department by X-ray methods, and in the Physics
Department by other physico-chemical and physical methods. Each
set of methods reveals something about its constitution. The clay
fraction is not homogeneous, but its special properties are largely
due to certain components now under investigation. They are very
complex, and their smallest particles are shown by X-ray analysis
to consist of a lattice structure in which layers o{ silicon and orygen
atoms alternate sandwich-like with layers of aluminium and oxygen
atoms arranged systematically. The particles are electrically charged
and hence have associated with them various ions, of which the most
important from the point of view of soil fertility are calcium, and in
our conditions, hydrogen and potassium, but in arid conditions
sodium and magnesium. These cations are replaceable by others:
the " souring " of soil is caused by the replacement of calcium by
hydrogen; conversely the " sweetening " of the soil by timing is
due to the replacement of hydrogen by calcium. The electric
charges appear to originate in three ways. Some are due to isomor-
phous replacements within the crystal lattice and are Permanent
in the sense that they are not influenced by the hydrogen ion con-
centration oI the medium in which the clay is suspended, althouth
this determines whether they are balanced by H+ ions or metallic
cations. The other two kinds of electrical charges are associated
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wilh the surface of the clay particles when susp€nded in a solution
of an electrolvte. One is associated wilh acidic ,,spots " where
negative charges develop ar high pH values of the merl'irr" tUr"rsh
dissociation of the H l- ions which probably come from hvdroiyl
groups attached to silicon atoms at the corners and edgd ol tf,e
grystals. The other oI these two kinds of charges is associated with
basic " spots " which become positively cbargid at low pH values
of the medium through combination with H+ ions : the chemistrv
of this process is not kno\Mn, but it may involve an interaction with
an aluminium-oxygen group. These basic " spots " occur on many
of the common subsoilclays and indeed in some instances, a striking
example of which rvas a red clay from Natal, they are so numeroui
that rhey €xceed the permanent netative charg-es. In such cases
b1' regulating the degree of acidity the number -of positive charses
can be made equal ro the number-of negative charies and the ciiv
then carries no nett charge: it becomes incapable of retainins
exchangeable ions, e.g. it cannot, like a fertite ilav, hold calcium]
magnesium and potassium and supply them to the growing plants.

-The recognition of clays that ian thus becomd unchir'ged at
only a_moderate degree or acidity (pH b) is obviously of consid"erable
agricrrltural importance. The defect can to some exient t e remedied
b-y the-addition oI trumic material which at this pH is negatively
charged, and in such soils it is essential to maintain the suf-ptes oi
organic matter,

-These basic spots do not occur on all clays: montmorillonite
and kaolinite seem to be free from them.

Soil surveyors use the colour of the soil as one of its properties
{or classification, but the estimation of soil colours is vtiy'vague,
Dr. Schofield has devised an instrument for exactlv mea.uire
colour, and this has been taken over by Tintometer Ltd.'for exploita"-
tion on a commercial scale. The instrument should prove oi great
value to a wide range oI workers.

.Wakr suplly _to fla*ls.-The water supply to plants is at least
as important as the food supply, and it is weli knoiYn that different
soils sho\ remarkably wide variations in their power of holding
water: some retain a large part so firmly that plants cannot get itl
others hold the water witi much lesi lenac'itv. A meth;d oi
measuring the intensity with which soits hold water has been worked
out in the Phy"ics Depanment and is being developed for wider
use. Thc underlying conception oI water suition is 

-beine 
applied

to a study of the pore size &stribution in soils.

CROPS AND MICRO-ORGANISMS

For many ycars t he Bacteriology Department has been engaged
on a study of the organisms asiciated with lezuminous p'lai:ts
and onc o[ thc bcst known results has been the iorking oui oI a
method- of inoculating luceme seed before sowing: tlis is now
generally adopted by farmers.

Investigation showed that clover nodule bacteria are verv
widely distributed throughout the courtry, but that some of theiir
strains or varieties are much less eftcientihan others, One of tbe
poorest, found on the Welsh hills, has been studied in some detail.
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lt is so ineffcient that it can barely sustain its host Dlant: the
growth of the clover is miserably ioor. The reason ior the in-
effciency o{ such strains has now been traced to some incom-
patibility between them and their hosts: thev eet into the root
and start forming the nodule, and then commin& to fix nitroeen
just as the more efficient forms do. But in a very short time ihe
nodules begin to disinte$ate. Similar results have been obtaiaed
with pea-s and soya beans. Evidence was obtained that Dlants
bearing inefficient nodules produce some substance toxic t'o the
organisms and so put an end to their actMties. There is acute
competition between good and poor strairs of nodute bacteria in
the-soil, and lpparently those that multiply most rapidly are able
to dominate the others and to enter the plant.

Soil contajns quantities o[ unspeciatsed bacteria which have
hitherto be€n little studied but are imponant bv reasoD of their laree
numbers and variety. A survey to study their distribution undir
gjfferent 

- 
systems of cropping and manGng is being made in the

Microbiological Department. There is some iuggestio-n of a relation
between cropping and bacterial flora: comparison of the un-
manured plots on Broadbalk wheat field and on Park Grass showed
only two species of bacteria common to both, but on the other hand
four of the eleven species isolated from the unnanured park Grass
plot were found on unmanured grassland in other parts of the
country.

The process of denitrification whereby nitrates are reduced in
the soil to gaseous nitrogen ha.s hitherto been regarded as entirelv
anaerobic, It is now shown that this is not so. ;d that comDte6
reduction of nitrate to gaseous nitrogen can take place r_ilder
aerobic conditions with the difference that, for a CN-ratio o( IO.
the whole of the carbon supplied is used up under aerobic conditions.
but part of it is left untouched under anaerobic conditions.

Ught appears to have no effect on the process.
It is a commonplace that scientific investigations DroDerlv

clrried out are apt ro develop in wholly uaexpected diiectioni.
This work on soil organisms was soon found to pr6vide the key to a
particularly difficult practical problem, the purification of effiuents
from sugar beet factories and from mitk iactories. Bv arranRement
with rhe Department of Scientific and Industrial Researih this
problem was actively followed up for several years, u.ith such success
that at the end of September 1938 it had reached the stage where it
passed out oI our hands and could be handed over to the factories
as- a matter oI {actory technique. The work was done join y by the
Microbiologicat ard Fermentation Departments witL the c<r'rdial
co-operarion of Aaglo-Scottish Sugar Beet Crrporation (Colwick)
and United Dairies Ltd. (Eliesmere).

Soil fungi responsible for certain plant diseases are dealt $'ith
later, wbere it is shown that the peisistence of one oI the more
serious diseases is related to the bacterial activity in the soil.

The protozoa of the soil have also been studied and it is shorrn
that, in addition to rheir effect in reducing bacterial numbers. thev
have a further effect in raising the bacterial efrciency, as tt'e
members oJ a small bacterial population Ere more efrcient than
those ol a large one.
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INSECT PESTS OF CROPS

In the Entomology Department the staff investigate the factors
governing the rise and fall of insect populations. For some years
past the relation between weather conditions and population
numbers as sampled by a light trap has been studied and the special
feature of the work has been the use of statistical methods of a.nalysis
to ensure that the maximum of information is obtained from
the results and that no unwarranted conclusions should be drawn.
Important results are already foreshadowed. For the insects
studied the population level at any time is determined by the
conditions prevailing during the previous weeks or months, and
muitiple regressions have been worked out from which the popula-
tions should be predictable with fair approximation at least one
month beforehand. The principal factors concerned are temlrrature
and rainfall, the former being more important in winter and the
latter in surffner. The rainfall of two months previous has a greater
effect per inch of rain than that of either one moDth or three months
prevrous.

Population changes in the field have also b€en studied in carrot
fly, leather jackets arrd gall midges, ard in these the elfect of
parasitism is taken into consideration.

Other work on gall midges has also been continued.
.4. new line of work has been opened up which promises to be

particularly important when it can be developed in association
with a biochemist; at present no successor has been appointed to
Dr. A. G. Norman and in consequence the station is without expert
guidance on the subject- Investigations of cabbage aphis show that
the rate of reproduction of the aphides is dependent on the com-
position of the cabbage, and that the aphides themselves affect
not only the yield but also the composition of the cabbage. These
reciprocal relationships promise to be important and they wi be
worked up as opportunity arises.

Considerable attention is devoted to soil insects, esp€cially
those that live in grassland and may become serious pests when the
grass is replaced by aratle cro1x.

Dr. Willians'work on Insect Migration has been considerably
strengthened by the receipt of a grant from the Leverhulme Founda-
tion which has much facilitated the recording and study of observa-
tions. Those dealing with migrations of Cabbage White Butterflies
in Europe were worked up during 1938; other material is accumu-
lating.

I\SECTICIDES AND FUNGICIDES

During 1938 this work has been greatly extended under a scheme
sErnsored by the .{,gricultural Research Council and the Colonial
Development Fund and additional chemical and entomological
assistarce has been provided. It has now become possible to carryr
out biological tests throughout the greater part of the year, and
still further progress may b€ ex?ected as the selection oI more suit-
able test insects proceeds. Under the conditions of the grant special
attention is to be devoted to the insecticidal plants grown in Malaya.
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The chief work has been on Derris, and it has been concerned
with a critical examination of the methods of determinins rotenone-
the substance on the basis of which derris is usuallv stirdardised-
This was done in close consultation with the Imperi;l Instituti ani
satisfactory progress has been made. Some oj the other active
principles are being examined as regards both their chemical
constitution and their insecticidal activity.

Certain Australian plants used as fish poisons bv the aboricines
have also been exa"mined as insecticides, arid one of ihem. a sicies
of Tcphroia, was toxic to Alhis ru,micr's, but not to the s.he ,ixtent
as l)erris or certain species of Lonchocarpus.

The effect _of manuring on the yield of plreth-rum flowers, and
on their p]trethrin content, has now been fii;ly well ascertained.

VIRUS DISEASES
Considerable advance in this subject was made h 193g.In collaboration with Mr. N. W. pirie ot the Biochemical

Laboratory, Cambridge, work has been continued on the isolation
of plant viruses. From plants infected with two strains of Dotato
virus ' X," nucleo-proteins have been isolated which in man,i wavs
resemble those previously obtained from plants itrfected with t6bacio
mosaic tJT)e yiruses. Io oilute solutions ihese show the phenomenoD
of anisotropy of flow and when suficiently concentrate'd they form
liquid crystalline solutions. Wben precipiiated from solutioris with
acid or with salts tbese proteins are amorphous. From plants
infected with tomato bushy stunr virus anbther nucleo-piotein
has been isolated, which after precipitation with salts crvstallises
in the form of rhombic dodecahtdra. This is the fust virirs which
has beeD obtained in a ful.ly crystallioe state. It differs from those
previously studied in having sphericat instead of rod-shaDed Dar_
ticles, also in having a much greater nucleic acid conteat. \otliins
lile these proteins has been isolated from virus-free plants. althousfi
tobacco and tomato plants bave been fouud to contain relative'iv
large amounts of Foteins with large molecular weights. The con"_
ditions in which these nucleo-proteirs break down haie been studied
but none of the eyidence conflicts lyith the view that thev are the
viruses themselves

On the cytolotical side an approximate estimate of the virus
content of the abnormal " inclusions " Iound in cells of leaves
affected by Aucuba mosaic disease showed that its activitv is of the
same order as that of an equal weight of purified virus. 

-

Further studies were made of the relations between the insect
traDsmitted viruses and the insects that carrv them. Darticularlv
the effects of fasting and times of feeding.

FUNGUS DISEASES OF CROPS
" Take-all " dtsease (Ofhiobolus grambtis) cotrtinues to cause

trouble in wheat growiag areas and it is shown that the frasments of
mycelium persisting in the soil are the most important iource of
inlection. The fuugus produces air-bome ascospoies, but these are
apparently incapable oi initiating outbreaks of-disease in the field.

D

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-1-86 pp 32

5(l

The chiel factor in the Persistence oI the disease in a particular
field is therefore the length o{ time that rhe mycelium can continue
to survive in the soil. Fortunately the mycelium does not live
ildetinitely : it is attacked and decomPosed by other soil organisms.
The most'favourable conditious {or this appear to be (f) high
microbiotogical activity in the soil; (2) maximum soil aeration;
(3) temporary scarcity of nitrogen, which drives the soil organisms
to attaik lbe OPhiobolus mycelium for the sake of its nitrogen.
Co-operative experiments bave been started with the Norfotk
Asritulturat Station to apply tbese results to farm practice.

- Fortunately the English variety of the lungus does not attack
oats and in consequence oats can be sown on infested land il Eastern
and Southern England. Grasses also are not affected.

In Wales, however, it is different. Another strair or perhaps
even arother species of the fungus has been found there which
attacks both oaG and grasses, thu;differing widely from the English
strain. One hopes it will not irvade Eastem or Southern England.

The fungus-Fnsaui*ttt culnorum, which causes trouble to wh€at
growers hasalso been studied: it can colonise dead plant remains,
and was indeed the dominant {ungus, with Mucm sfp. as stb.
dominant, in decomposing wheat stubble for at least the Iirst three
months alter it had been ploughed into the land. Later oD these
were replaced by Penicillium srp. as dominants. Enrichment oI
the striw with nitrogen accelerit-ed the decomPosition but did not
alter the succession of fungi. The Practical signilicance of the
results lies in the fact that F. ctlnprun must now be considered a

regular member of the Jungus flora of tbe soil, since it can colonise
de-ad plant remains, and is therefore not restricted to a Parasitic
tife. It is, therefore, highly improbable lhat any system of croF
rotation will eliminate this wheat Parasite from the soil, so that
coutrol measures must rather b€ directed towards raisbg by appro-
priate cultural measures the resistance oI the cereal host Plant to
disease.

The iurrgus Cercosporella herfotrichoides, which causes lofuing
in wheat, was first found in thiicountry by Iltiss M. D. Gl1'nne at
Rothamsted in 1935. It was afterwards recognised iu a number of
Dlaces on wheat iu the southem half of England, and occasionally
Ln winter barley. and it was much corunoner in the wet season of
1937 than in the tlrier season 1938 when there was much less lodging
and the Dercentaee of infection was lower.

The eifects ol ihe firngus are more marked when wheat has ctosely
to follow wheat or barley than when a wider interval is possible.

STATISTICAL CONTROL OF THE EXPERIMENTS
Design of Field Experbnerls and Attalysis o! tlw rcsu s

It is obviously useless to make field experiments unless the
results are reliable, and long experience has shorm that the old
simple desiBns frequently give untrustworthy results; moreover
no 

-estimate of thair validity can be made. In the Statistical
Department new methods have been developed which enable the
exllerimeutal errors to be Properly assessed and which are Iar more
e6'cient than the older meiho'ds. 

-The 
new methods are now widely

used itr the Empire, especially in India, Ceylon, Malaya, Australia,
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the Sudan, and in manv parts of Canada and Great Britain as well
as in the United States. They are continuously beiag improved,
and dudng 1938 guasifactorial and incornplete block designs were
studied: these are alreadv much used in plant breeding work,
in experiments on virus disease and other problems. Designs for
rotation and other long term expriments are also being investigated,
and numerous experiments of this t,'pe involving many novel
features have been commenced at Rothamsted and Wobum.

When the experiments are done the results have to be analysed
and relations with metmrological and other data investigated.
The results of the Saxmundham experiments are being worked out
on these lires. Methods oI dealiag with survey data have been
developed, and used in an enquiry into potato blackening carried
out for the Potato Marketing Board in conjunction with the Imperial
College Botany Department.

The Statistical Department also does a good deal of work in
associatiotr with other bodies: duriag 1938 it carried out an
investigation Ior the Forestry C,ommission on methods oI sampling
for yield of timber.

Sp€cial attention is given to tbe study of methods of crop
Iorecasting: this is done in association with the Plant Physiologist.
The particular crops at present under investigation are wheat,
potatoes, and sugar beet.

FIELD EXPERIMENTS AT OUTSIDE CENTRES, 1922-38
When the wheat experiments on Broadbalk field had been carried

on for eight years, Lawes repeated certain of them on lighter soil
at Holkham, Nortok e) for four successive years, tbe manures
beiag made up at Rothamsted. Five years later some Kentish
farmers who had visited Rothamsted were so interested in the
wheat field that they offered to repeat the exp€riment in their
own area : this they did for six years at a centre near Sittingboume.
Writing of these exp€riments (r) Lawes aJrd Gilbert say : " It is
highly desirable, in a practical as well as a scientific point oI view,
to determine, by means of care{ul experiments, whether or trot the
action of particular manures on particular crops is substantially
similar on different descriptions of soil and in dilferent localities."

Although the need was clearly appreciated the early records
show ferv excursions to outside farms apart from the above, In
1876 the Woburn exlxriments began and the main treatments of
Broadbalk aud Hoosfield were repeated on a light soil and mah-
tained for 50 years.(o)

Until after the War the small size oI the stalf had not allowed
of any but occasional experiments outside oI Rotbamsted; this
became possible as soon as the staff was eularged. There were,
however, certain administrative difficulties as the scheme under
which research institutes then worked did not envisage investigations
outside the institutes, except at the request of the local authorities.

0) J. B. Ir*cs. JoDr. Roy. Agric. Soc. Eog., 1866 ; 16 ; p.2O7,
(r) J. B. I-alres aDd J. H. Gilbert. Joor. Roy Agric. Soc, EDg., 1862;

9, ,' p. 31.
(.) E. J. Russeu and J. A. Voelcker- Fifty years of ficld c4erimeotr at

Woburu EDeriEentd StatioD. Rothamst€d Moootr.ph3 Atric. Sci., 1036.
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These difrculties were gradually overcome, and in l92l a serious
start was made with f-ield exieriments on commercial farms ir
connection rvith problems arisii.rg out ot certain reorganisations -of
the fertiliser industry which wele then proceeding. In 1922. the
work was extended:" experiments were begun under the aegis 9!
the lDstitute ol Brerving io test the effects of fertitisers on tbe yield
and quatity o{ barley grown on a number of good barley Eror,ving
farms'in rianv Dafi; ;f the country. The reiults were published
periodicallv in-the Institute's -foumai, (') and firally s"rnmarised.(5)
ihe station also became assoCiated with the Leadon Court Farm ol
Sir E. D. Simon where a large scale trial was made of the use of
arable crops for dairy farming. Other experiments dealt_with the
pos,lbilitriof using muriates(6) and silicates as fertiliser. The work
irad norv so much increased that T. Eden was appointed to suPervis€
the experiments.

Gradually the organisation of these outside exPeriments was
developed. They were usually repetitions oI exFrimelts at
Rotharnsred, and the plans were sent out to co-operators a-t

agricultural colleges, and-the results were worked uP at Rothamsted
and circulated to all concemed.

ln 1924 the Royal Agricu.ttural Society of England gave a
grant for experiments on green manuring at outside centres(?).
These were much more difficult to carry out than the manurial
exoeriments since thev involved the successful establisbment of
thi green manuring irop as wel.l as the croP whose yield was
measured. In the meantime grazing exPerimeats evaluatrng m
terms of live weight increase the effects of different types oI basic
slag on grass land had been conducted at Rothamsted for some year_s

and theie were extended to the outside centres (8) in 1925. This
type oi work involved much closer supewision than anyttring
priviously and this was secured by enlisting the helP of local
workers.

The above experiments were carried out on the then accepled
technique of singlc large plots, or sometimes duplicated or trip-li
cated ;^ but by 1926 the improved plot arangements dweloped by
R. A. Fi,her had proved 50 advantageous at Rothamsted that they
were adopred on ciommercial farms ai the outside centres; H. J' G.
Hines being in charge (e) ; and henceforward the lield results \rere
publi"hed !-early ir the Statiou Report in tbe same form as the
hor ha"m.re'd exlieriments. Two sections are maintained ; the first
contairirg expiriments carried out entirely by the Rothamsted
stalf ; thd sec6nd comprisirg experiments deii$;d and siatistically
anah'sed at Rothamstad, but conducted in the tield by local workers
withlittle or no assistance from the Station. In 1928 a scheme was
begun whereby certain schools possessing the necessaSz land were

(.) E. J. RusseU. Jou.r. Iast. Brew., 1923 ; 29 ; 9. 621: aDtl subBequcDt
volumes.

(5) E. J. Russetl and L. R. Bishop. Ibid., 1933 ; 39 ; p.287-
i.) in. Agric. BuU 28. hd Eda., 1932. pp.62, 80,81.
a?) H. J. Page. Rothamsted Coalereocls, 1927. No. 3, P. 13.
(.) Rothamsted StatioE Report, 1925, p.24.
('i J. wishart aEd H. J. G, Hi,res. Jour. MiE. Agric., lS29; dA; p.624.

H. V. Garoer asd J. Wishart. lbid., 1030; 3f i P.7e3.
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invited to repeat certain of the simple experiments. They operated
on a verSr snall scale with plots of 1/160 acre or iess instead of l/50
acre or more, but this was partly offset by painstaking attention
to details o{ cultia'ation. Approved designs capable of ordinary
statistical treatment were employed. This work has since dweloped
and has proved advantageous both to the Station and to the schools
themselves. eo)

In 1929 II. V. Garner took charge, and the work on the lines
previously laid down was consolidated and extended to take in
more centres and a wider range oI crops. The field methods in use
at this period, and the sampling procedure that enabled a start to
be made on the study oI cereal crops on commercial farms were
put on record. (u)

From 1933 onwards much attention has been directed to the
organisation ol groups of experiments, uniform in desigrr, made in
as rnany areas as possible. The method had been used previously
in the Institute of Brewing Series on barley in 1922, and the Basic
Slag Committee Series on hay in 1926; but the extent and scope
w,as widened when in 1933 the poultry manure investigations of the
Ministry of Agricr.rlture were put under the direction o{ the Station
and still more when the Sugar Beet Series was undertaken with
the co-operation of the Sugar Factories. Thar*s to the managers
and the agricultural staffs, and larmers concerned, experiments
on sugar beet have been conducted on a scale quite out of the ques-
tion under the previous arrangements. In 1927 only 12 sugar beet
plots were harvested in addition to those at Rothamsted and
Wobum; by 1932 the number had risen to 660; but the effect
of the factory scheme and the increasing co-operation of local
workers has raised the plot number to 1,360 in 1938. The results
are reported annually to the Sugar Commission. (13)

The operation oI the poultry manure scheme had two importalt
results. It b,rought under modern experimentation a series of market
garden crops whose manurial requirements had hitherto been little
studied; and it called for new field designs to bring out direct,
residual, and cumulative eIlects. This in its turn involved arrange-
ments with the experimenters for maintaining the same experi-
mental area under various treatments for a series oI years with a
rotation of crops. This t,?e of work is likely to develop, as more
attention is devoted to the long range effects of fertilisers especially
of organic rnanures. Unforturatelv it makes much more demand
on al1 concemed than the usual t}'?e of annual experiment. Tle
poultry manure results are collected each year both for the Ministry
of Agricultue and in the Station Reports. (13)

The rnanuring of potatoes has been studied in important fen
land and silt land areas with the co-operation of farmers anxious
to test local practices. Thirty-one experiments have been made on

(!) II. V. Gartrer. Scttool ScieBce Revie\r, l93l; No. 48, p. 371.
Ibid., 1037; No. ?4, p. 268.
e) II. V. GarDer. RothaEsted Conlercaca, l93l; No. ,3, p.49.
D. J. Watson. Ibid., l03l; No. 73, p.54.
er) RothaEsted Statiotr Rq)orts, 1933, p. 167; 1934, p. 215; 1035,

p. 2l? ; 1S36, p. 21r', 1937, p. r75 ; 1938, p. 00o.
(r) RothaEsted Statior Rq)orts, 1933, p. 16l; 1934, p. 206; 1935,

p. 209; 1936, p. 233; 1937, p. r70; 1938, p. 000.
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the black land and ten on the silt land since the series started in
1928- The results have been of considerable interest locally and
have brought out the need for potassic and nitrogenous manuring
ia the black land area. (L) Other potato experiments were concerned
with the relative values of the ordinary inorganic fertilisers and high
grade organic manures, dried blood, steamed bone flour, and
occasionally fish meal. No evidence of superiority oI the organic
Iorms could be obtained lor the lirst crop, potatoes, indeed any
differerrce observed was usually in the other direction. (16)

The increasing importance of kale in the root area led to experi-
ments on its response to nitrogenous manures and on the eflect of
thiming out the plants in the rows. Manv of these trials were made
at the Midland Agricultural College.

fn collaboration with Mr. A. W. Oldershaw oI the East Sulfolk
County Council, some fruitful exp€riments have been started at
Tunstall, bringing out quantitatively on the acid sand the eflects
on a rotation of crops of varying doses of chalk. Other experiments
deal with the value of magnesian limestones and basic slags on
acid soils, and the fertiliser requirements of sugar beet and potatoes.

More recently the fertilising value of treated town refuse has
been tested at the outside centres but this work is for the moment
in abeyance. The effect of granulation on fertiliser efrciency is
being studied and this work is to be extended to include studies
of the effect oI the location of fertilisers in relation to the seed.

Pncision atbiacil
The degree oI precision obtained in replicated experiments

at outside centres compares {avourably with that obtained in
similar experiments carried out at the central experimental stations.
For every experiment published in the Rothamsted Station Report
the standard error of a single plot is recorded as a percentage of
the mean yield of all the plots. In Table XXIV will be found these
figures averaged over the period 192G38 for the various cla-sses of
crops at Rothamsted and Woburn, and also at outside centres.
They include all experiments with the exception of a few in which
the crop was practically a Iailure, or where the agricultural notes
showed that certain plots were seriously damaged by disease.t

TABLE XXIV
Sta',rqtt Errort le, ?ror, ?cr ctn, ol r,.ar. yia&--192Ett

RothdrnsLd aid Wob*ri Otdiir, Cart as
No. oI S.E, No. oI S,E.

etp€riEcntr % €rpcriEe[ts %

6'
20
32
l3
l8

t0.9r
0.9
8-2'
9.4!
7.sl
8.61

36

ll0
281
t2
u

8.0
9.1
8.4
8.8
8.3
8.6

' The StaDdard Errors in these experiEenls were:-
Potatoes (maitr crop) 42. l, 22.7, 24.0, 2 1.0 Fr ccDt.
Potatoes (early) 5{.0. 49.9. Sogar Beet 3:.5. 25.6.
Kale 26.?. Oats 20.6.

(r.) H. V. Garuer. RothaEsted Crslerctrces, 1934; No. ,6, p. 4.
(I) Rothamst d St ti@ Report, 1030, p. 32.
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Experiments o{ equal size and the same design should therefore
yield results oI about equal accuraclz whether made on an outside
farm or an experiment station. Greater precision on individual
comparisons may actually be secured at the experiment stations,
however, since larger numbers of plots giving greater replication
and higher accuracy can be handled in a single experiment than a
busy larmer can cope with.

The magnitude of the standard errors obtained with vegetable
crops has been recorded.(1?) Owing to the smaller numbers of
erperiments the average values are less well determined than in
the case of farm crops, but the figures indicate that, altbough
vegetable crops are somewhat more variable than farm crops, the
existing experimental methods can give definite and useful informa-
tion on {ertiliser questions. For micro-plots conducted at schools
the standard erors are, as might be expected, as a rule somewhat
hiBher than the normal r,'a1ues obtained from full-sized plots, but
none the less tbe experiments hcve provided numerous results
that attain stalistical significance. (ro) A brief summary of some
of the main conclusions from work at the outside centres may now
be given.

Barlcy. First Series 1922-1925: The yield of barley was
influenced much more by nitrogenous than by phosphatic or potassic
Iertilisers. The two latter gave generally only slight increases on
farms in which the root crops, and in some cases the seeds also,
received additions of mineral manures. Soil and season had much
greater influence on the nitrogen content of the gain than had
manuring. Moderate use of nitrogenous manures (l cwt. Per acre
of su\rhate of ammonia) gave substantial increases in yield witb
no loss of malting value.

Ammosthtm CNoride. 1925-7928: On barley ammonium
chloride was somewhat more beneficial both on leld aad quality
thaD sulphate of ammonia. On mangolds and sugar beet it vras
about equal but on potatoes it was less effective.

Gree* Mamtring. 1924-1926: Trials with summer arrd autumn
sown catch crops and with undersown crops were greatly
by the difrcultv oI establishing the Breen manuring crop. Even
when grown and duly ploughed in, the following croP was in most
cases only slightly benefited. The few experiments that succeeded
show that green manurhg can give good results uader correct
conditions.

Basia Slag- The work on basic slag and rock phosphates has
been too extensive to admit of any adequate brief sumrnary.
Dr. E. I{. Crowther has recently discussed the results,(l') and they
are reported in full annually to the Basic Slag Committee oI the
Ministry of Agriculture. The yield of hay and o{ repeatedly mowrt
grass, and the recovery in the berbage of added phosphoric acid,
ahowed a fairly close relationship with the citric solubilities of the
slags employed. Rock phosphate was much more active on acid

0') Rothamsted StatioD Report, 1535, pp.32-12,
fr.) H. V. carDer. Scbool Science Review, 1937; No. ?4, p.268.
(r.) E. M. Cro*ttrcr. Jour. Rry. Agtio. Sd. Eng., I93f; 95, p. 34.
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than on neutral or alkaltte soils. The imDrovement in the ohos-
phoric acid and calcium content of herbale following phosplatic
manuring was often very considerable.

Pol.alacs on FeaLand Soils. There are two t\pes of black soils:
(l) light len soils resting on a thick bed of s'imilar unweathered
material underlain by clay, which, however, is not brought up to
the surface: and (2) the heavier soils in which the su;face'soil
has had recent artificial additions of clar', or I'here the clay subsoil
is so close to the surface that a certain amount of admixture takes
place b_y very deep ploughing. In the first tpe potatoes have
responded well to potash, usually to nitrogen also, and to moderate
doses,of superphosphate, 5 cwt. per acre. The heavv lcns, on the
other hand, har-e so far shown little need for potash, but thev respond
to hcavy dressin_gs of both nitroten and pliosphate.

Polaloes ott Silt Land. Thesi soils in th; \l'isbech area have
been very highly farmed for a long period. Under these circum-
stances maximum yields have been obtained by rhe use of onlv
moderate dressings of artificials as distinct from the exceedingly
heavy dressings locatly in favour. The experiments a.re beini
repeated in the same plots lo ascertain whether the observed effeci
holds for one year only or whether .maller dressings \^'ill now
suffice for a series of years. Nitrogen and DhosDhate iave oroved
more important than potash on tf,ese goocl silis, especially when
dung is aprplied.

Dried. Putltry Mamtre. As a source of nitrogen, dried poultry
manure is only about 2/3 as efleclive as sulphaie of amm'onia iir
its.year o{-application. The design of the'exlxriments enabled
residual and cumulative ellects to be investigated but these turned
out to be small even when the dressings had-been repeated for four
years.on the same plots. The experiments had special value in
directing attention to the manurial responses siven bv market
garden crops grown rmder normal commircial condition;,0t) and
also in developing the technique of estimating rhe vield df crops
han'ested on a number of successive occasions.

Corcenlraled Oryanic Mamrres. Dried blood and steamed
bone flour, or fish meal, were never superior for Dotatoes to
ordinary mileral fertilisers providing equal nutrients, aid occasion-
alll' they were significantl.r' inlerior.

Sugar Bcct. Numerous sugar beet experiments are in orogress
under the scheme of sugar beit Researcli and Education lnd the
present results have been surnmarised. (1t) Sulphate of ammonia
is in all soils and seasons the most consisterrtiv effective of the
fertilisers tested. It is least elfective in fen hnd soils and in verv
dr5r summers. Three to {our cwt. per acre mav be used with coi-
Iidence on mineral soils and in normil seasons. Il markedlv increa-ses
the tops and is as effective at the higher as at the lowei&essings.
It reduces th9 sygar p€rcentage in the roots bv about 0.1 per cent.
per c*.t. applied, but this disadvantage is more than offsei bv the
much larger yield increase.

(rt) Rothamsted Statiotr Report, tggg. pp. 32-42.
_ (r.) E_.. J. Russell. Britjsh Sugar Bect ftLvicw, l93S; ,2, p. IO9. H. V.
Garner. Ibid., 1939; ,3, p.4t. -
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Muriate of potash had done well throughout the series especially
on light and fenland soils. Its effectiveness is increased when
used with a nitrogenous manure and a balance between these two
should alwavs be maiatained. Potash increases the sugar
percentage by about 0.1 per cent. I)er cwt. applied.

The effect of phosphate depends on seasoa and on soil type.
Coarse sands and lenland soils have unifornly responded to
moderate dressings of phosphate (3 cwt. per acre), and in a few
experiments a heavier dressing of phosphate had been justified.

Kalz. }i.ale responds readily to nitrog€nous manures, giving
an average increase of approdmatelv I ton of green stuff per I cwt.
of nitrogenous manure applied. The increase is smaller, however,
in exceptionally dry summers, or where high yields (35 tons or
more) are obtainable without additional nitrogen. Thinning the
plant in the rows tended to reduce rather than increase the yield
I)er acre.

Toun Refusc. A treated town refuse applied at the rate of 12
tons or more per acre gave promising results in the year of appli-
cation, its nitrogen having approximately one hall the value oI that
oI sulphate of ammonia.

Limirg Materials. Experirnents on lirning have be€n conducted
mainly on the acid sands of East Anglia and in particular on the
Tunstall experimental Iarm. On these acid sands a small dressing
ol ground chalk has had rernarkable effects. At Tunstall I ton of
calcium carbonate per acre has acted for se!/en years, giving live
excellent crops of sutar beet, one good crop of barley and a useful
crop o{ rd clover on land which previously would carrlr none of
these crop6.

Comparisons of ground limestone with ground dolomite showed
no dilference so far as the sutar beet crop is concemed.

Fudhcr DelelofteNs. The experience of the past ten years
has shown that modem methods of lield experimentation may be
applied to root crops with complete success witbout appreciable
disturbance to the routine of a commercial farm. Crops harvested
on several successive occasions, such as Brussels sprouts or French
beans, require considerable extra supervision aud the experiments
must be either fairlv accessible to the research station or mainly
under the control of local workers. Hay experiments also can be
undertaken at outside centres but in catchy weather the weighing
of the produce may be protracted, necessitating the presence of a
recorder for several da]rs.

Cereal crops present more diftculties. The large barley plots
o{ the early experiments were harvested in the ordinary farm way,
but this is out of the question Ior modem small replicated plots.
Several alternatives have been tried.

(l) A number of small random samples cut with shears at the
ordinary stubble level are taken from each plot, transported to
Rothamsted and threshed in a special small machine. The y.ield
per acre is then calculated from the areas actually sampled. 

-

(2) The produce of every plot is weighed on the field and a
sample is taken fiom each plot either (a) by ra.ndom setection of a
sheal and random sampling within that sheaf, or (D) by $ab
sampling either from sheaves or loose produce. All tbe samples are
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taken to Rotharnsted and tbe ratio of grain to total produce is
determined by small scz.le threshing as be{ore, and the grain yield
is then calculated.

Several dificulties still remain. Small scale harvesting necessi-
tates a certain amount of walking about in the standing crop
especially when sampling from the standing crop by the method
first described, and this naturally does not commend it to farmers.
The second method requires expert sclthesmen who are not ahrays
available. Cereal harvest also is a time of greater stress tban root
harvest and extra hands for experimental work are not easy to
obtain. It is further necessary to induce Iarmers who have already
carried out an experimeat in roots to continue the existing plots
in the following cereal crop. This is not always easy because the
main effect of the manures has been shown in the roots with com-
paratively little effort, while the problematical and certainly
subsidiary residual effects in corn involve additional trouble. Bad
weather moreover tends to keep the field staff stationed away lrom
home for longer periods when engaged on cereal experiments than
on roots. Field weighing of roots can be done under weather condi-
tions that would stop corn harvest for several days.

None the less the successlul carrying out of cereal experimerts
is an essential development at outside centres, for only in this
way will the full study of fertiliser effects be possible. Many of the
sugar beet experiments and alrnost all tests of organic manures and
liming materials involve the harvesting oI cereal crolx for their
complete examination.

INSECT PESTS AT ROTHAMSTED AND WOBURN, T938

A. C. Ev.r.xs
GENERAL

Little trouble has been experienced from insect pests this year.
No Iurther occrurence of the Wheat Mud-beetle has been recorded.

WrBer
Wheat Blossom Nhdges (Sitdillasis ntosdlana Gdhin and

Contzrbtia hitici Kirby) have decreased considerably in number.
Number of Larvae per 500 ears

1937 1938
C.,r;,ici .. 2,668 378
C.tmsellsna.. 3,409 7W

K^Ir
On Fosters, Flea Beetles (Plryllobcla spp.l severely damaged the

seedlings which survived a dry period in early summer.

SUGAR BEET AND MANGoLDS

The Black Bean ApNs lAph;s Jdac Scop.) wes rath€r plentitul
on the mangolds and sugar beet on Barnfield and the Irng Hoos
experiments in early JuIy but the plants grew afley successfuly
and no obvious damage was done.
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BEANs

The spring Beans on Great Harpenden were ruined by the
Black Bean Aphis. The winter Beans on the same field were badlv
attacked in places. Spraying was not practicable owing to the
density of the plant.

\{osux}l
No serious pests B'ere noted. Aphids (various species) were

comrnon on several crops but no obvious damage was done.

FUNGUS DISEASES AT ROTHAMSTED AND WOBURN, 1938

MARY D. GLYNNE
GBNrnar

The dry season of 1938 produced differences in the incidence of
several diseases compaxed yrith the wet season of 1937. Thus
Eyespot Lodging of wheat caused by Cercosporclb lurfotrichoi.des
Fron. was much less severe thau previously and Brown Foot Rot
of wheat caused by F*sarium sp. was more frequent thar usual.

WEEAT

Eyespot Lodgiry (Cercoslorella lwpotrhhoiiles I.ton.) produced
no general lodging oI wheat on Broadbalk in 1938 when the avemge
percentage cukns inlected at harvest in the whole field was estinated
as about 40 per cent. In 1937 lofuing had been very sesere with
over 80 per cent. of the culrns infected at harvest. In general,
observations have indicated that serious lodging is caused by the
disease only nhen about 80 per ceut, or more of the culms are
in{ected. Individually lodged culrns could be seen lying criss-
crossed in the otherwise apparently upright crop on Broadbalk
in 1938 and these showed a high percentage in{ection while upright
culms showed a low prcentage. The disease was found in lg38 on
Hoosfield on the dternate Wheat and Fallow Experiment to a
less extent than on Broadbalk. It also occurred, but on relatively
few culms, on some of the rvheat grown in rotation at Rothamsted.

" Eyespot Lodging " was approved in December, 1938 by the
Plant Pathology Committee o{ the Britis}r Mycological Society a-s

the corrmon name of the disease caused by Cercosforella horlo-
trichtidcs Fro*

White Straw Disease (Gibdlitu caaaJis Pass.) was first found in
1935 on I{oosfield on the Altemate Wheat and Fallow experiment
ard to a very small extent on the adjacent plot of the Soil Exhaus-
tion experiment. As the only other records of this disease show
that it has occurred in Italy, Ilungary aad as a rarity in central
France it has rather a special interest. It re-appeared in the dter-
nate Wleat and Fallow experiment in 1937 when the B series oI
plots cropped in 1935 again bore wheat, but none could be found in
1936 on the A series of plots. It was a little surprising there{ore
that in 1938 when the A plots were next cropped more diseased
plarts were found than i,o 1936 or 1937. The disease caused severe
damage to the plarts attacked but these formed only a small pro-
portion estimated in 1938 as I to 5 pet cent. o{ the total number.
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No sign of the disease could be found on Broad.batk or on anv
other wbeat grown at Rorhamsted or Wobum-

_ 
Brown Foot Rot lFusaium sp.) was more than usuallv freouent

at harvest, sometimes causing individual culrns to lodse or io o.o'do""
whiteheads. Its incidence varied on different plots"on Br6adbalk
and showed some tendency to be greater on ihe plots receivilg
heaty nitrogen. On these and on some of the commercial wheai
crops as many as 33 per cent. of the culms showed sims oI in{ectionat harvest, but of these on)y a small proportion "were 

attacked
severely en-ouBh to cause either Iodgbg br whiteheads.

Take-all (Ofhiobolus gramhis Saic.l'. The season was in general
not very favou.rable to this disease. It was found. but infreo"uen v-
on Broadbalk at Rothamsted. On the Continuous Wir""i.o*il
ment on Stackyard lield at Woburn the disease had increase'd a.
compared with the previous year and its distribution in relaiio;to manurial treatment showed a close similaritv lo that {ounri in
the years l93l-33 betore it was fallowed in f Sga'and i9i; --- -
- . Mildew lErysilhe gtamiris DC.) was moderate at Roitram.tea.
berng more severe where heavy dressings of nitrogen were aoplied..
,^ ..lrose Smut (Ustilngo Ttitici @ers.t Rostr.) was slight boih at
Rotharnsted and Woburn.

Benr"sy
Take-all (Olhiobolus graminis Sacc.) was slisbt on the Contin_

uous lrarley plots at Rotha.msted and Woburn ird moderate after
green manure on Lansome field, Woburn.

-B-tgy" fg.t Rot (Fttsarium sp.) was slight at Rothamsted.
lrt$y (prysiflu Srazrrzrs DC.)'was slig[t.
Leaf 9Jripe (Heliinthos.potit4i gramiitm Rabenh.) occurred

occasronally on-the Commercial Barley on Ijnsome field, Wobum,
where unireaied seed saved from ihe farm had been usecl. On the
Green_ Ma.nure and other experiments .Uer" .o*-e."iai ,""a
already treated was used, the disease was absent. Leaf stripe used
to occur frequently but since the almost universal adootion'of seed
treatment by commercial firms it has now oracticalhi di
except rf,hen untreated seed is used.

GnessBs

, Cho.ke (Elichlae ty?hino (Fr.) Tul.) occr.rred as usual on
Agrostis on the grass'plots anh ri,a^s m6st plentiful on the acid
plots -where also Agtoilis is most frequent.'It was rather more
abuadaut than in 1937, when however t-here was rather less than in
previous years.

Crown

- Rot (Sclaolittit Trifoliorum Erikss.) caused death of some
plants and of the outei leaves of otheri in the early sprirg ard
previous autumn both at Rothamsted and Woburn. 

- ^ "
Bnoeo BreN

Bobyth spp. causing two types of lesion, the limited, known
as '' Chocolate Spot," and the rmlimited t\rpe, was unusually
slight at Rothamsted.
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Poem
* .| E s.- Ire! O"op Strea.k was fairly common at Wobum otr
Butt Furlong field.

Bligbt (P@ilttlola inlastarts Ofiont.l de Bary) ras observed
as slight on the Four-course experiient <in Hoosfiieid in Augut.

FARM REPORT, 1938
Weathel

The outstanding weather feature of the vear 193?-Bg was the
severe drought during the spring and summir months. The total
rairfall for the year was ofuv 20.08+ inches comoared with lasr
year's total of 35.859 inches 

-and 
the 85-year avdrage of 28.710

inches. Ten of the twelve months had rainfall belonithe ave.aee.
and the _six months April to September only had g.laa incdes
compared with the average of 14.029 inchej. The winter was
generally mild and there were only two frosts of anv severitv.
Mean temperatures were slightly a'bove average. Thdre was in
extremely warm and sunny speli in March, but-the total sunshine
lor the year was below normal.

IAeather ad Crols
Conditioos from late auturrm to early spriag were generally

favourable to farm work, and all root crops 
-weri 

eather;d unde;
good conditions. The land which was piouehed "bv the end of
1937 worked down well in spring and good seed beds iryere obtained
gaxly lor the spring cereals. Owing to the absence of frosts the
late ploughed land was difrcult to-work down. The continuous
dry weathe,r 

-soon 
slowed down growth oI all corn crops and towards

the- end of _May-most (rolx were tuming yellow.' However the
little raitr which feU at the end of May broig[t about aD immed.iate
change in the com and bean crops. These itarted to srow raDidlv
and charged to a darker and moie uniform colour. T"he continuJ-
tion of the drought did not apEear to affect the com croos afrer
this,.and yields were exceptionally high. Allhough the ieather
conditions gave rise to excellent yields of grain, t-he straw yields
were not correspondingly high, and in many exDeriments tbe-vield
of grain was higher than the yield of straw-.

The root crop areas whicb were worked dowr earlv produced
good seed beds, but those tbat were not worked down bjtfie middle
oI March dried out into hard unworkable lurnps, and gdod seed beds
were diftcult to obtaitr. Yields of beet were rather-poor, but the
w.eight of the-tops was in most cases up to average 

-and 
was well

above the weight of roots. Sugar percintages wele low.
The dry weather during the summer enabled the we€ds to be

kept under control easily. The germination oI seedUngs was slow
and they were far less numerous than usual. The stibbles were
far cleaner than usual, and as these had been softened bv storms
during harvest they were ia good condition for working. Advantage
was taken ol this and all stubbles were cleaned eitf,er bv sha dw
ploughing or cuttivating, followed by several harrowingsl
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The experiment on newly-ploughed-up grassland, to determine
the best crop to utilise the stored-up fertility, could not be com-
menced, although some o{ the preliminary work was carrted out.
The ground during the srunmer was far too hard for ploughing,
and by the time the ground was soft enough the sea.son was too far
advanced to expect reasouable autuma sown crops. The ptoughing
will now be done in the late winter of 1939, and the autumn-sown
crops will be replaced by the same crops to be sown in the spring.

Cbssical Exlcrituttts
Broadbalk was plougbed in September, only the one ploughing

beilg given. Dritling took place rather later than usual as n'e
waited Ior rain before commencing this operation. The wheat
looked exceptionally well throughout the year, and at harvest
every plot was standing well. This is the first occasion for many
],ears that all plots were standing at harvest. Some of the plots
ripened earlier tban others so the cuttiag was done at two different
times- There was some bird d,yn,ge both before cutting and while
in the stooks, but the darnage was not so severe as in past years.
Sections I and II of the dunged plots contained a lot of wild oats
but otherwise the field was much cleaner than usual.

The wheat plart on Hoosfield Halfacre was rather thin, but the
straw was long and the ears of good size. Before harvest the crop
looked better than it had for many years. There was no sign of
wireworms or wheat butb fly damage.

Iloosfield barley plots worked down to a nice seedbed, and
sowing was done in late FebruarJr rmder excellent conditions. The
plant looked x,ell early, but late frosts aad lack of rain caused a
slight setback. However, the barley grew away later, and at
haxvest was an excellmt crop with all plots standing.

In Agdell field the clover looked a nice even plant fur auturnn,
but much was killed oIf during the winter by Sckrotbtia. I{owever
a Iair plant remained, the plot which received full manuring for
the root break looking Inorest. Very little growth took place
until late in May but then growth started Iairly quickly after rain.
Tbe plot receiving mineral maaures only stood out as having the
best plant and making the greatest growth.

BamJield was ploughed rather late, and considering the few
frosts there were, the land worked down quite well. All seedbed
preparations were done when the soil was dry, and the land was
ready for sowing by the end of March. Sowing *as postponed in
the hope of rain, but as none had fallen by early Uay drilliog was
done. The plant came through rather slowly but a good thick plant
rvas Iinally established. Singling was dificult owing to the hard
state of the ground. Fair grorth was maintained throughout tbe
season and yields were almost up to average. Weeds were kept
under control easily as the dry weather retarded their germination
and trowth.

Mdent Long-Tcr* E*[aimois
Fun Cuose Rdalion. T\e wheat was sown under good con-

ditions and came through nicely, though it became a little patchy
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later. The crop evened out before harvest and though the straw
was short the lelds of grain were very good. The barley was sown
in a fair seedbed but much of the seed was taken by birds shortly
after dri.lling. The crop looked rather gappy and uneven, and
th.roughout the year was the most backward barley on the farm.
Ilowever, yields were up to average, the $ain yield being above
the straw feld. The ryegrass was sown late and germination was
extremely slow. Only a thin plant was established and subsequent
growth ras slow. A little growth of flowering heads took place iD
May but there was no bottom gmss, and yields were very low. The
wheat stubble lor potatoes was ploughed across the usual way, and
the second ploughing was done across these furrows. The land
worked dovn quite well but the sets $'ere planted rather late- The
crop looked poor throughout the season and yields were low.

Siz-Co*rse Rolatiott. Tbe clover stubble was ploughed early
to give a bastard Iallow before the wheat crop. The wheat looked
well throughout the season and had a remarkably dark colour.
Grain yields were well above average but stra\r' yields were low,
The mustard catch crop between the rye and sugar beet made very
little gowth. The seedbed lor beet worked down weli, but sovring
was delayed in the hope of rain. The yield of roots and the sugar
content were lo\y and there was more weight of tops than oI roots.
The clover plant was thick and even, all.d looked well in spring.
However growth during the su[lmer was very slow and the crop
was not cut until the end oI June. The wheat stubble was ploughed
early so that a second ploughiag for potatoes could be made later.
The rye crop to be ploughed in as green rlanure was omitted this
year so that better tilth could be obtained Ior potatoes. A good
tilth was obtained and the crop looked well throughout the season.
Yields were about average despite the dry seasou. Barley and rye
was drilled under good conditions and good growth was maintained
throughout the season. Yields of grail were well above average
but straw yields were low, there behg more weight oI Srain than
of straw in the barley crop.

Thr*-Curse Rolotiorj. (Straw and Adco.) The green manure
crops were omitted this year for the Iirst time. In past years these
crops were ploughed in shortly before sowing, and as the last plough-
ing prevented much weathering action on the soil good seedbeds
werC difficult to obtain. This year instead of ploughing eacb
break as it was cleared, the ploughing was delayed rmtil the wbole
area was cleared a.nd then the ploughing was done across the usual
direction of ploughing. This will be the procedure adopted in
{utu.re years. All tbree breaks were partly worked down together
in early spring, and good tilths were obtained for barley aBd Potatoes.
These crops did very \,vell tb-roughout the season and gave excellent
yields. The sugar beet break was not worked dowtr to the fil.al
seedbed until much later, and by this time the soil had tlried out.
The plaqt bad a poor start and there were many gaps. Growth
throughout the season was slow but lelds \yere Iower than were
estimated owing to tbe high proportion oI tops.

Thrcc-Cowso Rdalion. (Cultivation.) This experiment was
stigbtly modified this year. Each of the ttuee methods of cul-
tivating the gound \vas done at the most suitable time, and not all
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at the same time as hitherto. The usual shallow ploughing of the
wheat stubble was attempted but had to be abandtned-. On some
plots the plough sank in deep and on others it would not enter the
soil. The area was therefore cultivated both wavs and the rubbish
p1 led out was carted off. Ploughing for manlolG was done in
the winter, and the cultivator was used twice irr tate winter. The
rotarJr cultivation rras delayed until mid-May as the tround was
too hard for the Si[tar. Germhation and gTowth were very slow,
and weeds were thick in the rotarv cultivated ptot. Yields were
very poor. For wheat the ploughing and tine cultivation were
done earlier than usual, and the tine cultivation was repeated
shortly before drilling. The rotary cultivation was done iusi prior
to seeding. Much of the seed wai taken by birds, and tdrougiout
the season the plant looked poor, thin and weedy. - The
rotary and--titte cultivated plots were most weedy, the iloughedplots standing out as better, taller and thick'er plants th
fe\f,er weeds. On the barley break the eastem row of plots came
through badly and they would bave been redrilled had'rain come.
The_ ploughed plots seemed the most darnaged. The western row
of plots came throwh Iairly well, but at harv;st both ears and straw
were short. The eastem row reurained thin and backward and
riyxned late. Over the whole break the rotary cultivated plots
seemed most forurard throughout the season ind they ripened
earlier. This is bome out in j,ields, though the vields of'grai'n and
straw were lor,9,

Atnual Erf*ine&s
Whctl aflq dilldent Zays. The crop looked well throughout the

season and plot differences were soonhoticeable. The plots after
the ryegra-ss ley were noticably more backrp.ard and y6[ow. All
plots yielded wel[, the best treatments lelding up td 64 bushels
Per acre-

Kal9. 'lbe experiment testing town re{use with sulphate of
rmmonia and dung was only slghtly attacked by flea bee[le and a
good plant was lefr. Growth was maintained until late in the season.

The Iirst sowing oI the experiment testiag various forms oI
organic manure was destroyed by flea bee es, but the second
sowing suwived. Groldh was slow but the discoloration of the
plant noticed last year on this e{periment did not re-appear.

Sugar Beet. The laad was ploughed early but the ground
dried out before a tilth was obtaiaed, and sowing was therelore
delayed. Sowing finaUy took place on a rather rough tilth but a
iair plant cime through. An even plart was left ifter singling,
which Erew until late in the season. There was good growth of tops
but roots were rather small and fangy. The roots averaged near-ly
I tons per acre of rashed b€et, while tops averaged 15 toni per acri.
The sugar coDtent was low (average 15.6%, but bolters were
almost entirely abseut.

Pobtaes. The land was ploughed rather late but worked down
to quite a good tilth. The ptants ca.me through well and good
trowth was rnaintained despite the &ought. The crop was not
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sprayed but only a few of the tubers were blighted. yields were
good, the best treatments yielding up to lE to-ns Der acre with an
average of l2l tons per acre, and the proportion oi ware was hieh
- Clwer. The plant in Great Harpenden field was rather tfiin
but was spread evenly over the wh-ole area. Little sroMh was
made untill_ate May and then the crop grew fairly fast. 

*The 
ground

became rvell covered and there were-viry few weeds. Cuttiie was
delayed until early July, and a fair cut ;as obtained.

N on-exlerimedal Crcllir.g, 7937-8

The non-experimental com crops were affected bv the sorine
drought but the rain which tell atihe end of Mav bio"elrt it-ii
an immediate change in the crops. The crom lo;ked w;ll durins
ttre renainder of the season and only one filtd was lodeed. ThE
lelds were higher than were expected as the straw was"senerallv
rather short, the oat straw be-ing especially short. Th"e whea"t
averaged 54 bushels per acre, the barley 64 busbels per acre and
the spring oats 74 bushels per acre. All trops except t'he oats nere
threshed and sold before the end of September. 

-

The winter beans which were plougied in with dune in Great
Harpenden field looked well forwaid and clean until lui'v. but the
crop was then attacked by bean aphis. The beans 

-weie 
too tatl

to allow spraying and the attack rin its course. but the vield was
reduced by about half. The part of the field under sorins bear,.
did poorly as the drought severely retarded erourth.'Th"e aohis
first attacked the spring beans and'spread from-them to the wii.rter
sop.

Litt! Hoos field was ploughed up late after Iolded kale and was
too hard to work down until the miadle of May. It was drilled. on
May 23rd with Abed Kenia barley, a quick drowins varietv virh
a stiff straw. Growth was rapid ior the firsi few ieeks bu"t then
slowed down, and had stoplrd completely by earlv Tuly. Althoush
the plants were only 6 inches to 8 inches high thiv sh6wed sierrs-of
qmrlg hto ear, and the crop was therefore fdlded off *ith ,t eEp fo,
which there was no other keeo-

The kale plant on the various fields was attacked bv flea-beetle
which severely thinned the plant. However. enoush'was left to
warant leaving the crop and healy doses of sulphaie of ammonia
were given to hasten growth. Pait of the plani on Foster,s field
was completely destroyed and had to be re-jowr. Growth durine
the autumn was rapid but much \yas destroved bv frosts anf,
pigeons during the very cold spell late in IgB8. The heaw doses
of sulphate of ammonia appeared to make the kale more susieptible
to damage by frost. Long Hoos VII which had received 2d tons
ol compost lxr acre in addition to nitrogen gave the best vield.

The non-experimental porato land worked down quite iell and
growth throughout the summer was good. The rairr- which lell in
August kept the hautns green longer than usual. and liftine was
delayed by ra.in early in October. Yields were ouite eood and ontv
the King Edward VII variety was attacked io an"v aopreciablL
extent by late blight. Selling prices throughout the winier were
very lo\r.

E
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High Ficld Grazhg Exlerinad
This experiment is designed to compare the manurial value oI

feeding stuffs fed to slock on grassland with the convenlional
estirnates of the manurial value oI the cake, applied as fertilisers.
The arrangement is described on page 25 of the 1937 Station Report.
The season 193? was used to develop technique and to conduct a
miformity trial on all the plots, while the 1938 season was the first
in which experimental treatments were given.

Before grazing commenced two extra strands of wire were added
to the Iences to make them completely stockproof, and eight cages
were put on each plot so that samples of the herbage for botanical
analysis could be taken later in the season.

The plots were grazed from the end oI April until mid-June,
the rate of stocking being adjusted on each plot to suit tbe growth
of grass. During this period 828 lbs. each of flaked maize and
udecorticated cotton cake was fed on each " cake " plot. The
stock was removed ov/ing to shortage of grass. All plots remained
empty until mid August and were then Bxazed with varying densities
of stock until October 4th when the plots were cleared Ior the
season. During the second grazing period 1,650 lbs. of each flaked
maize and decorticated Sroundnut cake was fed on each " cake "
plot. In order to get the amout of cake fed close to the amount
wbich would be fed in a year with a normal growth of grass, the two
" cake " plots were grazed more heavily than the trass warrarted.

The stock used this season were forward blue-grey bullocks
on the plots receiving cake, and blue-grey heifers on the other
plots. The sheep used were Hallbred ewe tegs.

EshTla Wo*
The badly overhanging trees around Appletree field have been

severely lopped and trimmed.
A new automatic electric water pump has been installed at the

well, and has been suitably housed. There is a pressure tank at
ground level which has enabled us to dispense with the two unsightly
water towers, Water has been laid on from the farm to the two
cottages on the Redboum Road.

The foundation o{ the Roman Temple and surrourding wall
near the buildings have been built up ia cement to prevent dis-
integration, and the surrounding area ha^s beerr levelled off,

Crssslatd
The grass remained very green throughout the winter but very

little earl!'growth rras made. Most of the fields were harrowed in
the spring. The most serious effect of the drought was on tbe grassland.
There was no flush of grass irl the spring, and during the surruner the
g:ass made but very little Srowth. Full winter rations, iacluding
ha1', were fed to cattle into May, and ewes with lambs had to be
{ed until the end o{ May, four weeks longer than usual. Owing to
the shortage of grass no fields were shut for hay and none of the
Iields required topping as the stock ate the flowering heads. How-
ever the mower lvas put over most fields to cut thistles. Thef,e was
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19 _grass or aftermath for the lambs after weaning so they were
folded on a late sown crop of barley which had stopped growing.
The grassland remained baie until laie September tui iapij growtl
then took place. The fields were more lreen in October tf,an at
any time during the summer.

Lhestoch

Horscs. Two horses have been disposed of owing to advancing
age, and_ two useful young horses have been bought to replaci
them. There are now three teams. all fairly young horses: two of
the teams are Suflolks and the third tearn- are irossbred horses
which are only worked together at busy periods.

Cattk. The Kerry heifers which were bulled to calve in tbe
spring of 1938 were out-wintered, and reccived onlv Door aualitv
hay, but they remained in fair condition. They catved dor,r,ri earli.
in the summer and did their calves quite weli on the little grass
lhgy haq. The heifers were bulled agiin to calve in the spriig oI
1939. The calves were weaned early in November into a fiatd frth
a covered shelter, but during the rough weather late in lg38 the).
were btought into covered yards. They were tumed out at th;
end of March, 1939, and theiifood was gridually stopped. Between
weaning and t urning out they received an averige of 4 lb. per head
per-day ot a concentrate ration in addition to hay. They were sold
earlf in May and fetched fl3 5s. 0d. each.

The-Blue-Grey heifers frbm the High Field $azing experiment
were taken over by the farm when thCy came ott ttrJplois.

SW-i_.-qlyFg to the large number of lambs sold by October
Ist, 1937 (217 had been soldJ we had rather more kale-thaa was
needed for winter keep, so 90 store tegs were purchased and fattened
off on the kale with ihe remainder o-f our own tegs. All were sold
by early February before prices dropped.

F-or the 1938 lamb crop Hampshire riuns were used on the
Hallbred ewes. Hay and 6eet tois were fed until January and
then the ewes were f6lded on kale eich day. Lambing s"tarted'at the
end of Febmary and concentrate feeding was corrinenced as the
ertres. went irto the lambing field. Weather conditions during
lambing were almost ideal, ard both ewes and lambs did well-.
O{ nearly.25O ewes lambed only 3 died through lambing. The
lind lambing ligure for the Hallbred ewes was ISZ per cen1. 216
of_tbe 1938 lamb crop had been sold by the end of Septernber, but
pnces were very much lower than in past years.

The Suffolli ewes purchased in thi autimn of l9B7 were sold
1fter {ealilg their lambs. The ewes were rather disappointing in
that their lambs sere very small ard their lambiag 

-perceniige

was only 120. The ewes seemed more liable to -fo-ot 
trouble

than.did the Hal{breds, and they did not appear suitable to our
condltlons and requirements.

?dgs. During -the early winter months the old cow statrdirgs
atrd old manure shed were converted into farrowins oens- and tie
litters reared in them did far better rban did those"ii the piggery.
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The fattmirg pigs did fatuly well during the summer and sales
for the year tottUed 297. Owing to the unsatisfactory housing
conditions it was decided to disperse the herd, and all the sows were
sold. The fattening pigs were kept on until most of them had
reached bacon weight. A new herd will be started immediately
new housing is provided.

Siozzs. No entries were made at aay of the Agricultural Shows
during the year. At the Redbourn A$icultual ComPetitions
C. Mepham ind F. Stokes were both placed for their horse PlouSh-
ing, and they secured first and second places respectively for
tuinout, Mepha.m also being reserve champion for the best turnout
in the field.

Stoff. A. F. Howell, the larm recorder, left iu September, 1938,

and G. W. Wilcock was appointed to the Post.

I mllertettts
The following implements have been Presented or loaned to the

farm by the manuJatturers. The {irms to wbom we are indebted
are as follows :

Cooper, McDougall & Robertson,
Ltd. Sheep diPPer.

Allen & Sirnmontls, Ltd.
Bamfords, Ltd.
E. H. Bentall & Co., Ltd.
Blackstone & Co., Ltd.
Cooch & Sons.

Motor hoe.
Hay machinery.
Cake breaker.
Srathe turner.
Potato sorter.

Spraying machinery.

Sheep shearing rnachine.
Rubber wheels.
Grass seed broadcaster.
Electric motors.

Cooper, Pegler & Co., Ltd.
The Cooper-Stewart Engineering

Co., Ltd.
Dunlop Rubber Co., Ltd.
R- G. Garvie & Sons.
General Electric Co.
Harrison, McGregor & Co., Ltd. Root pulper, nanure distributor.
R. A. Lister & Co., Ltd. Otl""ill1, sheep shearins

Parmiter & Sons, Ltd. Rake and harrows.
Ransomes, Sims & Jefferies, Ltd- Ploughs, cultivators, Srass

reiuvenator.

J. Wallace & Sons, Ltd. Manure sower, Potato planter'
i. Wtaer. Pitch-Pole harrows.
iry. A- Wood & Co., Ltd. Mower, spring tire harrows.
The Harvest Saver & ImPlement

Co. Prime Electrical Fence.
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, METEOROLOGICAL OBSERVATIONS

Meteorological observations have been systematically made ai
Rothamsted Ior many years; these records are being used in the
Statistical Department in interpreting crop records. The Station
has co-operated in the Agricultural Meteorological Scheme since its
inauguratior by the Ministry ol Agriculture in 1926, and possesses
all the equipment required of a CropWeather Station.

The following observations under this scheme are taken dailv,
at I a.m. G.M.T. :

Tcmlcrolures---+aaxirtum and minimum in screen, minimum
oo grass, 4 inches and 8 inches under bare soil, dry and wet bulb
in screen ; Raittfall.-4-itch garge ; Surshiw-duration by
Campbell-Stokes recorder ; Weathcr-Beatfort lelterc ; Wind

-direction and force ; VisiUility ; Stnte of growtd.
These, together with notes and observations oI crop gro\trth, are

used in drawing up the weekly statement Ior the purpose of the
Crop Weather Report of the Ministry of Agriculture.

The above observations are supplemented by the following
records, for the use of the Meteorologcal Office :

Balorster and, attachd Thermometer ; Solor r a*irfiirrr* ;
TemPeroture-l foot under bare soil: Cloud---amou , form and
direction; Stnshine-hotrly values of duration. With the
exception of the last, all these observations are also taken at
I a.m. G.M.T.

The following additional observations are also made, to maintain
the continuity of the Rothamsted meteorological records :

Tenluahfies *tder gruss at 4 inches, 8 inches, aJrd I foot,
taken at 9 a.m. G.M.T. ', Witd-4itedion and Iorce at 3 p-m.
and I p.m., G.M.T., taken fron chart of recording anemo-
biagtaph ; Ral'lr,fall--5-ir.ct. gauge taken at 9 a.m. G.M.T.

Radiatiott.-4. Callendar Radiation Recorder (on loan from the
Imperial College of Science) gives a continuous record of the radiant
energy falting on a receiver situated on the roo{ ol the laboratory.
The records are compared with those {or South Kensington, and are
also used in plant physiological studies in the Station. A Gorczlmski
Radiometer Ior rneasuring the radiant energy of the sun has also
been installed, urtder the Agricultural Meteorological Scheme.

RafufalJ atil Drubnge.---The rain falling on one-thousandth
oI an acre is collected in the big gauge erected by Lawes in 1871.
Samples oI the water are analysed in order to ascertain its nutrieut
value.

Tbree drain gauges, each of one-thousandth of an acre in area,
originally installed bv Lawes in 1870, and fitted with continuous
recorders in 1926, give the drainage tfuough 20 inches,40 inches,
and 60 incbes of uncropped and undisturbed soil. A continuously
recording Ginch gauge is used in conjruction with these.

.DiscootiDued October, 1935.
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Ewf oralio*.--:f\e amount of water that evaPorates in 24 hours
from a porous porcelain candle dipping into a boltle of watei is
measured daily by the loss in weight. This measurement has been
found to give a good general indication of the " drling power "
oI the atmosphere during rainless periods which, being controlled
by wiad, railiation and humidity, is dificult to compute from
standard data.

Atmoslhcric Pallulion.-A gauge for measurhg the amount of
solid matter deposited from the atmosphere has been ir use for
some years in connection with the scheme of observations aranged
by the Atmospheric Pollution Research Committee oI the Depart-
ment of Scientific and Industrial Research. In February, 1933, a
gauge for measuring atmospheric sulphur diodde was also set up.
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