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TEMPORARY WORKERS, 1925 aad 1926

In addition to those temporary workers recorded in the List
ot Staff, the following have worked at the Station for various
periods during the two years 1926 aod 1996:-

Srtr Orrtcnr,r.y By GoVERNMENTS aND CoRpoRATIors:

(l) Frcn Grcot Britain and the Ernphe-
tlinistty of Agticulttne Scholar: Dr. R. C. Fisher,

R. P. Hobson, A. W. Greenhill, W. Williams.
Colonial Offce Agticultttal Olli.cets ancl Sc[olors: R.

Coull (Cold Coast), J. E. James (Nigeria), R- 'I'.
Wickham (Uganda); K. T. Harttey, A. D. iograms,
B. c. Owen (Scholars).

Foteigt Ofice: R. E. Massey lSudao).
Conodion Goaemment: F. H. Edmuods
Indian Gotentmenl: D. V. Bal (Central provinces), Dr.

A. N. Puri (Punjab Drainage Board Scholar), H. S.
Rau (Madras), Dr. R. D. Rege (Gairo Sarswat-
B-rahmin Scholar), Prof. N. Gangulee (Calcurta
University).

Atsttalian Gooerrunenl: Dr. Ethel I\{clennan.
Rhodesian Gotenment i R: McChlery.
British Cottot Inihrstfy Reseorch Association: L. H. C.

Tippett.
Entpite Cotton Groa,ing Corporation Ollicerc and,

Scholars : Dr. 1'. G. Mason; D. W, H. Baker, A. R.
Keast (Scholars).

Messrs. Nitram, Lttl. ; G. E. Blackman, H. C. Givan,
H. H. Wiles.

(21 Frcm Forcign Counlties-
International Education Board Fellows (New Ygrk):

Dr. F. Chodat (Switzerland) ; Prof. U. pratolonlo
(Italy) ; Dr. C. E. Skinner (America).

Guggenheim Fellowship: Prof. R. ' N. Chapman
(America),

Denmorh: Dr. A. J. Pederson.
Egf?t I M. A. Sabet.
Ftonce : B. Trouvelot.
lopan : Prof. l. Ohga.
.Rassio : Prof. .W. 

Elpatiewski, Dr. A. Richter.
Srom : W. R. Ladell.
Sueden: A. Ad.od"..

Voluntary lls1fus15 i-
R. L. Amgore, P. R. Anselt, Dr. C. W. B. Arnold, Miss

L. Beanland, S. F. Benton, P. Cardoso (Nigeria),
A. Catley (Australia), C. E. Elms, J. G. H- Frew,
S. H. Gudgin, Dr. E. H. Hazelhofr (Holland),
O. V. S. Heath, H. C. H. Kearns, C. S. Morris,
H. T. Pagden, B. S. Sawhney (India), H. Thread-
gold.

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-1-84 pp 12

1l

Publications of the
frotham sted E xp erimental Station

For Farmers
"THE BooK oF rsr RornaustED EXPERTMENTS." by Sir A. D.

Hall, tr{.A. (Oxon.), F.R.S., Third Edition revised by Sir E.

J. Russell, D.Sc., F.R.S. John lturray, 50 Albemarle Street,
I-ondon, \[.] (in prcparation).

" XIANURTNG FoR HTGHER Cnop PnooucrroN," by E. J. Russelt.

1917. The I-,hiversit5, Press, Cambridge. 5/6.

" WEEDS oF FARMLAND," by Wirifred li. Brenchley, D.Sc.,
F.L.S. 1920. Longmars, Green & Co., 39 Patcrnoster
Row, London, 8.C.4. 1216.

" FARlr SorL AND ITS I pRovEnrNr," by E. J. Russell, 1923.

Emest Benn, Ltd., 8 Bouverie Street, I-ondon, 8.C.1. 716.

RoTHAMSTED CoNFERENCE REPoRTS; being papers by practical
farmers and scientific experts (1/6 each) :

" Tsr trIaNurusc oF PorAToES."

" TnB GnowrNc op Lucrnxr."
" THE CULTURE .{ND IIIANURTNG or Fonorn Cnops."
..GREEN MANURING; ITS POSSIBILITIES AND LIMITATIONS IN

PRAcrrcE." 2/-.

" Trrs Cul-runs A.\-D II-\NURTNG or Sucrn Bser-" 216.
Ernest Benn, Ltd., 8 Bouverie Street, London, E.C.4.;
or from the Secretar)', Rothamsted Experimental
Station, Harpenden, Herl s.

For Students arrd. Agriculturdl Experts
" THE RorHArlrsrED XIEMoTRS oN AGRTCULTURAL ScrsNcn,"

Quarto Series, vols. 1-3 (1859-f883), 20/- each. Octavo,
vols. l-7 (1847-1898), 30/- each. Royal octavo, vol. 8 (1900-
l9I2), vol. I (1909-1916), vol. lO (l9lGl920), vol. lI (1920-
lS22\, ?216 each, vol. 12 (1922-f525), 33/6. Postage extra.
Obtainable from the Secretary, Rothamsted Experimeutal
Station, Harpenden, Herts.

"THE RoTHAMSTED trIoNocRApES oN AcmcuLTuner ScEnce,"
edited by Sir E. J. Russell, D.Sc., F.R.S.

" SorL CoNDrrroNS AND PLANa Gnowru," by E. J, Russell.
FiIti Edition, 1926. I-ongmans, Green & Co., 39 Pater-
noster Row, London, E.C.4. l8/-.
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" TnB Mrcno-OncA]{rsus oF rne Sorr," by E. J. Russell and
Staff of ttre Rotharnsted Expertnental Statioa, 1923.
I-ongmaas, Green & Co., 39 Paternoster Row, London,
E.C.4. 716.

" MeNunrNc oF GRAssr-aND non Hev," by Winifred E.
Brend ey, D.Sc. 1924. Longrnans, Green & Co., 39
Patemoster Row, London, D-C.4. 1216.

" A Lrsr oF BRrTrsH Apnrons " (including lot€s on their
recorded distribution and food-plants in Britain, ard a
{ood-plant index), by J. Davidson, D.Sc., F.L.S. 1925.
I-ongrnans, Gre'en & Co., 39 Paternoster Row, Londoa,
E.C.4. 1216.

" PLANr NurRrrroN AND CRop PnooucrroN " (being the Ilitchcock
kctures, 1924, University of Califomia), by Sir E. J. Russell,
D.Sc., F.R.S. The University of Calilornia Press and ttre
University Pres, Cambridge. 12/6.

" INoncexrc PLANr PorsoNS aNo SrruuleNrs," by Winifred E.
Brenchley, Second Edition, revised and enlarged, 1927. The
University Press, Cambridge. 10/6.

" A GENERAL TExrBoox or Exrouorocv," by A. D. rmms, M.A-,
D.Sc. 1925. Methuen & Co., Essex Street, Strand, Irndon,
w.c.2. 36/-.

" SrATrsTrcAL METHoDS ron Rrssencn WoRrERS," by R. A,
Fisher, M.A., Sc.D. 1925. Oliver & Boyd, Edinburgh. f5/-.

" Tgr CouposrttoN AND DrsrRrBUTroN oF TIrE PnorozoeN FeuNe
or rrrE SorL," By H. Sandon, B.A. 1927. Oliver & Boyd,
Edinburgh. l5f.

The following are obtainable from the Secretary, Rothamsted
Experimental Station, Harpenden, Herts:-
.. AGRICULTURAL IN1BSTIGATIONS AT ROTHAMSTED, ENGLAND,

DURTNG A Prnroo or 50 Ynens," by Sir Joseph Henry
Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6.

" GurDE To rEE EXpERTMENTAL Prorg RoruaustrD EXPERT-

MENTAL SrATroN, HARPENDEN." 1913. John Murray;
50 Albemarle Street, W. l/-.

" PLANS aND DATA or TEr ExpBRTMENTAT Plors." f925. 6d.

" CATALocuE oF Jounrers AND PEHoDIcAts tt rsr Rorgeu-
srED LTBRARY." lS2l. 216.

" A DEScRrparrlD CererocuB oF PRTNTED Booxs or,r Acnr-
CULTURE FRoM l47l To 1840, CoNTATNED IN IIrE
Rorxerasrco Lrnnarv," (including biographical notice
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oI the authon and short decriptions of the impor-
tant bools). 1925. $f pP' 22 illustrations. Cloth
cover, l2/-; paPr cover, l0/-' Packing and postage

extra :-British Isle, 9d. ; Overseas Dominions and other
couatries, I /3.

For tse it Farrn Institutes
" A SruorNr's Boox ox Sors erro Mexunrs," by E. J. Russell.

1919. The University Press' Cambridge. 8f.

For use it Schools

" LEssoNs oN SorL," by E. J. Russell. 1912. The University
Press, Cambridge. 3/-.

For General Readers

"Tnr Frnrrury or tue SoIl," by E. J. Russell. 1913. The

University Press, Cambridge. 4/-.

" Txr PosslsrrrrrEs oF BRTTISH AcRrcuLruRE," by Sir Henry
Rcw, K.C.B., and Sir E. J. Russell, D'Sc., F.R.S. 1923

Jobn Murrar 5O Atbemarle Street, Irndon, W.f . 8d.

" PERSoNAT- REMINTscENcEs or RoflteMstso EXPERTMENTAL

SrAfloN," 1872-1522, by E' Grey, formerly Superintend€nt

oI the Experimental Fields. 5l-. Obtairable from the
Secretary, Rottramsted Experirnental Station, Harpenden,

Herb,

Other Books b! Members of the Staff
" EvoLUTroN, HEREDITY AND VARTATIoN," by D. W. Cutler,

M.A., F.L.S. 1925. Christophen, 22 Bemen Stre€t, Irndon,
w.r. 4/6.

Mezz,otint Engraoings
Mezzotint E"Sra"i"g. oI Portraits of the Founders of the Station,

Sir J. B. Lawes (H. Herkomer) and Sir J. H. Gilbert (F. O.

Salisbury), by Julia Clutterbuck, A.R.E.
Signed Engraver's Prools on India Paper, f4 4s. each.

Ordinary kttered Proofs on hand-made paper, f2 2s. each.

To be obtained from the S€cretary, Rothamsted ExPerimental

Station, Harpende!, Herts.
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INTRODUCTION

The Rothamsted Experimental Station was founded in 1843
by the late Sir J. B. Lawes, with whom was associated Sir J. B-
Gilbert for a pcriod of nearly 60 years. Lau-es died in 1900 and
Gilbert io l90l; they were succeeded by Sir A- D. Hall from 1902
to I912, when the present Director, Sir E. J. Russell, was
appointed,

For many years the work was maintaioed entirely at the
expense of Sir J. B. Larves, at first by direct payment, aod from
1899 onwards out of ao income of 42,400 arising from the endow-
ment fund of 3100,000 given by him to the Lawes Agricultural
Trust. Io l90l the Society for extending. the Rothamsted
Experimeots rvas instituted for the purpose of providing funds for
expaosion. In 1906 ]Ir. J, F. Nlason built the Bacteriological
l-aboratory; in 1907 the (ioldsmiths' Company generously pro-
vided a furtlrer endowmeot of J.10,000, the iocome of which is
to be devoted to the investigation of the soil, thus raising the
total income of the Statioq to 92,800, In 1911 the Development
Commissioners made their first grant to the Station. Since then
Government Srants have been made annually, and for the year
1925-26 the l\{inistry of Agriculture has made a grant ol !,27,156
for the work of the Station. Viscount Elvedeo, M,P., has gene-
rously borne the cost of a chemist for sludying farmyard manure
since l9l3 and has recently provided funds for the fitting up of a
Iaboratory r.orkshop, while Lady Ludlow, Sir Otto Beit, IUr.
Robert Mond, Mr. T. H. Riches, Mr. and Mrs. D. NlacAlister
and other donors have from time to time generously provided
funds for special apparatus and equipmcot. Nitram, Ltd.,
and the Fertiliser ]l.anufacturers' Association lointly defray
the cost of a Guide Demonstrator for the field plots, aod in
addition provide considerable funds for thc extension of
the work; the Chilean Nitrate Committee, the Potash Syndi-
cate, tr{essrs. Brunner Mond & Co., Fertilizer Sales, and other
firms, also give substantial assistance. The result is that the
Station is able to deal with problems aficcting.modern farming in
a far more complete manner than would otherwise be possibte.

The laboratories have been entirely rebuilt in receni years. The
main block was opened in 1919, and is devoted to the study of soil
and plant nutrition problems; a new block has been eretted for
plant pathology at a cost of.€21,135 provided by the Ministry of
Agriculture out of the Development Fund.
, Perhaps even more important has been tbe reorganisation

of the work of the Station so as to keep it in touch
with modern conditions of agriculture on the one side and
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of science oD the other, This was completed in the labora-
tories io 1922, on the Farm in 1924, aod on the field plots in 1926,
when the field laboratory w?s erected and the new methods of 6eld
experiment were adopted. Finally, in 1926 the International Edu-
cation Board, Rockefeller Foundation, generously 8'ave a gratrt of
E2,O0O tot the completion of the glass-houses provided tlle remain-
ing .91,000 oeeded should be obtained; this was done with th-e

help of the Ministry of Agriculture and of the Society for Extend-
ing the Rothamsted Experiments. The equipment of the Station
is oow exceptionally good.

The Library is steadily growing and nou' contains some 20,000
volumes dealing with agriculture and cognate subjects, The
Catalogue of the old printed books on agriculture has been pub-
lished, and every efiort is made to obtain any that we do llot
possess. A collectioo is also being made of prints of farm animals,
of old letters on agriculture, and farm account books. Many of
these lie in farmhouses, unused and inaccessible, oot in tbemselves
valuable, but often of great help to students of agricultural history
and economics when brought togetier as we are doing. Gifts
of books and documeDts to the Library rvill be greatly appre-
ciated.

The extension of the experimeots to various outside centres
in Great Britaio, begun in 1921, has proved so advaDtageous that
it has been developed, thanks to the grants of the Royal Agri-
cultural Society and the co-operation of the Institute of Brewing.
Not only is useful informatioo spread among farmers, but the
Station itself gains considerably by this closer associatioo r*ith
practical men. As part of this exteosion the Station has now,
with the coosent of His Grace rhe Duke of Bedford, takeo over
from Dr. J. A. Voelcker the lease of the Woburn Experimental
Farm, so that this now becomes a part of the Rothamsted
organisation, allowing us to make experiments simultaneously on
a light and on a heavy soil: a very advantageous arran8emeot.

1'he activities of Rothamsted, however, are not confined to
the British Islands, but are gradually spreading out to the Empire
and other countries abroad. The International Education Board
sends workers from all parts of the world to study in these labora-
tories. The Empire Cotton Growing Corporation has sioce 1923
made a grant of 41,000 per annum for the development of investi-
gations in Soil Physics, rvhile the Empire Llarketing Board has
recently invited the co-operatioo of the Station in solving certain
agricultural problems of Ireat importance to the Empire.
This side of the work is almost certaio to develop.
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REPORT FOR THE YEARS Lq25-26

'fhe purpose of the work at Rothamsted is to discover the
priociples underlyiog the great facts of agriculture and to put the
knowledge thr.rs gained into a form in which it can be uied bv
leachers, experts and farmers for the uoraisins. of countrv lifl
and the improvement of the standard of iarmin!- The criierion
by.w_hich the work is to be judged is its trustworrhiness ; if it
satisfies this condition it will assuredly find its place in farm prac-
tice, or as part of the material which teachers can use in cotintrv
schools, farm institutes and agricultural colleges for the education
of their pupils.

. The most fundamental part of agriculture is the production
of crops, and to this object most o1 the Rothamsted work is
devoted. 'l'he problems fall into three proups concerncd resoec_
tively with the cultivation of the soil, the feedine of the olint.
aod the maintenance of healrhy conditions of plani growth.'

The field work at Rothamsted for many years c-entred round
the effects of artificial manures and of farmlard manure io the
production of farm crops. The farmers of -Great 

Britain make
some J14,000,000 worth of farmyard manure each vear, and thev
spend on artiflcial manures a sum which is orobiblv'not ;;;t
short of .€8,000,000 a year. The waste of firmyard manure is
known to be considerable, and it is certain that tie artificials are
not used as well as they could be. Numerous measurements
indicale that onJy about 60 or ?0 per cent. of the nitrogen given
in artificial fertilisers is recovered in the crop; the rem"ainin"e 30
or 40 per cent. is wasted, It has been estimatid that the loss f-rom
waste of farmJard manure and of artificials in the soil represent;
a sum probably not less than some f8,000,000 or.f9,0O0;0OO per
aonum.

. The Rothamsted plots, while demonstrating lhe efiects of the
various artificial fertilisers on farm crops, arJnot in themselves
sumcient to afford guidance as to the molt suitable kind of manur_
ing lor any particular crop or soil tvpe. The influence of soil and
season on the effectiveness of manures is very considerable: work
is now being done to find out as much as posjibte about it. Three
methods are followed :

I. The Rothamsted experiments are repeated year after vear
on the same lines, and some <_if them on the iame land; the reiults
for the different seasons are then compared by propei statistical
methods.

2. Typical experiments are repeated on farms in difierent
parts of the couotry, the plan being kept uniform so that the
results can be compared.
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3. Detailed observations are taken of tlre rates and habits
of growth of crops grown under difierent treatments. Studies are
made of the szys in which these changes afiect crop productior
in different conditions.

Crop production is so ancient an art, a.od good farming
tradition embodies so much wisdom, as science has abundantly
proved, that the search for improvement is difficult. The most
troublesome problems at the present time a.e oD the arable land;
this is proved by the steadiness rvith which farmers are driven by
economic pressure to lay it down to grass. The grassland pro-
duces less than the arable, but it iovolves much less expenditure
and ofers more possibility of a profit. It is only the ordinary
arable culture, however, that is shrinking; intensified culture such
as that of potatoes, fruit, vegetables, and the nerv crop, suSar
beet, continues to expand; some of the data are as follows:-

1905-19t1.

Inlensiue Cro?s, increasing .

Potatoes
Sugar Beet
Orchards itr Eastem

Counties ... acres
SmaI lruit ifl Eastern

Counties ... acres

totrs.

r.Y.*
51,132

40,900

tons.

3,541,000
r 80,000

8I,136

44,329

tous.

4,20S,000
4.l(),u)o

8t,177

42,635

Otdilarj . Ci.lrbatiofi ,

Turnips atrd Swedeg
Wheat ...
IIay

18,230,000 16,013,000
1,412,000 1,414,000
8,973,000 ?,992,000

21,700,000
1,595,000
8,9t9,000

Apart from questions of marketing, which lie outside our
province, the greatest hope of improviog tie output from the
arable land is to increase the yield for a Biven amount of expendi-
ture or decrease the expenditure required to obtain the same yield.

FERTILISER INVESTIGATIONS.

One of the easiest ways of achieviog these purposes is to
make proper use of fertilisers. Nitrogenous manures increase
crop yields in almost every season and are the steadiest of all in
their action. In the two past years the average increases per
acre given by 1 cwt. Sulphate of Ammonia per acre have beeo:-

r920

I Lgl26.

l*",",** **
ll'"El'

7

| ,ru.
I Rolhctcd. OuEid.

I G!tB.

121
I n.u

l-
Potatoes
Barley
Oats...

6.25 I bushels.
bushels.

20

1 9l
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The barley and oat results of 1926 are wholly exceptiooal io
our experience, but the 1925 values are very similar to those given
in the last Report (1923-24, p. 16). More remarkable still, the
results obtained by Lemmermann in Germany are of the same
order as ours, showing a similarity of action in spite of the great
difierence io conditions. The average values he obtains are, per
crtr't. of Sulphate of Ammonia:-

Pbtatoes ...
Barley

... 20 c$,1.
4 cwt- or 8 bushels.

Phosphates and potassic fertilisers have much less regularity of
action: they do not always increase every crop, but where they
are effective they are of considerable value. Superpbosphate is a
sound investment for root crops; it may give little return in good
seasons when roots are plentiful, but it gives much needed
iocreases in bad seasons when roots are scarce; some of our yields
of swedes were, in tons per acre:-

1924.

No artifrcials
No phosphate, but only sulphates ot potas'fr'ana oi

r7.3

l9.r
20.6Phosphate in addition ...

In like manner potassic fertilisers are an insurance against
spring droughts for the potato crop (p. 22). Finally, rvherever
supplies of farmyard manure are restricted, the fertility of the soil
falls off considerably unless phosphatic and potassic fertilisers are
periodically added. This is shown in the following yields of
barley grown in the same field (Little Hoos), part of u.hich received
no phosphate while other plots received periodical dressings of
superphosphate :-

BUSiIELS PER ACRE,

ls09
191.1
t922

40.60

37.80

4.0
I4-0
t7.5

36.6

20.25

Much attention has been devoted to these special actions and
the investigation has been widened to include other substances
affecting the plant besides the fertilisers now recognised.

Recent experiments made in the laboratory and elsewhere
have shown that plant growth is afiected by three groups of sub-
stances :-

l. Those of which the plant is made: the nitrogeo, phos-
phorus, potassium, calcium, sulphur and other familiar con-
stituerts of the ordinary artificial fertilisers.

2. Some that help the plant utilise the above constituents,
making a slender ration go further, such as sodium, which helps

1920.

9.3
16.3
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in the utilisation of potassium, and silicoo, which increases the
effectiveness of phosphatic and, on some soils, potassic fertilisers,

3, Some lrecessary to start importanl processes in the plant,
including iron Ior the formation of greea chlorophyll, manganese
for essential oxidations, and boron for the normal development of
nodules on the roots of beans and certain other leguminous plants;
all these are wanted in minule quanrities only. Chlorides in larger
qLranlities influence the ripening processes.

Numerous experiments have been made to study this efiect
of chlorides on the formation of grain in cereals. Blrley receiv-
ing muriate oI ammonia producei a greater number of grains of
head corn size than barley receiving the same amount of nitrogen
as sulphate of ammonia; the figures are, in millions per acre*:-

0.9
t-6
0.3
1.4

1922
1923
1924
1925

r 7.I
10.5
12.0
12.3

r 8.9
17.3
16.7
15.1

19.8
18.9
17.0
16.5

i Obtained by combining rhc yields wirh the weight per l,OO0 corns.

The increased number is obtained even h 1922 aad, 1924,
&'hen there was little or no difierence in weight of the crop. The
effect is shown most clearlv bv muriatc of ammonia; it ij not so
distinct with mrriate of potaJh.

The chloride does not seem to increase the tillering, d.e., the
number of heads per plant; its action appareotlv is to increase the
number of grains per head by increasing either the number of
florets that become fertile or the number of grains that develop;
ordinarily many do not.

Further, the chloride does no1 increase the total growth of
the plant, it only alters the distributioc of the plant material,
sending more of it to the grain. The non-nitrogenous material
seems to be particularly affected, for the grain contains more of
it, and a lower percentage of nitrogen, than grain from barley
rer-eiving sulphate of ammonia. These effects are well seen in
the barley results of 1925 :-

3,926
3,932

r.597
1.585
1.552

No Nitxogetr ... ...
Sulphate oJ Ammoda
Muriate oI Amnonia

1,300
1,813

26.0

1,819 35.0

Other effects quile distinct from lhese appear to be produced
by something asso.iated r,,ith c_vanamide, on which an extended
investigatiun has bcen r.ommenced. Usually nitrog.enous fer-
tilisers in increasing rhe yield of grain also increase tlie lenglh of
the straw and so tend to " lay " the crop. [n this seison,s
experimenls, cyanamide, while increasing the grain as much as
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sulphate of ammonia, did not cause the straw to Srow so long.
Further, it caused more tillering, i.e., it increased the number of
heads per plant, though it produced no more grain than sulphate
of ammonia. It is improbable that the cyanamide itself brings
about these efiects as it quickly decomposes in the soil; some other
substance associated with it is more likely to be the agent.

These results seem to promise a way of obtainiog valuable
increases in grain crops. For if both the number of heads per
plant and the number of grains per head can be increased, tlle
ll.ay seems opcn to considerable increases in yield at only small
expense.

BenrrY'

The amouot of barley used for malting is steadily increasing,
the fall in the quaotity taken by distillers being more than counter-
balanced by the increased amouot taken by brewers. The figures
for the past three years for Great Britain and Northern Ireland
have been* :-

18,647,000
.19,174,000

19,347,000

r923
t921
ts25

10,742,000
rt,27 5,235
11,453,59I

3,212,502
3,105,525
3,056,601

13,985,302
r4,380,760
14,510,r92

* Ea.lier figures are not comparable sinc€ they include the whole of lreland.

Of these quantities it is estimated that 75 per cent. are home
grown. It is perhaps too much to hope that all the malting barley
could be produced in these islands, but the proportion could be
raised with advantage to the British farmer; the maltsters will
pay 501- to 70/- per quarter for barley, rvhich, if kept on the farm
and fed to animals, rvould be no better than grain purchased for
35/- per quarter.

The field experiments have, therefore, been made with malting
barley, and their purpose has bcen to discover the effects of soil,
climate and manure on the yield and quality of the grain. They
have been carried out under the Research Scheme of the Institute
of Brewing, of the Barley Committee of which the Director is
Chairman; the arrangcment has the great advantage that the
produce from each plot is examined in full detail by expert malt-
sters aod brewers.

The first series of experiments, carried out not only at
Rotbamsted, but on some 15 good barley growing farms in dif-
ferent parts of the country, led to the following conclusions:-

1. Soil and season are the main factors determining yield
and quality in barley. Conditions increasing the quantity per
acre of non-oitrogenous material (presunrably starch) in the grain
without correspondingly increasing the amount of nitrogen appear
also to be cooditions making for malting quality.

2. Sulphate of ammoDia io small quantities (1 cr!-t. per
acre) increased the number of tillers and the number bearing

DistillinA.
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grain; it also increased the yield of grain by about 5 bushels per
icre in all the seasons 1922-26, the effect being but little influ-
enced by season. On the average it slighdy raised the nitrogeo
conteot of the grain, but insuflicieotly to afiect the bu;ers' valua-
tioo-

The Institute of Brewing is going further into the question
whether the slighr change is of any significance in malting, and
for this.purpose 30 quarter samples of each cxperimental lot are
being obtained this year.

3. Lu.g"r quantities of nilrogenous manure may raise the
percentage ol nitiogen in the grain so much as to be perceptible
by the buyer: in consequencc the valuation falls.' 4. Superphosphari also increased lhe number of tillers, but
at most centres il had lirtlc eflect un yield, except in 1925, when
it commonly gave increases, and no recognisable effect on quality
or on percentage of nitrogen in the grain' On loams in the
Eastern Counties, however, it increased the yield and decreased
the percentage of nitrogen, In certain circumstances it appeared
to decrease the crop,

5, Sulphate of potash c4used little or no increase in yield;
indeed, at one centre there was a depression. It slightly lowered
the percentage of nitrogen in the grain, but had no efect oo the
weight of 1,000 corns or on valuation.

6. Muriate of ammonia, however, had the remarkable efiect
of increasing the number of grains of head corn per Plant,
apparently by increasing the number per head rather than the
number of heads. Its action seemed to be to move the material
more completely from the rest of the plant to the seed, for it gave
no increaie in total plant growth per acre (i.e., graio, straw,
cavings, and all the rest of the plant). It lowered the nitrogen
content of the grain and improved the valuation, A tabulated
summary of the Rothamsted results fqllows:-

No

1.187
1.629
l..u.l
1.649

tg22
1923
192r
t925

4l.L
40.0
39.r
40.0

t.ioz
t.617
1.43r
1.567

General ]Iean l.6l I

Phosphatic F ertiliser.

",,.$i... | ""*n"'

Nits8ld in Dry U.ii6.

"dt" |c".,,...
t922
t923
1924
1925

42.O
39.8
38.9
3$.?

1l.{
10.0
39.r
10.0

1.r60
L6S4
1..195
t.63ti

1.767
1.629
1.414
1.649

General Mea[ 40.0 40.1 l.6ls t.6ll

X itrogenous F ertiliser.

41.8
40.0
39.5
40.0

1.578 i
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Potassic Fertiliser

1922
1923
1924
1925

41.1
39.7

39.S

41.4
40.0
39.1
40.0

Nitrogo in Dry MattE.

| *''""'
r.767
1.629
1.4I4
1.649

1.774
1.663
1.45r
1.681

Getreral [Iean 1.61t

PorAToEs.

The potato crop is one of the most importaat in the country;
it occupies about half a million acres and forms a large item in
the annual value of British agricultural produce. Potatoes are
among tie few foods of which u'e produce practically all that we
consume.

Potato grolving tends to become highly specialised, and, as
in a1l specialised farming, the growers have a thorough know-
ledge of the peculiarities of the crop. Ordinary field experiments
are rarely accurate enough to give them useful information; we
have therefore used the new methods, which are oot only in them-
selves more accurate, but permit of the calculatioo of the degree
of trustwortiiness of the resuits,

The purpose of the experiments is to discover
l. the efiect of manures on rhe yield and quality of

potatoes;
2. the relation between the amount of fertiliser and the

crop yield.
'l'he fertilisers most studied are the nitrogen and potassium

compounds, and these necessitate a large number of plots; tlere
have been very few experiments with superphosphate, although
it forms the basis of most potato manures.

The nitrogen fertilisers are usually the most consisteot in
their action, giving every year, with rare exceptions, an increase
of about 20 cuts- of potatoes per cwt- of sulphate of ammonia,
whatever the season and whether farmyard manure has been given
or not. The increases have been, in cwts. of potatoes per cwt.
of sulphate of ammonia applied: -

1922.
20

40.0 1.611

1923. t92+. t925. 1926.
20 20 25

The data suggest that potassic fertilisers are a good insur-
ance against loss by spring droughts. On our farm-we have
not the necessary data for others there is curiously little varia-
tion from season to season in the maximum yield of potatoes
obtainable by appropriate manuring. Our maximum is 11 to 13
tons per acre and the yields of these plots have been between these
limits in each of the four years 1923 to 1926 inclusive. Usually
4 cwts. sulphate of ammonia and 4 cwts. sulphate of potash pe'r
acre are necessary to secure the maximum crop. Economy of
either ammonia or potash reduces the yield, trut the efiect depinds

:::l
:::l
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on the season; cutting down the ammonia did more harm tian
cutting down the potalh in 1926, but less harm in 1925'

Muriate of potash is cheaper than sulphate of potash and
for this reason is used in preference by some grorvers; it is also
put into many potato " compound fertilisers. " At Rothamsted
it is practically as effective as the sulphate, especially where little
or no farmyard manure is given; there is a seasonal factor, and
1923 was especially favourable. The yields have been, in tons

Per acre:-

No Potash
SuLDhate or Pot4h
Mn;at or PotEh
lrw Grade Potash Salls ..-

1'he second cv"-t. of sulphate of ammonia was more efiective
lhao the frrst in 1926, but less efitctive in 1923 and 1924; the
third and fourth cwts. were less effective than the second, but
still profitable. For potassic fertilisers the returns are usually
less ionsistent and they are much affected by the season and by
farmyard manure. The crop increases per cwt. sulphate of potash
haye been in cwts. per acre: -

40 to 46
20; zs

9.45
11.36
1t.52
r0.97

9.62
9.49
9.36

l0

16

10
0

Farmyard manure reduces the efectiveness of potassic fer-
tilisers by about one-half. Seasonal factors cause even greater
fluctuations; 1922, 1925 and 1926 rvere pre-eminently potash years,
1924 was not; 1913 came in between. The inefiective year, 7924,
had a very wct sprinS; in the effeclive years the spring was dry.
In 1923, lhe year of intermediate effecliveness, the summer was
rvarm and bright; in 1922, 1925 and 1926, the most efiective years,
it was cold and wet. The rainfall and sunshine data are:-

124

5ls
544
578
768
603

Spriog, I July-Oct.

10.13
13.02
7.79

12.88
13.66

HotrF of Sn.siitre.

Spiins. I Jdl o.r.
May&Jue. I incl6iw.

t922
1925
1926
I923
1524

2.16
2.45
4.67
2.17

509
464
334
242
391

Efiec1lve.

I-ess Efiective.
Non-Efiective.

r 1,10
12.1i
13.:S
I0..18

9.03
955
0.21
9.49

I ,"{tI 4.36
I 8.82

19ilr. I 1926.

No

1922. I 1923. 1921. l9:5. 1926.

Rotha.msted :

No duag given
Dung givea ...

58
20

ODt-side Certres :

No dunS give0
Dung given ...

53
38
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The effect of manures on quality is difficult to determine.
Skilled salesmen have usually been unable to discriminate bet&.een
potatoes Irown with sulphate of potash and those grown with
muriate of ammonia or potash. Cookiog tests of the 1922 crops
were in favour of the sulphate, and there is a common opinion that
the sulphate is the better for giving quality.

Chemical examination of the tubers from the various plots
has been made each year, but has so far thrown little light on this
problem of quality, The percentage of dry matter in tbe tubers
is highest on the unmanured plots; it is lou'ered by manuring with
farmyard manure and still more by adding potassic fertilisers
along u,ith the dung. In absence of dung sulphate of potash has
usually increased the amount of dry matter while the muriate has
decreased it. The proportion of starch irr the dry matter is much
affectcd by seasonal factors and no consistent efiect of fertilisers
can be traced; farmyard manure lowered it in 1922 and 1924, but
raised it in 1923, a year rvhen it had but little efect on yield,
Potassic fertilisers alrlr,-ays increased the percentage of starch in
absence of farmyard manure, but somewhat lowered the per-
centage in presence of farmyard manure; the sulphate was more
efiectiye than the muriate io absence of farmyard manure.

Tne Mer.runrNc oF GRASsLAND.

The experiments on the manuring of grassland with basic
slag have been continued both at Rothamsted and at certain out-
side centres. Three slags of different solubility were compared
on new seeds ley, old hay, aod grazing land, sheep being the
animals used for grazing.

'fhe results show that solubility is a fairly good criterion of
effectiveoess; the high soluble slag was better than the medium,
and this better than the low soluble. Apparendy the difierence
is not simply in the amount of phosphate present; an increase in
the dressing of low soluble slag does not make it equal to the
high soluble slag; the two slags behave as if they were difierent
substances. The lou' soluble slag seems to have distinct value
in moist conditions, but not in drier districts.

The experiment on new seeds ley was made at Brooke, near
Norwich, and the one on old hay at Enmore, in Somerset; both
were by the new methods. The results were, in tons per acre:-

Statrdard Error

No Phosphate ...
l-ow Soluble Slag
Medium Soluble Slag
High Soluble Slag

2.28 100
2.2a 100
2.31 10I
2.65 116

1.37
1.49
1.59
1.53

100
109

6
112

The grazing experimeots are more difficult to carry out, and
the new methods cannot be used orving to the great difficulty of
setting'up an adequate number oI replicate plots. The liability to

J'"r" I **".
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error is increased by the irregularities of the pasture, tle inequali-
ties among- the sheep, and the fact that the land must be very
closely grazed or the herbage becomes too coarse to nourish the
sheep, This close graziog is very important; at one centre the
sheep did worse on the slagged land than oo the unmanured,
simply because the STass grew too much for tiem. In conse-
quence the graziog results are not as sharp as those on arable or
hay land, where the errors are much smaller.

The Rothamsted grazing plots, r.,-hich vrere set uP in 1921,
were re-dressed with similar slags in 1925. During the whole six
years neither the Gafsa nor the low soluble slag had any action;
the high soluble slag acted better. For these high soluble slags,
however, their order of efficiency was not the same as the order
of solubility- The resulls were:-

A'oeruge Yea y Lil)e Weight Increase in Shee?. lb. ?er dcrc.

c.m6iri6n. I Rorbarcr"d I' I Akra8e Id lTbl6iDetor
| . -. --..........--' A\rraeF td

Total I l,ec. I zrec. 9,e4
Pbcpbale. sorubiliv. 1922-25. I rgi5-?6. 1925 !6

No Phosphate
Galsa ...
Slag, Lo1lI Soluble

High Soluble

lt0
1S5
200
l8t

la7High Solubte ..
High Soluble ..
High Soluble ..

No Phosphate

2i
19.8

^;
,0.0

l2t
t23
t2i
t5s

119
151
1.t 6
I -s0

117
150
138
136

19.8
42.5
,r.o

?0.9

tta
t4t,
120
106
107

Comparison of the Rothamsted results D'ith those obtained
elsewhere brings out the very interesting fact tlrat grassland is
not readily improved by slag if an acre of it yields some 200 lbs.
Iive weight increase in sheep. The striking results are obtained
on land giving only 50 or less lbs. increase per acre. The figures
are :-

Numb€r of Shep caried

ltttl242 2t2 187 I 93 I 6.5 6.5

1926.

xo { ui*t

-l 
"o"'

1995.
I

No I Hisb

I st,s.

6_3
6_0
6.1
4.0

Fiddingtotr
ThrussiDgton
Rothamsted
Hebron

t34 165 156 225 9.7 3.7
81 103 190 196 6.6 6.6
53 t23 18 7l I 2.0 4.0

6.3
6.0
6.1
20

FERTILISER ACTIoN AND THE LAW oF DIMINISHING RETURNS.

Periodically a good deal is heard about the Law of Diminish-
ing Returns, and farmers are reminded that the use of fertilisers,
or any otler improling agents, beyond a certaio point is not eco-
nomically sound, the extra yield obtained not paying the additional

Lile $tklt In@ase,

I re26.

l*. l,*o
I I st.e.

High

Slag.
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cost of &'inning the crop. This is undoubtedly true, but it is also
true that many farmers are not oear rhe point of dimioishing
returns and v.ould obtain better results, both in output and 6nan-
cially, by putting more into the land.

Data are accumulating (see lg23-24 Report, p. 16) to show
that in many insrances the return from fertilisers and other im-
provemcnts increases with increasing quantities before it begins
to decrease. This is shown in the potato experiment of 1g26,
where the successive increases in yield given by successive doses
of sulphate of ammonia are, in cwts. per acre:-

Su FsiL. lo, 'eas in ,1ielJ ror Suhhat. ot Amnir.
l"l 'wr, I zna.rr. 3rd and tthti

3r.6
22.6
28.621.4

6
13.2
19.0

27.6

_ _ l'he second cwt. of sulpbate of ammonia is not only profit-
able, but more profitable than the first.
. This increasing return has so far been observed ooly with

nitrogenous maoures, and it is marked only in certain seasons.
It may. horvcver, aiways occur bur be missid: in a 6eld experi-
ment only lew quantities can be lested, and usually for potitoes
the steps have been greater than I cwt. per acre.

The effect of the fertiliser is influenced bv the time at rvhich
it is applicd. In the experimenls on ollts in l!i25 the late dressing
Bave the better result for I c1lt. sulphate of ammonia, while in
1923 the earlier dressing had proved the better. In both years
2 cwts. per acre gave better returns when applied late. 'The
increased yields for tbe early applications of the sulphate of
ammonia are curiously similar: there is more diference for the late
application :-

1ii.8
19.7

(a) trIarch 28tI in 1923, March sti in 1925.
(D) May 22nd in 1923, May sth ilr 1025.

The effectiveness of the late dressine-is orobablv in some wav
bound r-rp with Lhe relalion between graln formatioi and growth'.

METHODS OF FIELD EXPERIMENTATION.

. The foregoing pages show how completely the modern fer-
tiliser problems difier from those o[ the iar]iei days. Formerly
the interest lay in showing that good crops could be obtained by
Ihe use of artificial manures, or in comparing artificials witil
farmyard manure. The results have now become embodied in
general farming experience and no looger form the theme for

r925_

Early (a)
Late (b)

8.t 1?.3 9.s
5.4 | 21.5 14.7

l c\it.
2 c$_t.
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experiments. Modern problems are concerned much more with
matters of detail: such as the comparisol of fertilisers v'hich are
nearly alike, or the tracing out of the eff€cts on the growing crop
and seeing how these can be used for increasing the outPut from
the farm. Greater accuracy is norv necessary than formerly,
because a five or ten per cent. margin may make all the difference
betlveen profit and loss to the farmer: tbe results must also be
obtained quickly, before changes in the economic situation have
destroyed the interest io the work.

1'his chaoge in the problems has necessitated a change in tie
method of making field experiments. 'fhe older methods had the
great merits of directness and simplicity, but they are not very
accurate; however carefully carried out, they are liable to errors
which in any year may amount to at least ten per cent. Improve-
ments in technique have reduced this liability, and repetition of
the experiments for a oumber of years, as at Rothamsted, tends
to cancel out some of the errors. But quite apart from the fact
that agriculturists now waot information speedily, there is the
serious disadvantage that the amouot of the error is unkoown.
For any valid estimate of crror it is essential that the arrangemeot
or the " sample " should be at random and not the result of
selection, which forms the basis of all the older methods.

The statistical and field departments have worked out ue'w'
methods lvhich are no1 only more accurate in thcir wcrking details
than the old ones, but satisfy this statistical requirement oI random
sampling as against selection, and thus admit of the orlculation ot
the error, so that the experimenter knows what degree of signifi.
cance attaches to the results. Further, the experimenter can
adjust th'e degree of accuracy to tbe requirements of the problem;
if he needs an accuracy of two per cent. he can get it; if, on the
other haod, he needs only to be within l0 per cent,, he can change
the design accordingly. 1'he higher the accuracy aimed at, the
greater the elaboration and the cost, and although it is possible
to interweave various experiments into one large t'hole, oever-
theless, the cost necessarily remains high.

These new methods are norl' used for a1l the new experiments
(though not for the classical ones, which are still contioued io the
old way lvithout change) and the standard error is calculated and
recorded in the tables. This is the first time our field experiments
have been treated in this rvay. (See p. 122.)

The new methods are the outcome of loog previous investi-
gations in which several workers, including the agriculturist, the
ecologist, the plant physiologist and the statistician took part.

It was recognised that in the past more useful information
had often been obtained from field observations during the gro\'rth
of the crops than from the final weighings at the end. A field
laboratory was therefore built on the experimental fields and
equipped *'ith appliances for making measurements on the grow-
ing plant, and an ecologist (T. Eden) and a plant physiologist
(E. J. Ir{askell) devoted their whole time to measuring aod observ-
ing such things as rate of growth; for cereals the number oi
tillers, dates of emergence of heads, leogth of straw and of ear,
number of grains per ear; for roots and potatoes height and
spread of the plant, nature of foliage, etc. These observations
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promise to be of great value in explaining the effect of soil and
season on plant growth and on fertiliser action.

, 1'he figures for frnal yield, however, must always be the chief,
and have olten been the only, test of any agricultural treatment.
ln order to increase their value a statistical investigation was
uodertaken to discover the basis on which improvement could be
ellected, and field experiments were used to test which of the
various theoretically sound methods were also practically sound.

_The work began in 1919, rvhen Dr. Fisher applied to the
study of variation an arithmetical analysis known ai the analysis
of variance, lvhich had the advantage over the ordinary calculus
of correlations of avoiding both the calculation of a large number
of irrelevant values and also the numerous corrections to which
correlations are liable, especially with small samples. He apptied
the method to the Broadbatk wheat vields and showed its talue
for measuring the effect of dislinct groups of causes. This
investigation, however, showed the need for more exact methods
than those previously used for treating the small number of cases,
or samples, generally available in agricultural investigations. The
first example of an analysis of variance in its modern form was
the examination of the results of T. Eden's experimeot in 1922 on
the response ol different potalo varieties to manures (Fisher &
Nlackenzie, Journ, Agric. Sci., 1923). Somewhat later,
" Student " gale alrernatire prools by himself and by Fisher of
formule appropriale to cereal variety experiments. 'lhus rigorous
methods of statistical examination were elaborated.

- The next step was to develop a correspondingly rigorous field
technique, and this rvas done by f)r. Fishir in coloperation with
T. Eden and E. J. Ilaskell. TLe chief dittrculty wai to overcome
the- efiects of the irregularities in the soil which had long been a
serious stumbling block to field experimenters.

Part of the irregularity or heterogeneity could be eliminated
by_ suitable arrangements of the plots, but there was always an
unknown remainder of residual errors. It was showo thit the
statistical analysis preriously developed could elimioate the former
and at the same time afford a valid estimate of the remainiog
errors, provided that the plots were sufficiently replicated and
delib,erately randomised.

Dr. Fisher then devised various types o[ experiments to meet
the requirements of the statistical analysis and tasted these on the
results of uniformity trials so as to discover which $.ere the most
accurate and conveoient in actual working. Two types stood out
as satisfactory; randomised blocks and Latin squaies. The ran-
domised block is the simpler and rhe more easily adiusted to suit
the peculiarities of the field and rhe crop. The expeiimental area
is divided into several strips or blocks, each of whith contaios one
plot of each treatment, the arrang.ement being deliberatelv at
random and determined not by seleition, but by"writing the ios-
srble arrangements on separate cards, shuffiing them, and drawing.
one out, Since one block is nol directly compared with an,-,therl
the diferences in soil fertility between them ire eliminated; and
since the arrangement within the blocks has been entirely at
random, the signiEcance of the results can be estimated. 

- 
An

example of this method is given on p. 146.
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'fhc Latin square is the more accurate but less widely applic-
able in fertiliser experiments. The plots are arranged with as
many rows and columns as there are treatments, Each treatment
appears once, and only once, in each row and each column. A
surprisingly large number of arrangements are possible, but the
selcction is again deliberately at random and, as before, is efiected
by the shuffiing and drau'ing of cards. The potassic fertiliser
cxperiments on potatoes are an example (p. 138).

Two years' experience of these methods has satisfied us that
they are practicable, though they are costly because tlrey necessi-
tate large numbers of plots: a single exPeriftent may require
some 50 to 80 plots- The additional accuracy, as compared with
the older methods, is a great boon to the ag"icultural exPert
because it gives him much better material on which to base his
advice to farmers. And it has the supreme advantage that the
actual figures of crop yield ha\'e for the first time become defioite
scientific data, so that they can be related to other values such,
for example, as meteorological data. Strict comparison can be
made rvhere previously only vague and general comParisons were
possible.

THE INFLUENCE OF WEATHER ON CROP YIELDS AND
FERTILISER .{CTION.

The nerv methods outlined above for making field experi-
ments, and studying the results, make it possible to discover with
considerable precision the influence on crop yields of rain, tem-
perature, sunshine, or any other meteorological factor that can be
measured and expressed in figures. Dr. Fisher has already
traced the connection betrveen rainfall in the difiereot months of
the year and wheat yields under different fertiliser treatments: a
similar investigation into barlcy yields has now been made. The
efrect of hours of sunshine on rvheat yields has also been
examined: the most striking efiect is of autumn sunshine .just
before or .just after the sowing of the crop: whether the benefit
arises from the v,armiog or the drying of the soil is not yet found.
For the rcst of the year, even in July, actual sunshine seems
urrimportant: the great ri.eather factors seem to be the tempera-
ture and the rainfall.

Observation in the field has brought out several interestiog
facts: that nitrogenous fertilisers are afiected less than any otbers
by season (p- f7), that phosphates act better on srvedes and
turnips in a cold, rvet )ear than in a good grorvine season (p- l8),
that potassic fertilisers act better on potatoes in a dry spring
than a wet one (p. 23). \\rith fuller knorvledge of these actions
it would be possible to draw up schemes of manuring suitable to
any specified kind of season, To some extent tiis has been done
for potatoes. There are each year at Rothamsted a number of
plots of potatocs receiving various manures, The highest yield
shorvs little variation from year to yeart being about 12 tons per
acre whatever the season (excepting in 1921, the summer of excep-
tional drought). But the manurial treatment required to get it
does vary : in some seasons potassic manures were the most impor-
tant. and in olhers nitrogenous.
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THE USE OF LIME AND LIMESTONE.
Lime and limestone have two important efiects upon the soil,

both of wbich have beeo studied in considerable detail.

l On all soils they neutralise acids and thus change sour
or acid soils to a sweet or Deutral condition,

2. On heavy soils they improve the texture of the clay,
reducing its stickioess and so facilitating the movement of tie
implements, the soaking a$?y of water and the growth of plant
roots, especially on arable soils.

It is usual to measure the intensity of the acidity on the
so-called pH scale on which 7 stands for neutrality, higher num-
bers for alkalinity and lower ones for acidity. Ordinary good
soils have values of 7 and over; alkaline soils do not occur in
this country, but of the many acid soils examined, very few have
values as low as 4; most of the bad ones are about 5 and tbe
somewhat acid ones about 6,

Dr. E. M. Crowther has investigated various methods for
measuring soil acidity and for calculatiog the amount of lime
necessary to reduce it to any desired extent.

As a general rule neutral soils are tie most fertile. It
is not alrvays necessaly, however, to aim at complete neutrality.
Some crops tlill tolerate a certain amount of acidity and
do not respond to lime added bevond this joint. Potatoes
grow just as well on acid soils of pH 6 as on neutral soils of pH 7,
and they are less liable to scab; addition of lime is therefore waste
of money. Lucerne, oo the other hand, has failed on soils with
pH 6. Certaio plaot disease organisms llourish in acid conditions;
linger and toe becomes serious u.hen the acidity is worse than
pH 6. Some of Dr. Crowther's measurements are:-

pH Values lot Pobs ol Comporable Soils Dilferitg in A grictrltural
Value.

I t."o'

2. Garforth
3. Aberdeetr Tumip3

Barley ...
Luceme

Potatoes

Fioger and
toe

Much f[ger
and toe

Failule

Waste land ...
Bad 6eLl ...
Much scab ...

No frDger a[d

Little 6nger
atrd toe

Good

5.85

6.05
6.66
6.21

7.87
6.13
7.13

4. Somerset ...
6. Ip6wich
6. CarliaStoE

Moss

7. Pusey

4.41
6.15

3.01
.1.88
7.10
7.65

7.86

6.62
5.14
6.13

Much work has been done to discover the limits of tolerance
of the most- important crops. The list as it stands at present,
begioning with those that cannot tolerate acidity and ending with
those that can staod a good deal of acidity, is:-

Cultivat€d...
Good feld ,,.
Little scab ...
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Red Clover.
F o*tell (A lo?ecurts ptaleuisl.
Ba,rley.
Pe4s, beatrs and vetches.
Wtreat
MaDgolds.
Mustard-
Rye Grass.
Wtrite Clover.

Cabbage arld kale.
Lupins.
Alsyke.
Swedes.
Oats.
Cocksfoot.
Potatoes.
Rve-
s;eet verual Grass.

lAn horanth t L),
Sheep's Fescue.
Yorkshid-e Fog (Holclas lanatus\.
s0.trel lR*rncr aceroso).
Rhubarb.

'fhe practical outcome of this work is that it enables the
expert to advise the farmer:

1. Whether his soil reaction is suited to a particular crop
and if not how much lime should be added to make it suitable;

2. What crops can be grown on the soil as it is or as it
rvould become with small and inexpensile additions of lime-

CULTIVATION.

The greatest single item of cost in arable husbandry is the
cultivation of the land, and this has been so fully developed as an
art by farmers and implement makers that little fulther develoP-
ment can be expected on empirical lines. Few cultivation experi-
ments have been made and farmers visiting experimental farms
are rarely shown anything bearing on thc subiect. The reason is
that no underlying science of cultivation has yet been developed
corresponding with the science of manuring, nor could it have
been done until ttre physical properties of the soil were better
understood. In recent years important advances have been made
in the Soil Physics Department under Dr. Keen, and the extension
of the work to cultivation problems has follop'ed automatically.

The work falls into trvo chief divisions: investigations and
comparisons of cultivation processes; and studies to ascertain how
cultivation affects the soil. In both divisions detailed examina-
tion is made vhenever possible of the growth and final yield of
the crop,

During the past year three difierent methods of producing a
seed-bed for roots (swedes) have been compared: rotary cultiva-
tion, on the ridge, and on the flat. Soil measurements made
immediately before and during the operations showed that the
main result of rotary cultivation was to produce a much softer
tilth, which was well loosened or pufed up by the action of the
tines. The percentage of finest soil crumbs was no greater than
on the ridged plots, and but little greater than rvith the flat cultiva-
tion, but there was a marked reduction in the percentage of the
large lumps of soil- These differences were reflected in the earlier
germination and better first growth on the rotary cultivation plots.
Later on the deep uniform tilth proved detrimental, for the soil
hardened, or " panned " to a greater depth than on the other
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plots. Growth was checked, a.od well before harvest it was
obvious that the yield from the rotary cultivation plots would fall
greatly behind the others. 1'hese main comparisons have been
supplemented by many soil, plant and meteorological measure-
ments; the full interpretation must be deferred until several years'
data have beeo obtaioed. Broadly speaking, the efiects of cultiva-
tion are three :-formatioq of tilth, control of air and water supply
to the roots, aod suppression of weeds- 'fhe weed problem is
very important io normal years, and rvhen opportunities for culti-
vation are restricted by wet and mild winters, it becomes exceed-
ingly acute, especially on heavy land. 'l'he number of *eed seeds
capable of development in these conditions is very large; it
becornes enormous on certain of our experimental plots where
wheat is I ro\r'o year after ycar, and opportunities for adequate
cultivation are restricted. I)r. Brenchlev estimates that one of
our fields contains in places no feucr rhan 100 million good poppy
seeds per acre, to say nothing of other kinds of weeds. Fortu-
nately, young plants are as a rule easily killed by appropriate
cultivation, and this is one of the chief benefits it confeis on the
land-

The study of the cultivation processes is much facilitated by
measuring the resistance offered by the soil to the passage of thi
implement: this is done by means of a dynamometer inserted io
the hitch between thc implement and the tractive force. The
records are of dircct use in comparing the working efficiency of
different implements, provided the heterogeneity of the soil itself
is previously ascertaioed and allowed for. The records are also
of further value after analysis in the laboratory, in ascertaining
the part played by soil cohesion and plasticity, surface friction,
etc.

The dynamometer measurements thus form an essential con-
necting liok between field and laboratory studies, and it is neces-
sary that the instrument itself should be as reliable as possible.
Much time has been given to the development of a new design,
and an instrument has oow been evolved which has satisfactorilv
passed severe and extended tests. It has been built up partly
from stock-pattern apparatus aiready on the market, while th.:
remaining portions \,.ere developed in our own workshop, thr s
avoiding the costly process of empirical trial and adiustment.
The instrument is very light and coovenient in use, and as tlre
record is obtained on a moving celluloid strip, it is grease a,rd
vcather proof. Every range in draught from a fetv pounds to
several tons can be recorded. 'l'he apparatus has been placed on
the market by the Cambridge Instrument Company.

fhe heterogeneity of soil that may appear quite uniform to
the eye is brought out by the " isodyne " maps of the field, all
points having the same soil resistance being joined by a smoot.h
continuous line. These maps, which resemble the familiar con.
tour maps! are readily constructed in the laboratory from th.,
dynamometer results. (See 1923-24 Report, p. 29.) The annual
tests of the past five years on Broadbalk gave strong evidence
that the distribution of the soil heterogeneit)' acrosJ an area
remained sensibly constant from year lo year, i,e., the isodyne
maps for successive years are all much the same. In the past
season a crucial test of this constancy has been made on another
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field, in which every factor-€xcePt the soil itself-was chaoged
from the previous years' tests: the new dynamometer was used
instead of the old one, quire different ploughs were employed,
horses were substituted ior the tractor, with a corresponding
reduction in speed, tbe direction of ploughiog was across the field
and not aloog it, and the season was spring instead of autumn.
In spite of tEese very different experimental conditions, the two
isodvne maos *.ere similar.

'Althougl, the distribulion of the differences in soil resislance
from place io place remains uoaltered, the averase absolute values
differ from vear to vear. The full reasons for this have still to be
found. IVloisture coltent has little efect, and laboratory invesliga-
tions show that the changes in the collcidal coodition of the clay
from one season to another' are most likely to be responsible.
These are, to some extent, under the farmer's control. -\dditions
of farmyard manure or of chalk reduce lhe drawbar pull consider-
ably, so much iodeed as to efTect very appreciable reductions in
thq cost of the operation, Some of our results have been given
in previous Reports; recently further investigations of the efiect
of ahalk have been made. Io these exPeriments the soil had been
chalked in 1912 at the rate of 15 tons per acre by the o1d Hertford-
shire method. The isodyne map of the field shown in Figure I is

STACKYARD FIELD ROTHAMSTED

. ? ir. tF [..t

lladyna. sh&,i,9
(tbrlrF,F

EtrAro6
@Cld};,l-ono

4

F!c. I

obtained from the 1925 ploughing results. It will be seen how
oersistent is the advantage, the resistance on the chalked area
Leins much below that of the flankinq unchalked strips. The
meth"od is feasible only on soils overlying the chalk, and in any
case. the 6rst cost is nbw too heavy. Farmers are therefore more
and more relying upon purchased lime or ground limestone, both
of which ar6 a[pliid in much smaller quantities. While these
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modern dressing's correct sourness, it is not knowo how far they
help to reduce the labour of cultiyation. Experiments vill be made
this year with the aid of grants from some of the associations of
limestone firms.

The dyoamometer measurements have other applications in
addition to the uses detailed above. 1'hey constitute at present the
best single value specifying the condition of the soil in the field;
no other analytical method yet devised could give such.detailed
data without a prohibitive expenditure of time and energy.

The condition of the soil as reflected by the isodyne maps is
closely related to the early stages of plant growth. The number
of wheat plants suniving the winter, arld the percentage of
tillering, are found to be greatest on rhe areas of low drawbar
pull. 1'he isodyne maps do not represent the variations in final
yields of rvheat, horvever, as the fewer survivors on the heavier
land have a better chance of development, and may ultimately
make up in numbers of mature ears what was lost in numbei
of plants. On the other hand, the yield of swedes does appear to
be related to the distribution of the isodynes. Although this lnork
is still in its early stages, and the degree to which the relationships
are altered by seasonal factors has still to be ascertained the
results have already been of value io the development at
Rothamsted of improved methods of plot trials,

The isodyne maps are not limited to surface cultivation. At
the reques-t of the Agricultural Department of Reading University,
a series of dynamometer measurements was obtained with a mole
plough on a field where the subsoil was known to be irregular in
composition. From the values it was possible to draw up a com-
plete map of these variations in the strata at the depth of the mole.
This information, which is essential for the study of the relation
between soil type arld the duration and efficiency of the mole
drains, could only have been obtained otherwise in an approximate
form by laborious aod expensive excavations. Expe;iments on
Broadbalk field at Rothamsted, which is provided rviih tile drains,
have shor*n that the isodyne maps are related to the drainage in
certain conditions. When the ground is saturated, and afte; the
drains have been discharging for some time, the rate of flow is
fastest from the drains passing through the heavier land. This is
due to the water on the lighter portions of the field soaking awav
into the subsoil, rvhereas on the heavier portions this ac-tion ii
retarded, and more runs out through the drains.

Ample confirmation has been obtaincd of preliminaiv results
mentioned in an earlier Report, that soil rcsistince is noi greatlv
increased by increasing the speed of working of the imoGmeni.
The increase in soil resistance is only about 7 per cent. when the
speed is increased by 60 per cent.; and it siems oossibie bv
modifications in the design of the tractor and implements to hasten
considerably the rvork of cultivation, therebv sivine monev. time
and much future lrouble, especially in difficult seaso-ns.

Laboratory experiments show that the drawbar pull is not
a simple quantity. but is made up of a number of factors which
must be analysed before the fieid results can be interpreted. Three
factors have been studied in detail by Dr. Haines: the friction
between the surface of the implement aod the soil, the cohesion of
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the soil and its plasticity. These are all much afiected by water
content, but in difierent ways; the cohesioo decreases but the
friction increases as the water increases I the efiects just about
balance, so that the drawbar pull, the sum of all of them, alters
but little.

'Ihis analysis is being continued in order to insure a better
understanding of the field experimeots.

The work on soil cultivation is beginning to aford a physical
explanation of tbe "condition" of the land-a term much used
by farmers. It has also aroused much iEterest among the imple-
ment manufacturers, who are endeavouring, through their
Association, to find part of the necessary funds to ensure the
continuation and adequate developmeot of this subject at
Rothamsted,

GENER.{L SOIL PHYSICS.

Much of the work in the Soil Physics Department is neces-
sarily concerned with the general development of Soil Physics, the
science that underlies soil mana{aement and explains the air,
ter:perature and water relationships of soils.

Many attempts have been made to find means of expressing
the highly complex water relationships. They appear to be best
expressed by such properties as cohesion, plasticity and shrinkage,
v.hich shorv variations at moisture contents where plant growth is
satisfactory; the vapour pressure method that at first sight seems
more promising, is not so satisfactory since the values are still
at their maximum when the moisture content is well below the
minimum for plant life.

The vapour pressure curves, however, promise to be import-
ant in soil physics; they show typical hysteresis efiects associated
with colloids, and they are markedly afccted by treating the soil
\rith agents known to disintegrate the aggregates characteristic
of good tilth- They are also of use in the search for a " single
value " measurement for classifying soils-a long sought end-
to rvhich much attention has been given in the Physics Depart-
ment.

Hitherto it has been difficult to Cecide what property, or
combination of properties, the " single values " proposed really
measure. Many of them have been tested on some forty different
types of soil. The air-dry moisture content, or, more accurately,
the moisture content at 50 per cent. relative humidity, as given
by the vapour pressure curve, was found to be controlled maiflly
by the percentage of clay in the soil; while the " sticky point "
(the water content of a plastic mass of soil u'hen it first ceases
to adhere to the fingers) is controlled by the material lost on
ignition of the soil, i.e., the organic matter and water of constitu-
tion in the clay. These discoveries have greatly simplified the
problem of " single value " classification.

The cohesion of soil presents an interesting' problem. The
work of Atterberg, in Sweden, appeared to show that, although
the cohesion decreased with increasing moisture content, the curve
connecting thc values was broken ioto tv/o distinct portioos-
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Atterberg considered that soils could be classified by measuring
the moisture content at which the break occurred. We have not
beeo able to reproduce these results at Rothamsted, our curves
being always smooth and unbroken wirhin the limits of experi-
mental error. Dr. Haines has notv shown both theoretically and
experimeotally, that tie capillary efects of \&:ater in the pores
of a soil block give rise to cohesion values that increase to a
maximum at the higbest moisture content the soil block can hold
before it becomes disintegrated. This suggests that the two sec-
tions of Atterberg's curve may be attributed to two types of
cohesion, one predominating at high moisture content and due to
capiilary forces, and the other predominating at low moisture
conteots and due to the colloidal nature of the soil, The features
of these trir'o factors are such that, whea combined, a broken curve
might be expected s/ith certain types of soil. guantities of the
colloidal material have been obtaioed by means of the Super-
centrifuge in order that its properties and its efects oo the soil
may be studied.

Dr. Keen has acted as convener of a committee, including
Professors Comber of Leeds, Hendrick of Aberdeen and Robinson
of Bangor, appointed by the Agricultural Education Association
to investigate methods of mechanical aoalysis of soil, it being
now known that the old method used for over twenty years in tiis
couotry is untrustworthy, since it fails to secure'complete dis-
integration of the soil crumbs. -{fter fuil tests at Rothamsted and
elsewhere, Professor Robinson's metlrod has beeo officially
adopted, and the more important of the older analyses will non
be revised.

A measure of soil tilth has been obtained by studying.the
degree of disintegration secured under standardised laboratory
conditions on soil brought in from the f,eld.

\ry'oRK rN THE EMPIRE.

The water relationships of the soil, important as tlrey are in
British farming, are of supreme importance for g.reat parti of the
Empire rvhcre low rainfall compels recourse to iirigation for crop
production. An increasing number of l,roblems is being referred
to Rothamsted from various regions of the Empire, aod agricul-
tural experts have been sent from lodia and Africa to study
methods and problems in our laboratories.

- The Empire Corron Grorving Corporation has made provision
for a soil physicist to carry out investigations at Rothartrsted.
D,r. E. M, Crowther, vrho holds this post, last year studied some
oJ th_e_-soil problems of the Gezira, the great irrigated area between
the White and Blue Niles, for which purposJhe worked io the
laboratories at Wad lfedani for the six months, October, lg25, to
]Iarch, 1926. (See Paper No. xxxiii, p. 67.) He succeeded in
tracing relationships between early rainfall and crop yields and
between permeability of the soil and its fertility, a iapid rate of
movement of uater being associated with a low salt cbntent and
h_igh fertility. Some of the prohlems have been brought back to
the Rothamsted Laboratories for further investigationi
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SOIL MICROBIOLOGY.

Large as are the quantities of artificial fertilisers used in this
country, the amounts of organic manure, such as farmyard
manure, animal excretions, green manure, or residues of clover, or
seeds leys are much greater. It has been estimated that farmers
of this country make farmyard manure of the value of 914,000,000
a year, to say nothing of the value of the clover and other residues
ploughed in.

These materials are not in themselves of use as fertilisers. lt
is only when they have undergone certaio chanSes that they
become valuable. During the process they may and ofteo do suffet
serious losses; it is estimated, for example, that about half th(
value of the farmyard manure is lost. These changes, both
beneficial and harmful, are brought about by minute organisms
living in the soil.

Soil micro-organisms thus play an important part in soil
fertility. Among the more important are the following:-

1. They decompose the residues of plants and animals, con-
vertiog them into simpler substances, such as nitrate, potassium,
calcium, and other compounds that serve as plant nutrients, and
also producing humus, which greatly improves the soil. The
decomposition of cellulosc can be efiected both by fungi and
bacteria. During the past year Dr. Kalnins has found several
new bacteria capable of decomposing it aerobically, while Dr.
Rege has isolated three common soil fungi which, under aerobic
conditions are, in combination, as active as the total soil popula-
tion and far more active than the soil bacteria alone. No
soil organism, however, either fungus or bacterium, has yet been
found to decompose lignin, rvhich, on chemical grounds, is now
regarded as a probable source of humus.

2, The carbon dioxide produced io the decomposition and
during the respiration of the organisms, partly remains in the
soil, dissolving certain soil constituents, and thus iofluencing the
supply of mineral substaflces to the plant; the rest escapes into
the air, where it contributes to the supply of carbon for the plaot.

Measurements have been begun of the amount thus escapiog
from soils under different manurial treatments.

3. Certain substances formed in soil and harmful to growing
plants are decomposed and rendered innocuous by some of the
organisms. The decomposition of phenol u,as dealt with in the
last Report; that of indol, a rvell-knorvn product of the bacterial
decomposition of organic matter, has been studied this season.
Three soil bacteria found by Mr. Gray have the remarkable
power of converting it into indigo. This reaction does not furnish
the organisms with all the energy they need, so that some other
ca-rbon compound has to be present as well.

4- A few of the soil organisms fix gaseous nitrogen from the
air, converting it into protein, which is readily broken down to
ammonia, and appears ultimately as nitrate.

5. Most of them, however, obtain their nitrogen from
nitrogenous compounds in the soil. Many assimilate nitrate, thus
competing with and injuring the plant in spring and early summer.
In late autumn and winter, however, the plant does not sufier and
the soil gains because the nitrate which they take is cooverted into

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-1-84 pp 39

38

protein, atrd thus protected from being r ashed out from the soil ;
io the lbllowing spring the protein decomposes with formation of
nltrate once more.

The organisms most directly concerned are bacteria which
briog about all these changes, and fungi and algae which effect
some of them. Of the protozoa, the am@be, some of the flagellates
and, so far as they are active, the ciliates, are indirectly import-
ant because they keep down the numbers of bacteria. The action
of the rest of the flagellates, which occur in large numbers, is
unkno\Mn, but all the protozoa, like the fungi, alg@, and bacteria,
lock up in their bodies nitrogen compounds which, if not so held,
might decompose aDd be lost from the soil.

The study of soil micro-organisms has for many years been
one of the characteristic features of t}re Rothamsted investigations
and post-graduate students come from all parts of the world to
take part in tlre work,

It has been shorvn that the common bacteria, protozoa, alga
and fuogi, are widely distributed, occurriog in the soils of widely
separated regions, there being apparently less variation in the soil
population than in the surface flora or fauna. The numbers of the
bacteria* and the protozoa in field soils cao be estimated ; they are
very great, but not steady; they fluctuate continuously, aod the
fluctuations on adjoiniog p)ots of land are similar, though they
are not obviously related to changes in soil moisture and
temperature. 'l'he numbers of bacteria and active amceba, hov.-
ever, change in opposite directions; when the active amceba
increase the bacteria decrease and zice aerso; this happens
both in the field and in laboratory tests .w-here sterile soils are
innoculated with various gr<-rups of organisms. While the
protozoa reduce the numbers <.rf bacteria it is not yet clear how
they affect the changes produced in the soil. This year's work
by Mr. Cutler and \Iiss Crump suggests that amceb@, the
flagellate Cercomonas crassicauda, diminish the evolution oI
carbon dioxide from soil and hinder the decomposition of
added organic matler (?.g., sugar), which suggests that they
may decrease Ihe amount <,f decomposition of plant and animal
residues, though the action is not entirely simple. Dr. Skinner
confirmed these observations, using soils partially sterilised by
heat, aod showed also a decrease in anrmonia production. But
protozoa increase the amount of nitrogen fixed by Azotobacter, an
apparent anomaly which Mr. Cutler explains as the result of the
amceba feeding on the Azotobacter, and so conserving in their
bodies much of the nitrogen already 6xed and also miintaining
a high efficiency of fixation by keeping the culrures young. Thii
reaction does not stand by itself, since the nitrogen fixing organ-
isms appear generally to work better in company tian alone.

Mr. Sandon's systematic examination of the soil protozoa has
revealed about 250 different forms: a descriotion and kev to their
classificalion has been prepared. (See p. 88.) l\tosr 

-of 
thes(.

are also found in other habitats, but I8 of them, 8 flagellates and lO
amebe, have so far been found r,nly in soil.

'Not the total numbers, for no mediurn allows rhe development of all the
bacteria present in soil. The estimates are, ho*'ever, comparable a,itfi one
another.
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The soil alga are studied by Dr. B. M. Bristol Roach. Those
which are on th"e surface in full iight obtain tleir eoergy and their
food from sunlight and carbon dioxide like other green- plants;
they add to the itock of organic matter to soil. Those t-hich are
buiied in the soil and so cut ofi from the light, do not die;
they conlinue to Iive vegetatitely and to muitiply slowly, deriving
ene.gv and food from lhi solubli organic subslances Present tiere'
tn iriGrmediate light condirions they can live both saprophytically
and photosynthetically. tn all cond-itions they probably assimilate
nitrate.

The soil lungi are difficult lo study and no quantilativc
methods have let-been devised for eslimating the amount of their
mycelium in thi soil or the numbers of " individuals " present, so

that these may be compared with protozoa or bacleria.- Myceliu-m
often occurs, particularly in humus soils, in such quaotity as to be
visible to the naked eye. and obviously to form a significant part
of the soil structure. 

-During 
the last-two years Dr. Brierley has

worked out quantitative methods which give results capable under
proper condiiions, of being repeated. The technique was analysed
into its consLituent factori such as : (t) Sampling; (2) Suspension;
(3) Disintegration; (4) Dilulion; (5) Plaring; (6) tncubation; (7)

b6unting;"and as many as possible of these were standardized.
The method finally evolved has been tested by studying the lateral
and vertical distribution o[ fungi in soils of difierent character.
It records only such fungi as can grow under t}le conditioos
provided and, in any single experiment, this is only a small, pro-
portion of lhuse present. Even so, the numbers obtained are
inormous, bul, even in soils under such unilorm treatmenl as the
Broadbalk plots, their lateral distritrution is very unequal, a sample
sometimes containing two or three times the number found in
another sample taken from a few yards alvay. Fungi occur in
greatest numbers in the top l-*€ inches, they are slill plentiful at
12-18 inches, and even in heavy yellow clay have been found
at a depth of 6 feet.

Certain soil fungi studied by Dr. Rege rapidly decompose
cellulosic materials and, under certain conditions, species of
Coprinus, Aspetgillus ar,d. AcremonieLla decompose stra\,' as
rafidly as the whole soil population, aod far more rapidly than
th; s;il bacteria alone. Fungi play an important part in soil
changes, decomposing plant remains and producing humus, and
locking up nitrogen in the form of protein. The exact nature
and exteni of these changes is still to be explored.

In addition to the above actions, which affect the dead plant-
residues in the soil, there are others directly affecting the living
plants. Many soil fungi live in active beneficial relation to higher
plants, peneirating lheir lissues and living symbiotically as
mycorrhiza. On the other hand the soil is a reservoir of vast
numbers of fungi causing disease and death of crop-Plants; of
these the fungus causing wart disease in Potatoes is being studied
in detail, Methods to reduce the ill effects produced by these
organisms have been devised and are beiDg tested'

Hitherto, investigators in soil microbiology have been greatly
handicapped by theii inability to sterilise soil without altering
it che-icilly and physically. Dr. Mclennan has, however, devised
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a merhod oI drying in tacuo, which almosl., or complerely elimin-
a[es lrrrng lungi and bacteria, but leares the soil otherwise un-
changed. This is likety to prove of great assistance for future
workers.

APPLICATIONS OF SOIL NIICROBIOLOGY.
Soil microbiology has already found application in five

practlcal problems:-
l. The inoculation of lucerne and other leguminous croos.
2. 'l'he partial sterilisation of glasshouse sloils.
3. The fermentation of cellulosic materials with production of

-a 
humus manure closely resembhng farmyard manure.

4. overcoming. some of the dilliculties connected with the
preparation of a useful matrure from sewage: ooe of the
great uosolved problems of modero civilisation.

5. In the United States the use of sulphur to make a neutral
or alkaline soil sufficiently acid to be uosuitable for the
development of potato scab (Actinomyces scabies), andto render mineral phosphates soluble.

We shall deal w,ith the first f<.rur of these in detail.

I\-oCULATIoN oF LUCERNE AND oTHER LEGUMINoUS CRoPS.
Reference has already been made to the fact that arable

hu sba ndry 
- 
produces the larg.er outpur per acre and is therefore

the better Ior the country, while grass husbandry. involving much
Iess expenditure, oflers grealer possibilities of m-ikine som"e orofit
and is therelbre the safer course for the farmer. The-luce.ne' croo
combines the advanlages of both systems, giving high output pe'r
acre, and at the same time low costs and s6me iope-of ord6t.'lt
has therefore been the subject o[ many of our experime:nts.

Although it was introduced inro England niarlv 800 vears
ago, at the stme lime as the cullure of red-clover *u.'b"irr. ,.lr.r-
cated, it did.not spread beyond a small area in rhe east; el&where
rt \ as hardty grown. One important reason for this is that the
necessary organism does not occur naturally in our soils whiie
thar for red clover does. Mr. Thornton has riorked ;r, ; ;"iil;.
based.on certain con-linental experiences and some n.*a-.ij
Dacterlotogtcat tnvesltgations, whereby the necessarv ora,anismscan be added wilh the seed; this has been tesred duiing-the larr
lwo years at abour 50 centres in Great Britain, the necesirv fr.rnJi
being^provided by a grant from rhe Royal agii"ritrrJ So.i.tvr--"
, 

'fhe results fall into two g.oups, ja) tt"o." i.orn tt" .ou'nii."
rt"nere tucerne ias been grown so long. thal the soil has becomernrected.wrlh the proper organism; (b) those from centres whererucerne rs rarety grown and the organism is not present in the

In the area where Iucerne is an old_established croo. -.1,c
young plants commonly obtain sufficienr nodules for tf,"i.'.""a.lrom the " wild " bacteria already present. tn"."latio, -.Jhasten the appearance of rhe nodules,'b"""u." rh;-;il;";;.;;;
m_ay be some distance away from the roollets, Uut tf,is ;s of iitti"
advantage where there is sufficient nitrogenous plant food in the
soil for the young plaots. But if the lind be weedy o. " .oro
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crop be sown, the soil nitroE-enous compounds may be used uP,
causing the lucerne to be dependent on its nodules at an earlier
agel inoculation then is beneficial. l'his is illustrated by the
trial at Oaklands, St. Albans, where inoculatioo produced a slight
and temporary benefit rvith lucerne sown on bare soil, but saved
the crop from a serious check u'here it was sown uoder a cover
crop.

In districts where the bacteria are not naturally present,
inoculation is almost always beneficial and often necessary.
The effect depends very much on the amouDt of nitrogen present
in the soil; if this is consideratrle, the plant grows without the
organism as fully as other conditions permit, though, of course, it
is obtaining its nitrogen from the soil. In this case inoculation
may show no efiect in the first year till after the first cut has been
taken. On the other hand, soils containing but little available
nitrogen, show an early response to inoculation. There is
always an increase in the quantity of nitrogen contained in the
crop per acre; this may be accompanied by a larger weight of
crop, or more commonly by an increase both in weight of crop
and in percentage of nitrogen. Thus the benefit of inoculation is
two-fold, increasing both the yield aod the quality of the crop.
The advantage cannot always be iudged by eye: for the crops may
look alike, yet the inoculated one may have the richer feeding
value. Some typical results obtained in our trials are shown in
the following table :-

Yield oI Lr@e io cFts. Perentage of NiEogeD

lllll lqlr.s@.

vr. J. SheaI, 21.7 ;.S I3.9 3.61 2.62 0.99 Yield ard
GIos. Percentage

oI nitrogeE
rncre:rsed,
oI nitrogeE
rncre:rsed,

C.t.1a,t"r""U lt, fn: ,.2 3.09 ' 2.I t.ol Percentage
Stafrs. of l1iEogeD

iocreased.

E Eri@or4. i I

, r,n. , Dlnd. I rnd. r trtr- Difier-
1 utor- lm.r"a. I ene- I tated. lmara. I eoe.

Irrd critrtoa, I os.o I gs.o I zo.o I r.as I s.se I o.za lvlaa r

Devotr. 'l I I I I "'"r..a.

considerable n.u",r.t, ot*"uffiI ffi
of the lucerne crop to become weedy in its 6rst year, for u'hen
young it is more sensitive than most farm crops to competition
from other plants. Difficulties have also arisen in connection with
varieties: the Provence varieties commonly grown, not being
hardy in the north of England. These subjects are being studied;
much information has beeo collected in the publication described
on p. 11.

SuppLy oF CuLTUREs.--{ demand has already arisen among
farmers for cultures for lucerne, and some 900 have been supplied
during the past season. This commercial work, however, is not
the province of an experimental station, which has neither the stafi
nor the equipment for the purpose. lt is hoped that in the near
future arrangements may be completed whereby farmers can obtain
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guaranteed cultures issued under adequately controlled conditions
without diverting the scientifrc staE from their proper function of
carrying out research work.

Pel:rrer, Srenrr.rsarrox.

The practice of partially sterilising soil by steam or anti-
septics, advocated as a result of investigations at Rothamsted
some )'ears ago, is now extensively used in the glasshouse tomato
and cucumber growing industry, and has played an important part
in raising yields to the levels commonly aitained to-day, ,, Siik ,,
soils, sueh as those previously dealt with, are now rare : before
this stage is reached, the soil is steamed or treated \,r,ith carbolic
acid. 'l'hey can slill be found, however: one studied in 1925 bv
the Lea Valley Research Station, yielded only 28 tons per acre-:
a portion that was steamed, yielded 50 tons per acre, while a part
treated with carbolic acid yielded 43 tors per acre. The praetical
problem has now shifted and sterilisation is adopted rather as a
preventive thail as a cure.

Unfortunately, steaming is costly and the carbolic acid treat-
ment, while cheaper, is rarely as effective- Search has, therefore,
been made for more potent chemicals. A heawy oil producd as a
by-product from the N{ond Gas process was better, giviog 6.25 lb.
per plant, when applied at ooly half the usual rate, as ag.ainst
only 5.5 lb. for the full carbolic treatment, and 5.25 on thi un-
treated soil: Steam, horvever, raised the yield to 7 lb. per plant.
This particular oil is not easy to apply, aod persists long in the
soil. In another nursery it was less effective: the untrea&d plots
yielding 4.8 1b., while the oil gave 6.4 lb., and the carbolic acid
4.3 lb. per plant.

Two organic subslances, possible intermediates in tlre dye
induslry, have been studied; chl,or-d i-n ir robenzene and 3.6 dinitio-
o-cresol: the former was more effective tlran carbolic acid even
wheo used in only one-seventh the amount (0.02 per cent- of the
weight of the soil instead of 0.15 per cent.), giving an additional
2 tons of tomatoes per acre, as against I ton given by carbolic.
In these trials the soil was initially good, the yields on the control
plots being 44 rons per acre, beyond which it is difficult to go.

In view of the change in the nature of lhe practical problem,
the scientific investigation has been reopened iointly by the
Insecticides and Microbiological Departmenti.

PRoDUcrroN or Melune rnov Wasrr CELLULoSE Merrnrar,s,
Srnaw, Erc.

This process rvas worked out at Rothamsted bv Dr. H. B.
Hutchinson and.Nlr, E. H. Richards in 1g20, and has been steadily
improved. The exploitation, being unsuitable for an experimeni
station, is carried out by the non-profit-making syndicati, Adco.
The process is now at work in over 30 countries,- and thousands
of tons of material are treated each vear.

The scientific work is being coritinued in tiese laboratories.
The decomposition proceeds when sufficient moisture and nitrogen-
ous and other nutrients ar-e prese[t, but different waste substarrces
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behave very difierently under the same conditions, Dr. Rege finds
that two iactors detirmine u'hether a given waste material will
decompose quickly to make a good manure: the amount of food
or energy material (usually pentosans), this being beneficial, and
the amount of iignin, which is detrimental. The relatively high
proportion of lignin to pentosan accounts for the unsuitability of
certain substances for conversion into manure' but it also suggests
that they might become suitable if mixed with other waste
material rich in pentosans.

Certain species of thermophilic fungi appear to be the chief
agents afiecting the decomposition. Dr. Rege has shorvn that
strains of Copriius sp. (fntetarius?), Aspergillus sp. (ltmigotus?\
a.rd I ctenottiella sp. ('itelutina?i, all common soil forms, can act at
temperatures exceeding 50oC, a degree of heat not infrequently
attained in manure heaps. Thermophilic bacteria are known, but
so far as is ascertained at present, the bacterial decomposition of
cellulose does not rest at the humus stage, but runs right down
to the final products, carbon dioxide and water.

Mrcnogrorclct A^_D TREATMENT or SEwAGE AND orHER
EFFLUENTS.

It has long been a reproach to science that, of the 230,000
tons of nitrogen consumed annually by the inhabitants of these
islands in their food, only a small part ever returns to the land,
the rest being lost or dissipated at great expense. Various servage
sludges have from time to time been tested at Rothamsted, but
the only one of promise as a fertiliser (rve express no opinioo as
to any other property), is the Activated Sludge, made by blowing
air through the sewage- -fhis contains, when dry, some 6 per
cent- oI nitrogen in an easily available form, and is worth on the
farm up to J4 per ton. Since ordinary sludges contain ooly I
or 2 per cent., it was at 6rst thought ihat the richness of activated
sludge vas the result of some fixation of gaseous nitrogen, but
experiments at Rothamsted (1921-22 Report, p, 50) showed that it
carne from a better recovery in the sludge of the nitrogen of the
sewage, the proportion being 15 per cent. or more (rising in
favourable conditions to 27 per cent.), as compared with 10 per
cent. by precipitation and 4 per cent, by septic taflk methods-
Further work has shorvn that this higher efficiency of recovery
is due to a great absorption of ammonia from the sewage.

This absorption is largely due to microorganisms, which
assimilate the ammonia and convert it into protein and protoplasm.
Bacteria and protozoa both take part, the bacteria assimilating
the ammonia and the protozoa assimilating the bacteria; finally,
the protozoa are entangled in the sludge and, rvhen dry and dead,
contribute largely to its fertilising value. The smooth working
of the process depends on maintaining the proper balance betweeo
the numbers of protozoa and bacteria. A remarkable instance of
failure at one large town studied this year was traced to the intro-
duction of yeast from a brewery into the emuent; this yeast had
stimulated the developmeot of the protozoa, which, in turn, had
reduced the bacterial population so much that they could not
adequately purify the sewage. As soon as the discharge of yeast
was stopped, more active purification was resumed.
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An even more emcient absorption of the nitrog.en from the
sewage can be obtained by allowing the emuent to fld-w over strar.or similar material, which furniibes the bacteria witlr energy
material, ca-using them to multiply rapidly and assimilate lar['e
quantities of nitrogen from the se\Mage.

. These relationships between thJ nitrogenous and the non_
nitrogenous coostituents and between iLe bacteria and the
protozoa, furnished.the key to some of the difficulties in dealing
with sewage and other emuents.

LOSSES OF CROPS BY DISEASES AND PESTS.

The.loss caused lo fruit growers, farmers and market garden-
ers, by insect, bacterial and fungus pests, is lar greater ihan is
usually realised. No precise estimati is possible.-but experts oI
standing consider rhat it can hardty be less-than l0 per ceni. of the
crop; in money lerms, some f I5,600,000 p". an.ru-, The trouble
is likely to grow worse; improved communications tend to carrv
plant diseases all over the uorld, and no method is certain t6
keep them out from any country.

In orde_r lhat permanenlly -salisfactory 
methods of treatment

may be devised, it is very deiirable ro LnLw fullv the life historv
oI-the fungi and insects concerned and rhe physiological relatiori_
ships between the disease-causing organisni ;nd the host plant;
also to have detailed information 1bou1 :-

l. The eflect of cultivation and manuring on the suscepti-
bility of the crop to disease;

2. The factors determining the rate of increase and of de_
crease of insect, fungus or bacterial populations;

3. Methods _of direct -action, such as poisoning, and w.here
practicable, trapping, on the orga;isms caiiing disease.

This fundamental information is being obtained, and it is
being applied to the control of insect aod fuigus pests Ly :-

l. Alterations in time of sowing, methods of cultivation, or
manuring ;

2. Breaking rhe life cycle of the orgarisms in some wav (as
by the suppression of weeds oiother plants that a;t'as
hosts). or, in the case of insects, taking advantage of the
natural enemies, parasites, etc., that pi"y upo., ihe-;

3. D.iscovering new insecricides or fungicides lhat will not
injure the crop, but will kill or sevirely check the pest.

.In.addition attempts are made to avoid the dimculty alto-
gether by :-

1. Finding some variely of crop plant immune from the
disease.

Of Lhese, the first and fourth are the simplest for the farm-
though direct action is sometimes possible, as. for examole. the
use. of the fungicide Bordeaux Mixture for pota(o bliqlt,'and
various traps for insect pests, like the flea beetle.

Modifications in methods of culture to avoid pests and diseases
are already familiar to farmers, e.g., the late sowing of turnips
on light land to avoid mildew, though rt often causes the crop io
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suffer from drought by delaying root development. Examples
recently tested at Rothamsted include thc autumn sowing of beans
to avoid black aphis, and the earlier ripening of barley, brought
about by earlier sowing and modifications in manuring, to avoid
gout fly. This is probably in most seasons the simplest way of
dealing with irsect and fungus pests on the farm. Dr. Davidsoo
has studied the relationship between the manuring of broad beans
and their liabiJity to aphis attack, u'hile in the nerv glass houses
Dr. Brierley will investigate the way in which controlled nutrition
of the plant aiters its liability to fungus diseases.

No method of dealing with diseases and pests can, however,
be entirely satisfactory until more is known of the conditions
favouring the growth, dispersion, or migration of insect and
fungus populations, and the conditions under which the intrinsic
power of the organisms to cause disease becomes increased or
decreased. At present great outbreaks cao occur of which {armers
or fruit growers had no warning, and vet there must have been
factors at r,r,'ork causing the excessive multiplication of one out
of the many forms of life in the field.

!'or some years past Dr. Davidson has been studying this
problem of multiplication and dispersion, using the Bean Aphis
as his material During the summer period temperature and the
physiological condition of the plant profoundly affect the rate of
increase of the aphids. At a mean temperature of 70oF.
individual aphids took about eight days to reach maturity
and start reproducing: at 58oF. (mean) they took about
14 days, and at 55oF. (mean) about 20 days. On beans
infected in June, after the setting of the pods, the increase
in the number of aphids rvas 50 per cent. less than on plarts six
weeks younger, which were more succulent and had not reached
the flowering stage. The advantage of autumn sowing is that
the plants are well advanced before the winged aphids begin to
migrate from the winter host to the beans.

The method of reproduction of tlre insect is afected by the
external conditions. In nature the course of reproduction is for
the mothers to hatch out from the eggs in March and give rise to
a long succession of parthenogenetic generations. About October
sexual forms appear for the first time, eggs are laid and partheno-
genetic reproduction ceases. If, however, the temperature be
maintained (as under glass house conditioos), parthenogenetic
viviparous reproduction goes on throughout winter, as well as the
development of sexual individuals. At temperatures above about
?0oF., the reproduction of the parthenogenetic forms markedly
increases, but sexual forms occur more irregularly; the latter are
mostly females, though many of their progenitors, the winged
forms, die without reproduciog. Very few males are produced,
so that the normal sexual reproduction by the laying of fertilised
eggs does not take place.

The sexual method of reproduction seems also to be
associated with the normal winter host, which is a hard, woody
plant. Sexual females not only deveJop much more readily on the
spindle tree (the winter host) than on the beans, but in the cages
they lay their eggs on the canes supporting the muslin cover rather
than on the bean plant.
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Two other aphids have also been studied. The life cycle of
the hop damson aphis has been traced from the hatching of the
winter eggs in spring on damson trees to the appearance of the
sexual forms in autumn. Winged migrants developed on damson
and bullace in May. Some were traosferred to hops, on which
they produced generations of wingless forms until September, and
then winged males and remigrants (sexual female producers).
Those that had been kept on the damson and bullace reproduced
so freely that they kiiled all the leaves.

Three species of bulb aphids v.ere found on tulip and iris
bulbs received from store houses at Covent Garden, in November,
1925. Anwaphis tulip@ was the most important. They repro-
duced rapidly on the dormant bulbs and spread up the flowering
spikes of the growing bulbs, destroying them or stuoting the
flowers. IIaoy rvinged forms were found but no sexual forms-
The fact that winged males but not sexu3l females occur on tulip
bulbs in autumo, iDdicates that the sexual phase is completed on
another plant, used as a winter host.

Considering the mulritude of pests with which our crops are
beset, it is not easy to understand why any plant should ever
survive. There must be natural agents prevelting multiplication
of insects in this country, and one possibility, which is being
studied in the entomological laboratories, is that this natural
control is effected by parasites of the insect pests themselves on
the ancient principle that: " 'l'he little fleas have lesser fleas, and
so ad.;nftnitutt." 'fhere is reason to suppose that, if the parasites
could be sufficiently encouraged, they would keep down the insect
pests to manageable proportions. The possibilities are attractive,
but the difficulties are considerable-

The sugar plaoters of Hawaii have had the courage to try
the method. Dr. Imms visited the islands in 1925 to learo at
first hand horv it was answering in practice: he was favourably
impressed. Authorities in New Zealand are also adopting this
method in their efforts to get rid of earwigs, which have become
a serious pest. Rothamsted has been asked to find parasites of the
earwig and breed quantities for shipment out there. Puparia of
the Tachioid parasile, Digonoch@ta setipennis, have accordingly
been collected or reared, and sent out; the results will afford
valuable experience for other parts of the Empire. Parasites
of other pests are also being bred.

The converse problem is also attacked, from an entirely
ditrerent point of view, also for the New Zealand Government.
Gorse has become a serious pest, and all efiorts to keep it in check
have failed. A v.eevil, Apion ulicis, has been shown by Dr. Imms
to destroy some 40 to 80 per cent. of the seeds on g.orse shoots
selected at random; some 3,000 were collected and shipped tc
New Zealand, s/here the feasibility of liberatiog them on to the
gorse-infested regions will be tested. At the request of the ento-
mologist to the Hawaiian Sugar Planters' Association, Dr. Imms
has also transmitted a consignment of this same insect to
Hooolulu, with a view to attempting the control of g.orse on the
island of Maui- Arrangements have been concluded for collecting,
breeding, studying, and shipping to New Zealand quantities of
the insect, Corebus rubi, to destroy the brambles which threaten
to become so serious a pest there.
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Once an insect attack has begun, methods of direct action
must be used to cope with it. Two types are in common use,
trapping or catching by some mechanical or chemical means, and
poisoning by insecticides. 1'rapping was successfully used against
Boutletiella hortensis, a species of Collembola, which was found
in 1926 to be injuring seedling mangolds on our farm. Laboratory
studies by flr. Davies having shown the dependence of these
insects upon humidity, the trapping has to be carried out early
in the morning in dry weather, when the leaves are wet with dew.
Later in the day the insects leave the plants for the moister soil,

INSECTICIDES.
'fwo kinds of insecticidcs are used : stomach and contact. The

former are intended to poison the food of the insects aod are
sprayed on the leaves which they will eat. The latter are brought
into contact with their systems in some other way, either as
vapours, poisonous spray-fluids, or dusts.

The search for soil insecticides, using the wiren orm as the
test insect, revealed a number of interesting compgunds, among
them naphthalene, but was checked by the difficulty that these
compounds, though poisonous to the wireworms, serve as food
for some of the soil organisms, and are consumed when put into
the ground. No way round this difficulty has yet been found-

The work on spray insecticides has been more extensive.
There are two kinds :-

1. Those used in winter, which must be strong enough to kill
the eggs; fortunately, the trees are dormant, so that
fairly potent materials can be used-

2. Those used in summer against tbe active stages of insects,
some of which, such as the aphids, are easily killed.
But the trees, being now in leaf, are sensitive to injury,
and only those substances are usefu[ which are fatal to
the insect and harmless to the tree.

Certain vegetable products completely satisfy this require-
ment, Nicotine is the best known, but it is expensive. Mr,
Tattersneld and IIr. Gimingham have found other vegetable pro-
ducts at least as effective, especially certain tropical leguminous
plants, used by the natives as fish poisons. Derris elliftica, the
Tuba root of l{alay, and Haiari, from British Guiana, have
yielded a poisonous resin and a colourless, crystalline substance,
Tubatoxin, which is excessively poisonous to insects. Other
tropical plants, Tephrosia togelii, T. toxicorio, and T. macropoilo,
are also highly toxic to insects, but their poisonpus priniiples
have not yet been futly identified.
_ - Ma-ny synthetic chemical substances have been investigated,

their advantage being that they can be prepared in a purJstate
under rigidly standardised conditions. They are studied in their
proper chemical series, without regard to vr'hether they are
yet on the market, the purpose being to draw up a specification
showiog the types of compound required, to which i technical
chemist could work.

The hydrocarbons increase in toxicity with increasing
molecular n-eight up to the point where certain physical propeniei
are so modified that the substance cannot affect the insect.'In the
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aromatic series of hydrocarbons, the maximum toxicity is attained
with naphthalene.

Substitution of the hydrogen atoms by various other atoms
or Iroups, increases toxicity up to a certain point, but not beyond,
For the hydroxyl group the maximum is at one, for the nitro
group at two, and for chlorine at three atoms. These chlor deriva-
tives are ao@sthetics, putting the insects into a " moribund "
state lrom which, horvever, they recover. There is also a position
factor, but this varies with the type of compound; ortho-dichlor
benzene, is more toxic than para, but paranitrophenol is some-
what more toxic than the correspondiog ortho derivative.
Dichlornitrobenzene is rather less toxic than chlordioitrobenzene.

The methyl group increases the i.oricity when it replaces
hydrogen in the ring; xylene is more toxic than toluene and
toluene than benzeni. But it decreases toxicily when replacing
hydrogen in the OH group; the mttho\y group is less toxic than
the hfdroxy group, 'lhe toxicity, howcver, increases with the
number of meiho*y groups introduced, so lhat trimethoxy-benzene
(1, 2, 3), is more toxic than phenol, and much more so than
pyrogallol.

lhe effect of introducing nitro groups into the hydroxy
derivative depends vcry much on the number added' The first
group has lillle eflect; nitroplrenol is not much more toxic than
ihenol. A second qroup greatly increxses lhis toxicity, 2'4- and
)-6- dinitrophenol and 3-5-dinitro-ortho{resol are highly toxic
both to insects and to eggs;agaio, however, position comes inl
neither 2-5-dinitrophenol, nor 3-6-dinitro-paratresol being so
efiective. The maximum is reached with two groups, and the
trinitro compounds are less toxic.

The amino group is distinctly toxic, and the imino grouP even
more so; diphenylamine, and dibenzylamine being more toxic
than the mono- or tri- derivatives. Nicotine has been closely
studied. The units of which it is formed, pyridine and pyrrol,
are only feebly toxic; hydrogenation increases toxicity but not
to the level of nicotine.

The fatty acids increase in toxicity with increasing molecular
weight up to undecylic acid; dodecylic and tri-decylic acids are
less loxic; while myristic and higher acids are non-toxic. Some
of these acids and their salts are promising as summer washes,
and they are being further studied.

Although the vork was begun only comparatively recently,
it has had important practical results. Derris, Tephrosia, and
Haiari, all obteinable from tropical parts of the Empire, are
effectise as summer washes, while a promising rvinter wash
has been found in 3-li{initro-ortho-cresol rvhich, even at the
low concentration of 0,16 to 0.25 per cent., and whether free
or as sodium salt, completely cootrolled bad infestations of hop
damson aphis on plums and of currant aphis on black currants,
while on apples it practically eliminaterl psylla and aphids, and
greatly reduced winter moth; no damage was done to the trees.

The only fungicide studied extensively has been sulphur, for
use in the soil. Its action is erratic; it is sometimes efiective, but
not always; possibly the active aSent is not the sulphur itself, but
some compound formed in the soil. The subject is being further
examined by Mr, Roach.
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RESISTANCE AND IMMUNITY OF PLANTS TO FUNGUS
DISEASE.

Fungus diseases are being studied by Dr. Brierley and his
stafi in a-somewhat difierent manner. The easiest way of dealiog
with them is, where practicable, to avoid their attack by growing
immune or resistant varieties. 'l'he discovery of potatoes immune
to Wart Disease largely solved the practical problem in the great
potato growing districts. Much attention has been devoted by
Miss Glyone to the study of this immunity. Apparently it does
not arise from any power to keep out the fungus, for she has
succeeded in inoculating the fungus into shoots oI immune tubers,
where it continued living to the stage of the summer sporangia,
but, up to the present, it has developed no further- Apparently,
therefore, the immunity arises from the uDsuitability of the tubers
for the continued growth aod multiplication of the fungus.

Further, the immunity seems to be inherent in the tissue
itself; it is oot conferred by some chemical ageot produced in the
leaf and sent down to the tuber. Mr. Roach has grafted immune
tops on to some susceptible roots; thc new plants grew aod
developed tubers. Those produced below the graft remained
susceptible, while those above the graft were immune, yet both
were fed by the same Ieaves. Conversely, the grafting of susceptible
tops on to immune roots gave rise to mixed plants, the tops of
which remained susceptible, while the roots remained immune.

Furthermore, many if not most of the common parasitic
fungi consist of a greater or lesser number of distinct strains
which, although often looking alike, have difierent powers of
causing disease. Each straio has its orvn geographical or climatic
distributioo, although these often overlap or coincide, and each
strain can cause disease in particular varieties, or ranges of
varieties, of host plants. The field problem of disease is, in fact,
rapidly being understood as the relation betE'een particular
varieties of crop-plant and particular strains of parasitic fungi,
and this is throwing much light on the relative immunity of
varieties to certain diseases in particular areas and their sucepti-
bility in other areas or under other conditions. This knorvledge
has already proved of importance in the control of rust diseases
of cereal crops.

Dr. Brierley has been studying this problem in the highly
variable fungus, Botryris cinerca, which is very destructive on
many different kinds of crop and glass-house plants. The apparent
variability has been traced to the many constant and closely allied
strains of the fungls, very similar morphologically, but difiering
ridely in their physiological properties. There is evidence,
which will be tested, that each strain has its particular
range of host-plants, on which it can produce disease.
One strain suddenly gave rise to colourless, instead of black
sclerotia, and this new form remained constant for over 1,000
generations. This type of change is not infrequent in particular
strains of many species of fungi, and occurs not only in pigrnent
formation, but in structure, aod much more importaotly, in physio-
logical and parasitic qualities. There is, thus, always the possi-
bility that a particular strain of fungus may change, and so
diminish or extend its power of producing disease in cropplants.
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As this problem of fungus-strains seems of Sreat imPortance,
much attention has been devoted to it.

Dr. Chodat iovestigated from this point of view a saprophytic
fuogus, Aspergillus ochraceus, and a tomato parasite, Phomo
alte1naiacearum, and observed remarkable gEoetic chaoges in
pedigree strains. His results are set out oa p- 76.

ItIr. Dickinson has studied the covered smuts of Oats and
Barley, both very destructive fungi. The black bunt or dr.tst of
rhese fungi consists of microscopic spores, about l/2600 inch
diameter, and each of these gives rise to four very much smaller
sporidia. By means of his " Isolator," Ir{r. Dickinson can, with
certainty and at $'ill, isolate single sporidia, which are then g'rown
in pure culture, until they form colonies an inch or more in
diameter. 'l'he sporidia and their subsequent colonies are of one
or other of trvo genders (" sex "), and fusion has been found to
occur betrveeo them. The microscopic structure and physiology
of the pure strains derived from single sporidia of both Ustilago
hod.ei arod U. le'ois, and of the fusion products when different
genders of the one fungus or one gender of one fungus and the
6ther gender of the othir fungus combine, have been studied in
detail.- Neither gender by itself appears lo cause disease: onl-v
rvhen both gendeis are present is the plant attacked. The para-
siric qualitiis of these ltrains will be further investigated and
special attention paid to genetic changes.

VIRUS DISE.{SES OF PLANTS

Perhaps the most obscure of all plant diseases are tJrose
studied by Dr. Henderson Smith, grouped under the name, Virus
diseases, including trlosaic, leaf curl, etc. They are spreading,
and they cannot as yet be prevented or cured. They are very
easily transmitted from one plant to another, not only of the
same kind, but, in some instances, of different kinds. They can
be transmitted by contact, by insects, and in other simple ways,
Their cause is unkoown. Many organisms have been isolated from
diseased plants, but, so far, none that produces the disease, nor
can any casual agent yet be cultivated outside the plant.

There is reason to believe that several distioct types of these
diseases, due presumably to different viruses, occur in nature.
They may exist singly, or in combination in one Plant, either
producing symptoms or not; thus potato mosaic and tomato
aucuba mosaic both afiect tomatoes, giving characteristic symp-
toms, but the two together produce the harmful stripe disease.
Owing to much preliminary work done by Dr. Henderson Smith
on these problems, more searching investigation has become
possible.

BEE INVESTIGATIONS.

Bees are studied at Rothamsted as honey producers; their
diseases are investigated at Aberdeen.

Mr. Morland has been engaged or two problems of import-
ance to beekeepers in this country: the possibility of using metal
combs and the best way of arranging the frames in the hives.
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The first of these problems has been solved. Metal combs
are unsuited in English conditions for the W. B. C, type of hivex
owinB- to the bees overrvintering badly. Their use also necessi-
tated a considerably heavier insulation of the hives than is
customary.

1'he second problem is more difficult and has not yet been
solved. The frames may be arranged parallel with the front of
the hive, the so-called " warm wayl" or at rigbt aogles to it, the
" cold way "; it is not yet decided which is the better.

Mr, Morland visited Eastern Canaila and the Uoited States
during the months March to June, 1926, in order to study the
methods of bee management successfully adopted there; he spent
considerable time \r-ith the staft of the Bee Culture Laboratory
at Washington, D.C,, and with Professor Phillips, of Cornell
University, to all of whom we owe a dcbt of gratitude for their
courtesy to him.

* The hive designed by Mr. lV. Broughton Carr.
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METEOROLOGICAL OBSERVATIONS.

Meteorological observations have beeu systematically made at
Rothamsted for many years. The deviatioD of sunshine, mean air
temperature and rainfall from their average monthly values is shown
in Figs. I and II for the season 1924-25, and, 1925-26 respectitely,
an excess being recorded above the horizontal lioe aod a deficiency
below.

The records now taken at Rothamsted are as folloE's:-
Cottinuous se$-re gistering recotd,s ol:-

Barometric pressure. (Negretti and Za$tbra barograph.)
Radiation. (Callendar recorder.)
Sunshine. (Campbell Stokes recorder.)
Wind direction and velocity. (Negretti and Zambra anemo-

biagraph.)
Rainfall. (Negretti aod Zambra hyetograph.)
Drainage through 20 inch, 40 inch and 60 inch gauges.

(Negretti atd Zambra special design.)
Air temperature. (Negretti and. Zasrbra thermograph,)
Soil temperatures at 4 inch,8 inch and l2 inch depths, both

under grass and in bare soit. (Negretti atd Zambra
recordirg thermometers and Cambridge Instrumeot Com-
pany electrical resistance recording thermometers.)

Records taken at stated, hours each ilay.
In addition to the above, the usual barometer, air and soil

temperatures and rainfall readiogs are taken at g a.m.; these are
supplemented by further readings at 3 p.m. and 9 p.m. of certain
selected factors-v/et aod dry bulb for relative humidity and dew-
point, soil temperature at 4 inch and 8 inch depths. A daily
reading is also made of a simple atmometer, to obtain a measure
of the amount of evaporation from a wet surface during the pre-
ceding 24 hours. Full notes are also made of the general weather
conditions.

The'detailed information obta;ned from these records and
observations is employed by the Statistical Department in inter-
preting the crop records, and is also used, together witi pheno
logical notes and observations of crop growth, in drawing up the
monthly statement for tie purpose of rhe Crop-Weather Report
of the Ministry of Agriculture. The continuous self-registering
records are used by the Physical Department in their studies of
border-line problems between Meteorology and Soil Physics.
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SCIENTIFIC PAPERS
Published 1926 and 1926, and in the Press.

I._CROPS, PLANT GROIVTH AND FERTILISER
INVESTIGATIONS.

(Botanical, Chemical, Insecticides aud Fungicides Departmeuts,
and Field Experimeots Section.)

I. K. WenINcrou. " A Botanical Study of the Flar Plont.
llanwial Pot Expetitnents zoith Flar." The Linen ln-
dustry Research Association, Research Institute Mem-
oirs, Vol. III., pp. 29-36.

As varied opinions are held on the best manuring for flax,
\e'ater culture and pot experiments (with soil and sand) were car-
ried out to test the matter further, particularly rtr'ith regard to tlle
importance ot potassium and phosphorus. When a heavy and poor
Rothamsted soil was employed, an addition of potassium or nitro-
gen caused but little improvement in the crop, whereas a dressing
of phosphate was of coosiderable benefit, I'hus, although potassic
lertilisers are usually regarded as especially beneficial for flax, in
the case of this soil phosphate plays the rnore important part. Early
start aod early maturation in particular appear to depend on the
supply of phosphate. On the other hand, nitrogenous dressings
defioitely retard ripeoing, and are uosuitable as fertilisers for flax,
unless, of course, there is an actual nitrogen deficiency in the soil.

In sand and w'ater culture, as rvould be expected, tie use of
both potassium and phosphate, as well as the other nutrient salts,
was found to be necessary. 1he greater importance of phosphate
was also evident in these cases, especially in sand cultures, since
additional supplies of potassium proved useles5 in the absence of
an adequate amount of phosphate; and further, luxuriant growth
was possible for some time whcre Do potassium had been given,
provided that a large quaotit)' of phosphate $?s present.

The results from these tlrree types of experimenl thus afford
corroborative evidence as to the importance of a liberal supply
of phosphatc, and at the same time show the possibility of danger
arising from lack of potassium or excess of nitrogen.

II. W. E- BRE^-cHLEv, E. J- lles<rn, and K. 'WARIT*crcN.

" 'l'he lflter-relalioi betlleen Silicon and other Ele-
nents in Plant Nntrition-" Annals of .{pplied Biology,
1927, Vol. XIV., pp. 45-82.

The role of silicon in plant nutrition has attracted much atten-
tion owing to the larige amount that is lbund in cereal plants, but
the true function of the element is still debatable. Widespread
belief exists that silicon is capable of replacing phosphorus or other
essential elements to some extent, and experiments were under-
taken to endeavour to throw light on this point.

Under controlled conditions in water cultures, soluble silicate
vas found to have little eflect upon the growth of barley if phos-
phorus r,yere also present, but if the latter were absent, a signifi-
cant increase in dry weight was induced by the silicate, The
addition of silicate caused an appreciable increase in the height
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of the main shoot, which was most marked in phosphate-free solu-

tions. becoming less evident as the quantity of phosPhate present

was increased.- Leaf development was rerarded by phosPhate deh-

ciencv. and hastened bv the addilion o[ silicate' A close assocra-

ii"" 6ii.tr between the-amount of phosphate present and t}re efrect

of silicale upon the rate of tillering and the oumber ol tlllers
developed.

Tire possibility of obtaining soluble silicates in considerable
oruniii, i.o- ceriain manufactluring processes led to an enquiry
is to rihether such silicates could advantageously be used to sup-
.rl"-".rt o. even rcDlace cerlain of the artificial lertilisers in com-
'-.,., ,r.". Soluble'silicates lend to cause increase in dry weight
with deficient mineral manuring, and in some cases also with com-
plete manurint, and they are -morc active in this respect lhan are

!iaii .itic"tn.l' Furttrei soii experiments revealed variations in
ih" ."apont" ol barle; and muslard to ;ilicate on different tyPes

of soil.' A eeneral improvement occurred with increasing doses of

iill.ut" togitt ". rvith'various combinations oI manures, nolably
when phos horus or Potash was deficient.' ii," .i.nifi.unce 'of the resulls obtained has been examined
statisticallf and an allempt made to foimulate the effect of added

silicate in'ierms of an inirease in the cfficiency of rhe super-
phosphate present.

III. W. E. BRENcHLEY and K. W-ARINGToN, " The R6le ol
Boron ia the Grcllth ol Plants." Annals of Botany,
1927, Vol. XLI., PP. 1-21.

The importaot r61e of boron in the nutrition ol Vicia loba 'tas
clearlv shoin in Warington's earlier work, but it remained to be

orove'd whether the ben;ficial action of the element is a general
'ph"no-"non or is conhned to particular conditions. of -grouth'
hurther e"pe.iments suSgest that the need of certain plants.for
boron is unafiected by thinature of the substratum on which they
grorv, the conditions of aeration at the roots or, in the case of
ieguminous plants, the presence or absence of nodules thereon'
Pi..t. g.orut in water cultures need the €iement irrespective of the
..r-oosition or DH value of the nutritive solution. The concentra-
tion of boric ucid upp"u.. to be of little moment provided that an
adequate, though n& excessive, total suPPly is provided over a
given period, b;t this lotal supply can be reduced when the nutri-
t"ir,.e sol,rtion is frequently renelved. fhe need for boron still
manifests itself even lvhen-the nutrient solution is kept at approxi-
mately constant concentration by means of drip cultures.

ioron per se is shown to be the active principle in- these
Dhenomena. for the chemical combination in which boron is pre-
iented to the plant is immaterial, even the so-called " insoluble "
borates being effective; but no otier element, out of fifty-two
tested, has p"roved capable of replacing boron. Special attention
has been girrett to -i.tgut ese in this connection. It has been
claimed by- other workers that boron is probably essential to the
growtl of alt plants, but so far in these experiments this has only
6een proved for several leguminous planis and for melon' *'hereas
variois ce.eals and candltuft complete their development in its
absence. It is not yet certain whether the distinctioo between
these two classes is rial or merely a matter of degree, i.e', whether
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the secood. class_ require so little boron that a sumcient supply is
stored up.in their seeds. The physiological function of boron in
the nutrition of broad bean is under investigatio[. Boron is not
able to replace any one of the essential nuiitive elements, but a
definite associatioo with the absorption or utilisation of calcium is
very strongly marked. The boron does not act as an ordioan,
catalyst, but is itself absorbed,- ard in some way removed frori.r
action, a constatrt supply thus being necessary.

IV. K. WARNGToN. ,, The Changes IndrceiL in the Anato-
,nical Srrtcture of Vicia labo by the Abserce of
Boron from the Nutient Solution." .{nnals of Botanv:
1926, Vol. XL., pp. 27-42.

_ --Broad beaos grown in a medium entirely free from boroo
exhibit characteristic symptoms in t}le shoot and root. The stelll
withers and blackens at the apex, the iniury graduallv travelline.
down the plant, while rhe root:ystem becimt itunted,'the laterali
being ferv in number and often ihickened. The anatomical struc_
ture oI such plants is shown to be abnormal, *.hereas the anatomy
of plants supplied with a nutrient solution containing a .-ail
quaotity of boron, e.g., boric acid I : 2,ir00,000, is similar to that
of plants grown in soil.

The principal chaDges induced by the omissioo of boroo are :
(c) Hypertrophy of the cells of the cambium followed by de-

generation with discoloratior, or direct disinteerition
of the same lissue without previous enlargementl

(b) Frequent disintegration of phloem and ground tissue.
(c) Poor development of xylem and in some cases ultimate

breaking down of this tissue.
A definite connexion exists between the presence or absence

of boron and the anatomical structure, aud thi correlation of this
with the meristematic activity of the plant is discussed.

V. E,J. MesreLL. " Field Obserualions on Statch ptoduc-
,ion in lhe l*aoes ol the Porato.', Annals of Botany.
1927, Vol. XLI., pp. 327-3{4.

This_ paper gives a preliminary survey of the physiological pro-
cesses of starch production in the leavej of potaio-plantJ (varietv
Kerr's Pink) subiected to various manurial treatments. Tire four
treatments were (l) No Potash: (2) Potash as Sulohate of potash:
(3) Equivalent Qriantity of Chloridi of Potash; (4i potash Manure
Salts equiyalent to other treatments in K2O content. This manure
contains a higher concentration of chloride than (g), FuU details
of treatmeots are given on page 138,

The method used to estimate the starclr consisted of com-
paring the colour tones dcveloped by the Sachs iodine test with
the appropriate colour standard in Ridgeu:a_v's ,, Colour Standards
and Nomenclature," (No, 69 ""). Laboritory experiments with
starch impregnated filter paper showed that an increment in tone
number corresponded with a proportional increment in starch con-
ceotration.

The experimental procedure consisted of covering a pair of
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leaflels with small light Proof paper bags, leaving them to trao-s-

locale over-night. Next day' one of the baSs on_ each ol srx
oairs was removed for 3 hours, and afler the leaf had been ex-
posed lor 3 hours, that leaf and its covered pair were removed'
'l'hi. g^rre a tr.ai,lre of net assimilation. On eleven occasions
between September 4th and 2lst' samples were taken. 

-
The dita were analysed by Fisher's variance method, and

the difierence between two meani which was statistically significanl
determined to. be 0.588.

The following table shows the superiority of the KrSo. treate<l
samples :- K,So,-KCl : 0.b28.

K,So.-P.M.S. : 0.?74.
K,So.-NoK : 0.654.

The chloride treatmenlts give a starch production not signi-
ficantly greater than the no potash plot. The low rate oJ starch
oroduitit n in the less favourable treatments is shown to be asso-
ciated with, though not casually related to, a low rale o[ starch
removal. i'he analysis of variance shows that tiose portions due
to occasion are significant. Some of this is ascribable to age and
some to radiation.

A series of correlations bet$"een (1) Starch production, (2)
Radiation, (3) Age, was determined with the following results:-

r.,e is hardly sigoificaot, but rg.s and r1.s are de6nitcly
so, The partial corlelatioDs rre,s and r18,, for each treatmeDt
seDarately show that the only significant correlation of slarch
prtduction with radiation is on the no Potash plot, and that this
plot has the lowest correlation of starch production with age.

VI. w. A. RoAcH. ".4 Laboratory A?poratus lot the lI/et
Gtinding ol Pldnt f iss es out ol Contact uith Air."
Bioche;ical Journal, 1925, Vol. XIX., pp. 783-786.

A simple laboratory apParatus was designed by me,ans of
which potaio tubers or aimilar tissues could be pulped suffciently
froely to ensure almost every cell being broken. The whole opera-
tion'may be done in an atmosphere of an inert gas.

VII. ,w. A. Roacn. " On a labile Blue Con?o,,r.d from
the Potato Tuber." Annals of Botany, 1925, Vol-

XXXIX., p. 883.

Juice obtained by pulping potatoes and filtering the juice,
both operatioos being cariied out with careful exclusioo of all
oxygen {Paper No. VI.1, was of a bluish green colour. When air
*oiaaoiltt"a very cautiously, the colour became bluer and darker,
then changed through shades of green to a bright yellow ; the blue
colour wai discharged by sodium hydrosuiphite, but came,again
on introducing more oxygen. The yellow colour was unaffected
by the sodium h]'drosulphite. [n these respects the blue compouod
resembled the one obtaioed by Haas aod Hill (Biochem- J. 1925,

XIX. 236) {rom ltlercurialis perennis.

VIII. E. M. Cnowrnen. " A Note on the Atailabilily ot
Otganic Nitrogen Cotnpounds in Pot Experiments."
Journal of Agricultural Science, 1925, Vol. XV., pp.
300-309.
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A comparison was made of the manurial action of sixteen
typical nitrogen compounds io pot experiments on barley, followed
by mustard. An index of the availability of the nitrogen was
afiorded by the values for the total arnount of nitrogen recovered
in both crops (excluding the roots) in excess of thit of the un-
treated series, expressed as a percentage o[ the added amount
(0.5gm. per l0 kilos of soil). ln order ol decreasing ava.ilabilities
the compounds gave the following percentag.e recoveries of nitro-
gen: 60-70 per cent., animoacetic acid; 50-60 per cent., sodium
nitrate; 40-50 per cent., oxamide, ammonium sulphate, dried
blood, acetamide;30-40 per cent-, egg albumen (nitrobenzene),
peptone, pryidine, sodium uratc;20-30 per cent., sodium cyanide;
.10-20 pcr (ent., d-Napthylamine (aniline); Iess than l0 per cenl.
(acetanilide), hydrazioe.'l'he three substances enclosed in brackets
gave irregular resultsl nitrobenzene prevented the germioation of
barley, aniline and acetanilide ser.iously reduced the g.ermination
and fina1 yield of barley ; nitrobenzene and aniline gave abnormally
heavy growths of mustard.

IX. E. M. Cnorvrnrn. ', Further Expeiments on the Eflect
of Remoz.ting the Soluble Humus lrcm a Soil on its Pfo-
ducti-,teness." Journal of Agricultural Science, 192b,
Vol. XV., pp. 303-306.

In 1915, Weir published an account (lourn. Agric. Sci- (19151-
Vll, 2{6-253) of poi experiments f.o- *-hich it aipeared tiat the
removal of a considerable proportion of the soluble humus by acid
treatment and repeated extraction with alkali had no efiict in
diminishing the productiveness o[ the soil. Six further crops have
been grown in the pors set up by Weir, and an analysiJ of rhe
u-hole of the data from two independent series of experiments
(with 10 and 7 crops respectively) in each of the two solils shows
that his conclusion must be modified, The results of several catch-
crops of mustard and rye, grown out of season, are excluded, as
they failed- to make appreciable growih. The remaining crops(i in the first and 4 in the second series) made a sati;facto;y
growth. ln both series lhe extraction of a heavy loam from Hai-
penden Field increased tlre yield in lhe 6rst a;d second crops,
but decreased it in the sucieeding crops. The extraction of a
garden soil from the Ailotment decreasid the yield in all cases.
except for a slight and scarcely significant inirease in the first
crop in one series only. There is thus no evidence {or the view
that the soluble humus is unimportant as a source or reserve of
plant food.

X. E, J- RussELL- " The lnstihtte ol Breoing Research
Scheme ; Third, Report or. the Experiments on the In-
fluence ol Soil, Season and, Manuring on Lhe euality
and Groath of Ba ey, 1994,,' Journal of the Institute
of Brewing, 1925, Vol. XXXI. (Vot. XXII., New
Series), pp. 548-561.

This paper gives a full account of the uork discussed on p. 20.
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XI. H. LLoID HIND, H. THREADcoLD and C. W. B.
ARNoLD' " T'he Determination ol the Diostalic Pouet
ol ltlolt and Ba ey." loutnal of the Institute of Brew-
ing, 1926, Vol. XXXII., PP.26-32.

An improvement in the standard method of determination of
diastatic power, by working at a constant hydrogen ion coocen'
tration cJrresponding to pF {.6, obtained by the addition of an
acetate bufier.

XII. R. G. \MARREN, C. T. Gr,urscnau and H. J. Peca.
" 'I'he Chenistry ol Bosic Slag I. The Detetmination
ol Fluorine in Basic Sldg." Journal of Agricultural
Science, 1925, Vol. XV., PP. 516-528.

A method is described for the determiDation <.rf fluorine in
basic slag. The fluorine content and the citric solubitity of a
number oif basic slags are compared. On the assumPtior that
fluorine in basic slalg locks up in an unavailable condition an
eouivalent amount oI phosphaie, in lhe form of fluorapalite
lCa, (PO,),[ CaFr, an " ivailability va]ue " is calc,ulated -from
ihe 

"fl 
rrorine 

-iont ent. In general. the values so obtained run
oarallel rvith the citric solubilities, but certain discrepancies occur,
ivhich will form the subject of further work.

II. STATISTICAL METHODS & RESULTS.

(Statistical DePartment.)

XIll. R. A. FrsHER. " I'heory of Slatistical Estimation"'
Proceedings of the Cambridge Philosophicat Society'
1925, Vol. XXIl., PP. 700-725-

An ordered exposition of the recent developrnents- of t}e
theor\ o[ statislical estimarion' and of the criteria which now
exist'Ior judging the value of statistical methods. The proper-
ties. Erst ;f c'-ons'istent. and then of efficieot statistics, are deduced,
and a general method is given of obtaining an effrcient statistic
without- tbe solution of trinscendental equalions. A property of
efficient statistics is utilised to supply a measure of the intrinsic
accuracv of error distributions, and this in turn to extend the
notion of efficiencv to statistics derived from small samples. The
oeculiar charactei o[ stalisrical estimates classed as sumcient is
e'lucidated; and, in the absence of these, a method is given of
evaluating the loss of information involved in the maximum likeli-
hood solu-iion, and of other emcient statistics. Finally, it- is showo
how ancillary. statistics may be used to remove this residual loss

of information.

XIV. P. R. -q.lisELL and R. A. Frsnen. " Note on the
Nunericol Ettaluation ol a Bessel Fttrlctiofl Dedooli'ne"'
Proceedings of the London Mathematical Society, June
t925.

In the evaluation of a numerical expression involving the deri-
vative of a Bessel function uith respect to its modulus, it was
found to be expressible in terms of the cosine-integral tabulated by

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-1-84 pp 61

60

Glaishcr. This suggested the possibility that a general relation-
sDrp, hrtherlo unsuspected, might subsist between the two [unc_trons, On examination, such was founC to be the case. and in
the present note the derivative, for values of the modulus eoualto the halves.of odd integers, is expressed in terms of the sin'e_ano coslne-lntegrals.

XV. R. A. FrsHER. ., The Resemblance between Tlarizrs. aStatisticol Examination ol l_auterboch, s U"o"ire_ments.,, Genetics, f928, V;t. X., pp. SOS-fZO. 
-

_ Previous data on the resemblance between human tv/insthough somewhat scanty, have .to*n rtemseiues ;;;;-;;;:llon rn surprlsrng. disaccord rvilh lhe current bioloeical theorv oftheir. origin. - In this paper lhe extensive "".ies-;f-;;;";;;;,";oDramed. by. Lauter.bach has beeo examined, and is found on eachpornr ro De rn substantial ag.reement with biological theory. Therersrvery rndrcation, B,ithin the group of like-se-x twins. 6f 
^ ".,r,_srderable ctass of genetically identical pairs, the correlation

Detween whose measul.ements is found to bi about .g2; moreover,in the_absence of errors of measurement, an even higher aeg.e. oiresemblance is indicated.

XVf. R. A. FlsHER. ,, Sur la Solution de l,eouation In-
tegtale de M. V. Romanoashy.,, Comptes'Rendus del,Academie des Sciences, 19i6, Vol. blXiif., -pp.
88-89.

_- The Russian mathematician Romanovsky had exDressed thedistribu.tions obtained by sampting the normil f;;q;;;;; 
"r;I*;ln.the lorm ot an ,ntegral equation, The present ;ote gives thesorutton ot lhe equation and demoostrares its agreement-with thedrstnbutions prev iously 

_ 
obta ined by the authoi from considera-

trons ol the geometry of Euclidean hyper_space.

XVII. L. H. C. Trppsrr. ,, On the Eflect o! Sunshine at
ltheat yietd. at Rothdmsted.,, I"il*a ,jf n*il.il*i
Science, 1926, Vot. XVI., pp. tiS-fOO.

-- The object of this enquiry was to ascertain to what extent-
rr_any, the apparent deleterious effect of rainfall uoon the vield oiwheat at Rothamsted should be ascribed to 

"""lr.i"t"a 
i."t Jisunshine, and in so far as the reco.ds would "lf.* i. ""J".i.the independent effect of the lalter. The method emoioveJ Jrlto utilise the €ffecrs-of rainfall previously .btri*d i;i #;;;;l;lu-year perrod, and trom the 34 years' sunshine records to obtain(i) the regression and residuals o1 .rn"hin. ,p"" i"i.iJr.iri'iiii

the regression of crop residuals upon strnshin'e residuals-' 
- - ' '

The correlarion o[ rain and sunshine is ontv anout-b.g:1. ,na
the effect ascribable to rain is in all essential f.it*.. ,."f,"ri""Jla small proportion of the harmful effect of rainy -""if."i i.",riApril to August should, hor*.ever, be ascribed to'"".o"i"t"a 

-ir".t
of sunshine. The predominant effect of sunshine aoo"r."--h.,*-
ever, to be in the end of autumn (October-Decembe.i.' 

"r"J"iii"othat bright weatier is importaot ai this seasoo io s;;il"i'n*;:
seed ard establishing the seedliog plants.
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XVIII. W. A. MACKENZTE, " Note on o Rematkable Cot-
rclalion betueen Grain and Sttolu, obtaifled at Rothaflr-
sted.." forrnal of Agricultural Science, 1926, Vol.
XvI., pp. 275-279.

A considerable amourt of unpublished material has in the past
been accumulated at Rothamsted upon the important subject ol
the correlation between grain and straw from eereal crops; when
the yields from a recent uniformity trial with rvheat (Sawyers
Field) were examined, it rvas therefore at once observed that the
grain and stra$. were there correlated rn quite an exceptional
degree. The correlation was found to be no less than 0.990, and
in the present paper the signifrcance of such a result is examined
in relation (i) to the uniformity of the field, and (ii) to the accu-
racy of the newly-established methods of plot technique.

XIX, R. A. FrsHER. " Baye's Theorem and. the Fourfolil
I'able." The Eugenics Review, 1926, Vol. XVIII.,
pp. 32-33.

Considerable statistical controversv has been aroused on the
guestion of the distribution of a certairi quantity X'2, necessary to
test the independence, when calculated from a fourfold table. Prof.
Pearson's original theory that its mean value is 3, having been
disputed upon different grounds by Yule and Fisher, who agree
that the mean value must be unity. In the present note, the
large number of 11,668 fourfold tables, put on record in a recent
paper by Mr. E. S- Pearson, is utilised to test the point. The 17
averages obtained range from 0.8926 to 1,0882, the general aver-
age being almost exactly unity.

XX. R. A. FrsHER. " On the Random Sequence." Quar-
terly Journal of the Royal Meteorological Society, 1926,
Vol. LII., p. 250.

The " runs " of increasing or decreasing sequences which
occur in a series of numbers arranged in random order are of
some interest to meteorologists. This note gives the mathematical
distributioos of the frequency of length of run.

XXI. R. A. FrsHER. " Applications ol' Stud.ent's' Distri-
bution." Metrot, 1926, Vol. V., pp. 90-104.

XXI. (a) R. A. FrsHER. " E..?ansion ol'Student's' In-
tegralin Polrers ofn-1." Metron, 1926, Vol. V., pp.
I09-112.

The increasing use, both in agriculture and in general statis-
tics, of the error distributions discovered by " Student " in 1908,
has created a need for improved tables. The opportunity of their
preparation by that writer was taken of publishing simultaneously
a comprehensive accouqt of the flumerous applications to which
his methods have since been shorvn to be adequate. The first of
these papers explains and illustrates the several groups of prob-
Iems, of which an exact solution is provided by the tables; the
second gives the expansion formula by u'hich values outside the
range of the tables may be calculated, and in parts of the region
tabulated increased accuracy attained.
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III. THE SOIL.
(Chemical, Physical and Statistical Departments.)

(a) MECHANTCAL ANALYsts.

XXII. A Sub-Committee of the Agricultural Education
Association. " l.he l[echanical Analysis ol Soils t A
Report on the Present Position, and, Recomnendations
lot a N e,zo Ofi.cial trIethod,-" Journal of Agricultural
Science, 1926, Vol. XVI., pp. 123-114.

This paper condenses the results of over two years' investiga-
tions at a number of centres, including Bothamsted. 1'he rvork of
the Sub-Committee was co-ordinated fiom Rothamsted by Dr-
Keen- A thorouglr examination has been made of the function and
significance of mechanical analysis in the light of recent advances
in our knowledge of soil, and a comDrehensive trial has been
made of (a) a new method of dispersion, and (b) an improved
single sedimentation method of analysis. These new procedures
have been compared in detail with the original beaker method
adopted by the Association in 1906, anJ, on the recommendation
of the Committee, have been officially adopted in place of the
older method,

Treatment of the soil with 20 vol. hydrogen peroxide prior to
addition of hydrochloric acid is shown to efiect a much better
dispersion of the compound particles than that obtained with acid
alone. The efficiency is due to the action of the peroxide on the
cementing organic matter, some 80 per cent. of which is removed
as gas or rendered soluble. There is at the same time a small
chemical action largely confined to the finest mineral particles, a
loss of I per cent. to 2 per cent. being usually found.

The dispersed material was submitted to mechanical analysis
both by the old beaker method and the ne$. method, which depends
on taking samples with a pipette from the sedimenting column of
material at specified depths and times.

The complete set of tests iqvolved four series representing the
combination of the two methods of dispersion with the two
methods of analysis, and the full set s'as done on each of eight
carefully chosen typical soils.

A complete set of experiments was carried out at Rothamsted,
Leeds and Bangor, so that comparisons were available of the
same methods in the hands of several diferent workers. Thus verv
adequate data were obtained on lvhich to base the recommendatioir
of the new method, full details of which are given in paper No. C.

XXIII. J. R. H. Courrs and E. M. CRowrHER. " A Source
ol Errot ia the Mechanical Analysis ol Sed,iments by
Continuor.ts Weighing." Transactions of the Faraday
Society, 1925, Vol. XXI., pp. 374-380.

In the determination of the size distribution curves of suspen-
sions by the method of continuous weighing of tie sedimeot
accumulated on a balance pan hung near the base of a column of
suspension, all previous \e,orkers have tacitly assumed that the
course of the sedimentation is unafected by the presence of the
pan. This assumption has been examined experimentally and
found to be incorrect- The pan shields the liquid below it from
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the etrtry of particles from higher levels, whereas tlle liquid in
the ann;lar rigion between the pan and the waUs of the vessel

exoeriences no-such effect. Hence, the louer density of suspension

im'mediately below the pan after the sedimentatioo has.proceeded
io. " 

f"* irinutes, inevitably sets up a flow of liquid which -inter-
feres with the free vertical fall of the particles' With the large'
narrbw-rimmed pans hitherto uscd, the observed yields are apPre-
ciablv below the theoretical values. In cxtreme cases' with about
lcm.'betreen the pan and the base of the cylinder, th-e-observtd
vields mav be as low as 70 Der cent. of the theoretical yields' With
ih" pun ilo." to the base, the error is smaller, but there is a
.aoid chanee of vield with verv small changes in the position of
thl oan. ihe eitent of the d-isturbance varies with the size of
itre pa.ticle. and thus produces a distortion of the distribution
curl'e.

(b) PHrsrcAl PRoPERTIES.

XXI\I. B. A. Kcex. " 'Ihe Physicist in Agriculturc, uilh
sbcciol relercncc !o Soil Problems." Lecture to the
Ilstitute o'f Physics, November, 1925. From " Physics
in Industry," Vol. IV. (1C26).

A connected account of lhe properties of soil from the vier'
Doint of the ohvsicist, and based very largely on the work of the
'Soit Phvsics'fieoartment at Rothamsted. Among the subjects
dealt wiih are paiticle size and its measurementr the soil colloids,
th" -ect..,is.ri of water movement in soit, soit tilth and soil
cultivation.

XXV. B. A. Krew, E. M. CRorvrHER and J. R. H. Courrs'
"'l'he eztaporation ol l|/ater lrcm Soil. 111' . A.Ct-iticol
Stuily ol' the Teciniqte." Journal of Agricultural
Science, 1926, Vol. XVI, PP. i05-122.

Exoeriments on the evaporation of water from a soil paste

soread'io shallow pans, shoived that the drying proceeded very
iireqularly over thL soil mass. Considerable Poitio,ns became

alm-ost completely dry, whilst other Portions remained v-ery wet'
There was a roulh relationshiP between the form of the dry patch

and the shape o-the corresponding evaPoralion rate curves.'
An impiovement in technique was efiected by exposing the soil

in thin lavirs below glass platis. Under these conditions, repro-
ducible risults rvere"obtained. Soil and kaolin' but not sand,

gave considerable linear portions over the -region of decreasing
iate of evaooration. Tesls on soil exposed as central discs, or
oerioheral rings. and on partially covered full plates, shou€d thal,
Lwing to the 

-t],pe of air'cutrents set uP, the drying was largely
con6ned to the'outer edges during the early stages.

The establishment of a moisture gradient in this way was
subsequently opposed by the lateral movement of water by
capillarity.' Bv interoosing a barrier to the lateral spread of the air
currenis. the'rate -of evaporation was reduced to one-quarter arld
the resulting curves approximated to the liming case of slorv
evaporation, i.e., vapour pressure curves.

"Ihe evaporation of water is controlled by two grouPs of
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factors depending on (l) the soil-water relationships, and (2) the
environmental condilions. The latter group includes such factors
as diffusion of water vapour from the soil to the acid, and bulk air
movements set up by (a) the temperature gradient from bottom lo
top of the evaporating chamber, (b) the cooling of the soil by
evaporation, (c) ioevitable disturbance in the weighings, (d) the
lower density of moist air. Thus the environmental conditions
are very complex and liable to irregular chaDges from one experi-
ment to another'. Difierences in the rate curves for various
materials cannot, therefore, be attributed solely to the \r?ter
relationships of the material. Where the results are obtaioed bi
a carefully controlled and reproducible technique, certain com-
parisons can be made, but caution must be exercised at present
in associating precise physical explanations with the shape of
the complete rate curves.

XXVI. w,. B. HArNEs. " Studies in the Physicol Propeiies
ol Soils. II- A Note otu the Cohesion Det'elopeil. by
Capillaty Forces in an ld.eal Soil." Journal of Agricul-
tural Science, 1925, Vol. XV., pp. 529-535.

In this note an approximate calculation is made of the forces
due to surface tension of water-films distributed through an
" ideal " soil consisting of an assemblage of uoiform spheres in
regular packing. An expression is obtained for the value of the
cohesion or shrinkage pressure produced, which shov/s that,
although the cohesion rises toward zero moisture, it approaches
a fiDite limit, If moistures are expressed in percentage by weight
(as is usual in soil work), then rhe calculation is only valid below
moisture values of 3-8 per cent., according to closeness of
packing. For higher moistures a general inference is made that
the cohesion again rises, which is supported by a very rough single
value calculated for saturation.

The maio conclusioa reached is that the magnitude of these
capillary forces depends almost wholly on the size of the particles.
For any one particle size the range of cohesion for all moisture
values is not large. On the other hand, the cohesion may be made
to assume large values by making the particle size sufficiently
small.

An attempted experimental verification is described in which
a sample of ignited silt was taken as an approximation to the
ideal soil and measurements of cohesion made with Atterberg's
apparatus. This instrument measures rhe force required for the
penetration of a r*.edge into the sample under test. The results
agree well enough with the theoretical value at saturation, but not
with the values at lower moistures. (See also papers XXVIII. and
xxrx.)

XXVII. w. B. HArNEs. " Stadies in the Physical Prcperties
ol Soils- III. Obsentations cn the Eleclrical Conduct-
iaity of Soils-" Journal of Agricultural Science, 1925,
Vol. XV., pp. 536-543.

The change of electrical conductif ity with variations in
moisture content has often been advocated as a convenient method
for making soil-moisture measurements. This paper describes
some tests made under laboratory conditions to investigate the
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validity of such a method. The technical difficulties concerned
with unspecified variations in soil packiog, or the nature of the
electrode contact were eliminated in order to trace the exact
changes in conductivity with changing moisture. The curves
shorving these changes for several diferent soil types, indicate that
in most cases and above the hygroscopic point, the electrical con-
ductivity could be used as a measure of the moisture, As the
curves vary a good deal io shape frclm one soil to another, a
preliminary examination of the soil would be Decessary.

On the other hand, in the four cases of heary days examined,
the conductivity was constant over a great part of the higher
moisture range, so that exact inferences of moisture conteDt could
not be made from the conductivity meesurements. It was also
noticed in these cases that a close relationship exists betlveen the
critical point *'here the electrical conductivity begins to fall and a
similar critical point iD the shrinkage behaviour of the clay, thus
providing an interesting connection between the electrical ald
mechanical behaviour of clay.

Measuremcnts made on an ignited soil led to an interesting
verification of earlier work on the capillary behaviour of water
in soils, and io particular of the moisture contents at which the
6lnr continuity ceases. The shape of the conductivity curve for
ignited soil gave clear proof of the values arriled at earlier.
Results of previous workers using sand are shown to bear out
the same conclusion.

XXVIll. R. A. Frsnrin. " On the Capillary Forces in oa
Id.eal Soil ; Correctiot ol Folrnul@ giter by W. B.
Haines." Journal of Agricultural Science, 1926, Vol.
XVI., pp. 492-505.

The statical treatment of the capillary action between adiacent
soil particles is rervorked, and certain corrections introduced i[to
Haines' formule (Paper No. XXVI.). It is suggested that the
discrepancy betrveen theoretical stress and the experimeDtal values
reported may be removed by the supposition tlat the measure-
ments were better designed to measure the work needed to cause
rupture thao the static stress of the system. Finally, the limita-
tions of the geometrical approximation adopted are removed by
recalculating the volumes, pressures and stresses from the true
capillary surface.

XXIX. w,. B. HArNEs. " Studies it the Physical Properties
ol Soils. IV. A Fltrther Conttibution to the I'heory ol
Capilloty Phenomena in Soil." Journal of Agricultural
Science, 1927, Vol. XVII., pp. 261-290-

This paper develops further the theory outlined in Paper No.
XXVI., and deals with certain criticisms (Paper No. XXVIII.). In
order to clarify the points at issue a more complete treatment is
given of the ideal case for that part of the problem which has not
received pregise mathematical treatment. 1'he pressurc deficiency
produced by capillary forces in the soil $?ler has been directlv
measured for seYeral simple materials approximating to the ideal
case. The results are showo to be confirmatory of the theory and
to throw considerable light on the problem of capillary rise in
soils which has received so much attention from soil physicists.
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(c) sorr. cur.rrverroN.

XXX. B. A. KeBx and W. B. HAlNEs. " Studies in Soil
Cultii.)itiofl. l. The Eoolutiol ol a Reliable Dytomo-
nteter Technique for Use in Soil Culthation Experi-
rnenls-" lotroal of Agricultural Science, 1925, Vol.
XV., pp. 375-386.

1'his paper is the first of a series representing attempts to
apply exact measurement in various ways to questions of soil
cultivation. It preseots the results of a critical exarnioation of the
technique of dynamometer measuremeots when applied to cultiva-
tion processes. A description is given of the dynamometer used,
rvhich enabled simultaneous and cootinuous records to be obtained
of'draw-bar pull, and depth and speed of ploughing. Data are
then givcn for the efiect on the drawbar pull of variations in
speed, depth of ploughing, slope of land, and other possible altera-
tions in ploughing conditions. The results of the speed tests were
most important in the economic aspect, since the iocrease of pull
is ooly slight for considerable increase in speed. Hence there
should be a great saving in costs where it is possible to increase
the normal ploughing speed. The advisability is also discussed
of making dynamometel comparisons, not on drawbar pull alone,
but on the basis of power factor, which includes this question of
the time occupied.

The other main conclusion s.hich is established by this
critical survey is that if the implemental factors are kept constant,
then the values of drawbar pull during ploughing are closely
related to the locality of the field. In orher words the soil varia-
tions are reflected in the drawbar pull, sc that the records for the
ploughing of tri/o contiguous furrows show a close similarity in
outline.

XXXI. W,. B. Herrrs and B. A. KEEN. .'Sradies in Soi,
Cultioation. II. A 'f est ol Soil Unif ormity bt Meons of
Dynanometer and Plough." Journal of .{gricultural
Scieoce, 1925, Vol. XV., pp. 38?-39+,

.Follorving up the main conclusion reached in the last paper,
the idca rvas developcd of using rhe dynamomerer and plough as
a scril suneling instrument for field use. The drawbar pull is
taken as a measure of the physical properties of the soil it the
point conccrned, so that by properly spacing the measured furrows
across a field, a complete soil map can be prepared showing tie
variations in the physical properties of rhe soil. The map iibest
prepared by drarving lines through regions of equal drawLar pull,
similar to contour lincs of height in an ordinaqrmap. The nime
" Isodl-ne " has been adopted for lines so dra*n. An isodyne
map is shou n for a ficld at Rothamsted which had not previouslv
been under experiment and was chosen for a test of uniformitv.
The area of some six acres rvas sub-divided into plots of one chain
square, and the mean drawbar pull calculated from a series of
measurcments. The values varied between 1,200 and 1,700 Ib.
at different places, rvith perfect deEnite gradients in these values
betrveen the light and heavy places. Assuming a division of the
field into strips, as would be dooe for a competitive implement
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trial, the average pull along the strips varied by about t2 per
cent. Thus such a competition would be subject to a heavy un-
known handicap unless the field had first been explored and the
handicap assessed.

Preliminary measurements are also discussed, which show
that the dra$'bar pull has a positive correlation with the clay
content of the soil, and that there is a negative correlation with
the number of wheat plants which were growing on the plots in
early spring.

XXXII. W. B. HATNES aod B. A. KESN. " Studies ht Soil
Cultioatiot. III. Meas&renents on the Rothamsted
Aassical Plots by ltleans ol Dynanrcmeler and Plough."
Journal of Agricultural Science, 1925, Vol. XV., pp-
395-406.

This paper presents and discusses the isodyne maps whictr
have be-en-obtained for the permanent wheat, barley and mangold
plots at Rothamsted, viz., Broadbalk, Great Hoos, and Barnfield.

The most intensive work has been done on Broadbalk, and tie
results for various years, when compared together, show complete
permanence in the features brought out by these maps.

The measurements show that the drawbar pull is related
to the clay conteDt of the soil and also to the drainage rates. On
a particular occasion the rate of emux of drainage water '$,.as

measured for each plot, and a high positive correlation was shown
with the average drawbar pull lbr the plots. Thus the drainage
was largest in amount for the heaviest plots, showing the greater
need for artificial drainage on those plots having the heaviest soil.

1'he isodyne map for Great Hoos permanent barley has no
special feature except that it has greater uniformity than any other
area yet examined on this farm-

The map for the permanent mangold plots on Barnfield shows
large variations in the soil, and opens up a new problem in the
high values obtained on the farmyard manure slrip. It is contrary
to all other measurements and experieoce tiat a plot having this
tleatment shouid be heavy to work. Part of the reason was found
to lie in a high moisture cootent, but in the maio the explanation
of this anomalous behaviour must be sought along physico-
chemical and biological lines-

XXXIII. E. M. CRowrHER. " Some Aspects of the Gezba
Soil Ptoblem (dnd Andlysis ol the Influence ol Rainldl on
T'he Yield ol Cotton at the Gesita Research Form."
Report of a Meeting in the Sudan Gezira, in December,
1925, for the discussion of certain problems connected
with cotton growing. Sudan Goveroment, Khartoum,
1926, pp. 18-98.

This contribution to a ioint discussion on the problems
arising in the cuhivation of cotton by irrigation on the heavy
alkaline soils of the Gezira, is based on physical and statistical
investigations made w-hilst the author was working temporarily
at the Gezira Research Farm, 'Wad Medani, Sudan. The soil
of the Gezira has a hard layer at ^ depth of about 3 feet, and
it is known from field studies of water mol,ement after irrigation,
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that but little of the added water percolates below this depth,
Cotton roots, exposed by washing away the soit with a ,iet of
water, did not penetrate this layer but were confined to the
6rst two feet of soil. Measurements of the apparent specific
gravity of soil by the waxed blrrck method were made at a series
of depths dorvn to 4 feet. The density of the moist soil increased
from 1.65 gms. per cc. at the surface to a maximum value of
1.80 gms. per cc. at about 3 feet (the r'..eight of dry soil in gms.
per cc. increased from 1.29 to 1.49). The high value at 3 feet
shows that the closeness of packing of the soil particles is one
factor in the hardness and impermeability of this layer. But even
when this factor is removed by uniform packing of sieved soils in
columns in the laboratory, there are marked difrerences in
permeability in samples taken from difierent depths. 'l-he rate of
movement of \,\,'ater decreased steadily from the surface to very
low values in soils taken from the third foot; below this depth
the rate of movement increased owing to the flocculating action of
the sodium sL:lphate present. The possibility of increasing- the
permeability of the field soils by cultivaticn methods was discussed
and attention drawn to the desirability of investigating the effects
of delaying the cultivation of the fallow preceding the cotton crop.

Data for the yields of cotton on the older experimental areas
in the Gezira were subjected to a statistical analysis. In any one
year the yields of cotton grown under miscellaneous rotations at
Tayiba from l9l1 to 1922 decreased steadily for each additional
crop of cotton previously grown on the p1ot, It has been suggested
that this deterioration may arise from the intrinsically bad efiect
ol water on a saline soil. Except in the earliest years the yields
$rere not diminished by the previous growth under irrigation of
other crops, chiefly lubia and dura. These crops appear to
counteract the deleterious efiect of irrigation, probably by the
introduction of organic matter or the fixation of nitrogen. In
rotation experiments at the Gezira Research Farm, the deteriora-
tion is least in the rotations including tlre leguminous crop, lubia.
The correlations between the monthly distribution of rainfall and
the yields of cotton in five rotation experiments at the Gezira
Research Farm for the period 1918 to 1925, were investigated.
For the normal three year rotation, Iubia, fallow, cotton, there q/as
a striking aSreement between 1o.'lr yields and high early (NIay and
June) rainfalls. (r:-0.94). Trvo year rotations and continuous
cotton did not show this effect, but the .vields were connected with
the rainfall at other periods. Thus late rains (September and
October) had a bad efiect, which increased io magnitude for the
rotations in the order, fallow-cotton, dura-cotton, Iubia----cotton,
continuous cotton; the bad efect of late rains increased as the
duration of the fallow preceding the cotton crop decreased. This
probably indicates the importance of the fallou'in increasing the
permeability of the soil to water.

Some support rvas given to the conclusions from the three
course rotations by the results from three course rotations at
Tayiba and Barakat. Each of these estates had 2,000 acres of
cotton annually during the six years for which the local rainfall
data were available. The correlation coemcients between vield and
May aod June rainfall rvere -0.81 and ---0.50. No saiisfactory
explanation o[ this efiect could be oflered, but the hypothesis
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was advanced that tle bad efrect of early rains arises from a loss
of available nitrogen from soils containing very little decomposable
organic matter during heavy rains in July and August when these
have been preceded by an early rainfall sufficient to allor,e nitrifica-
tion during NIay and June. In tworourse rotations the presence
of decomposable organic matter would probably reduce this loss
just as in humid climates the introduction of bulky organic mattel
and stubbles reduces the loss of nitrate during the winter months.

It was concluded from a consideration of the rotation and
manurial experiments at the Gezira R.esearch Farm and from
general observations that, after the sater supply, the most im-
portant soil factor in the growth of cotton in the Gezira was the
nitrogeri supply.

(d) enrsrcar cHEursrRy AND rn*oRGANrc cttEMrsrRY.

XXXIV, A. N- Punt. " Sorne Et perirnents on the Intet-
action bett'eer. Soil ond Dilute Acids." Journal of
Agricultural Science, 1925, Vol. XV., pp.334-342.

The conditions of equilibrium between soil (free from carbon-
ates and absorbed bases) and dilute acrds, was studied, and also
the degree to rvhich soil can remove anrons from solution in con-
ditioos which render improbable the formation of insoluble salts.

'I'he equilibrium bet$'ecn the soil and each of several dilute
acids employed, can be expressed by Freundlich's equation, and
it may be concluded that the interaction is a surface phenomenon.

The soil rvas capable of removing chlorine ions from
hydrochloric acid solution.

XXXV. H. J. Pacr. " The Nature ol So. Acidity."
'fransactions of the II Commission of tie International
Society of Soil Science, Vol. A., Groningen, 1026, pp.
232-244.

A discussion of tie nature of soil acidity in the light of modern
views on the ionic exchange relationships of the soil colloids. The
views of Kappen, who distinguishes four differeot typ€s of soil
acidity, are criticised. It is maintained that the conception of the
absorbing complex of the soil as consistiog of an insoluble colloidal
acid, or " acidoid," with which are associated surface-active
hydrogen and basic cations, brings into line the majority of the
known phl sico-chemical properties of thc soil. The different types
of acidity postulated by Kappen can all be regarded as manifesta-
tions of the same property of the complex, namely, tie tendency
of metallic cations to exchange with hydrogen ioos as well as
with other cations.

XXXVI. C. E. Nllnsnelr. " Some Recent Reseorches on
Soil Colloiils. A Reoie*." Journal of Agricultural
Science, 1927, Vol. XVII., pp.316-332.

A critical review of recent work on the nature and physico-
chemical properties of the colloids of rhe soil,
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XXXVII. H. J. PAoE and'W. WrLLrAus. " The Eflect ol
Flooding aith Seo Water on the Fertility ol the Soil."
Journal of Agricullural Science, 1996, Vol. XVI., pp.
551-673.

The flooding with sea-v/ater of land around tlte Humber in
1921 spoilt a considerable area of arable land.

The efiects of the flooding, which consisted chiefly in an
entire destruction of the tilth of the soil, are described, and com-
pared with the recorded effects of similar floods in Holland and in
Essex.

The results of an examination of the exchangeable bases in
the flooded soil are considered in the light of modern r.ork on the
relation between the nature of the exchangeable bases in the soil
and its physical condition. lt is showl that the observed efiects
can be explained by replacement of a considerable proportioo of
the exchangeable calcium of the soil by sodium.

Dutch experience on the reclamation of flooded soils is dis-
cussed. It is shown that in the frrst few years after flooding, the
land should be cultivated as little as possible.

The use of lime or gypsum for the treatment of flooded soils,
in order to hasten the restitution of calcium to the clay in place
of sodium, is discussed. From an examination of the soil from
plots which had been treated with these materials, it is shown
that, although both produced in some degree the desired efiect
chemically, the action did not proceed far enough in 12 months
to produce a noticeable improvement in the tilth.

It may be possible under favourable conditions to grow certaio
arable crops on flooded land, among vrhich crucifers appear to
be specially suitable.

However, the most satisfactory and promising means of
hastening the recovery of tilth and fertility by flooded land appears
to be the establishment of a ley of lucerne, clover, or " seeds "
which can be left down for several years.

(e) rrocnelrrsrnv AND oRcA-\rc cHEMrsrRy.

XXXVIII. H. J. PAGE. " Strulies on the Carbon ad
Nitrogen Cycles in the Soil. I. On the Nature and
Oigin ol the Humic Mattet ol the Soil." Journal oI
Agricultural Scieoce, (in the press).

-fhis paper is the first of a series dealing uith investigations
carried out in the last few years bv or under the direction of the
author. It is shown from the results reported ia detail in the next
four papers of the series, (t) That the humic matter of the soil
is of a similar character in soils of widely different organic carbon
content brought about by difierent manurial aod cultural rreat-
ments. (2) That this can be explained on the assumption that
humic matter is derived from one common constituent of plant
residues, lhe remaining consliluents not contributing directly to
the formation of humic matter. (3) That the quantitative study
of the humification of plant materials and the comparison of
various artificial " humic acids " with humic acids isolated from
natural sources, are both in favour of the hypothesis that this
common constituent of plaot residues, the parent substance of
humic :natter, is lignin.
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These results support lhelignin hypothesis of the origin of
humic matter and coal, put forward by Fischer alrd Schrader.
This hypothesis aod other recent rival hyPotheses on the nature
of the humification process, are discussed.

xxXIX. C. 
,w. B. ARNoLD. " Sluilies on the Catbon atd

Nitrcgen Cycles in the Soil. 11. The Frcctionation ol
lhe Organic Motter of the Soil." Journal of Agricultural
Science, (in the press).

By treatment of the soil lrom tlle plots on Broadbalk and
Barnfields receiving duog artificials and no manure respectively,
with cold 2 per cent. caustic soda, and rvith the same reagent at
lO0oC., it ii shorvn that the organic carbon can be fractionated
into three parts thus: (l) Material soluble in cold dilute alkali;
(2) materiai which wilt not dissolve in dilute alkali until it is
n&tea; (a) material which is insoluble in cold or hot dilute alkali.
The quantitative distribution of the organic carbon among these
gro,,pi is practically the same for all the soils examined.

XL. M. S. DU ToIr and H. J. PAcE. " Studies it the Carbon
and. Nitrcgen Cycles in the Soil. IV. A quatutitarfue
Stuily ol ihe Humification ol Cartaifl Plant Matedals."
Joulnal of Agricultural Science, (in the press).

The rate ot disappearaoce of the chief organic constituents of
some plant materials i straw, maize cobs, sawdust, and clover
hay, during their rotting under the influence of soil organisms,
hai been siudied. It is shour that the formation of humic matter
is more closely related to disappearance of lignin than to -that of
the other constituents. Moreover, pure preparations of those
other constituents (cellulose, starch, xylan, xylose, glucose 

- 
and

protein) were wholly or largely destroyed by the microorganisms
of the soil, without the production of any humic matter.

XLL M. S. ou Torr and H. J. Pecr. " Studies in the
Carbon ond Nitrogen Cycles in the Soil, V. On the
PreParation ond Pro|erties ol Various Nalutal. and
Attifrcial H\mic Aciils." lownal of Agricultural Science,
(in the press).

The oreoaration and ouriGcation of humic acid from various
natu.al s6uries is describid. The products were compared with
DreDarations of the various types of artificial humic acid by con-
duciometric titration witi ammonia. All the natural products
behaved as true acids, producing a definite increase in the con-
ductivitv of added ammonia. The artificial humic acids from
ligoin a'nd from hydroquinone, and to a lesser extent, from cellu-
lolse, resembled t}le natural products in this resPect, -but those
oroduced from sucrose and from furfural behaved difierently,
iausing a reduction in the conductivity of ammonia. Quantitative
studies" of the humification of furfural and of w-hl droxymethyl-
furfural ir dtto, and of tie interaction of glucose with glycine
and various related bodies, are also described.
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XLIL V. SusRAEnaNyAN. " I'he Biochemistty ol lvoter-
logged Soils, Ports I. and, I1." Journal of Agricultural
Science, (in the press).

The work described in these papers constitutes the 6rst
portion of a systematic investigation into the chemical processes
occurring in water-logged soils. 'fhis is a subject of great im-
portance in relation to tropieal agriculture, in particular, for rice
growing. Part I deals with the influeoce of water-logging on
the diferent forms of nitrogen, on the reaction, on gas produc-
tion, and on bacterial Dumbers. 'l'he only prominent change in
the nitrogen compounds is an increase in the ammooia, which
causes a slightly more alkaline reaction. 1'he absence of appreci-
able carbon-dioxide production, and the lack of any increase in
bacterial numbers under aerobic or anarobic conditions, suggests
that the ammonia production is due to eDzyme action.

Part II describes work confirming this hypothesis. It is
shown that ammonia production is not hindered by the presence
of an antiseptic, and tiat the aqueous glycerine extract of
toluened soil contains an agent &-hich is able to produce ammooia
from simple proteio derivatives. An ective deaminase prepara-
tion, of a protein like nature was isolated. 'lhe presence of this
deaminase in cultures of soil organisms was demonstrated, and
its action on a number of amino-acids was studied. It is concluded
that this enzymatic deaminisation may play an important part in
plant nutrition on waterlogged soils,

(fl cutlrrcal ANALYSTs.

XLIII. C. !V. B. Anxor-o. ', Studies on the Catbon atd,
Nituogen Cycles in the Soil.. III. 'Ihe Determination ol
Organic Carbon in Soils and Soil Extracts." louln;l
of Agricultural Science, (in rhe press).

A description of the methods of aoalysis developed for use
in the work described in the paper, No. XXXIX.

XLIV, V. SUBRAHMANvAN. " An Improaed Method lor the
I)etermination ol Dissoheil Oxygen in Wotet." lourral
of.{gricultural Science, (in the press).

This paper deals with methods which have been specially
rvorked out [or use in the invesligations on waterlogged soils,
described in paper No. XLII.

IV. THE SOIL POPULATION & ITS BEHAVIOUR.
(Bacteriological, Geoeral Microbiology, Mycological Departments.)

(a) aecrunra.

XLV. P. H. H. GRAv- " A Method. ol Staining Bactetial
Flagella." Journal of Bacteriology, 1926, Vot. XII.,
pp.273-271.

A simplified method that has proved of great value in a
procedure, usually attended with much difficulty, essential in
bacterial diagnosis.

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-1-84 pp 74

73

XLVI. H. G. TuonxroN and R. A. Ftsxrn' i'On ,he
Existence o! Daily Changes it Bactetid Numbers in
Ameticat Soit." Soil Science, 1927, Vol. XXIll., pp.
263-259.

The daily bacterial counts published by Smith and Worden
show variations which canoot be explained as being due to
sampling errors. On all three media employed by them, significant
posiiive- correlations in bacterial numbers between simultaneous
samples were obtained.

The similar daily fluctuation occurriog in diferent Parts of
the plot show most clearly on Thorntoo's mineral salts medium.-Provided thc manipulative technique of Smith and \\'orden
was sufficiently uniform, the results a$ord evidence of the exist-
ence, in very different conditions, of daily fluctuations in bacterial
numbers, similar to those observed at Rothamsted.

XLVII. H. G. TToRNToN and N. Gat{oulsr. " The Lile'
Cycle ol the Nodule Organism, Bacillu rudicicolo (Beifl,
in Soil, ond its Relation to the Inlection of the Host
Plant-" Proceedings of the Royal Society, 1926, Ser. B.'
Vol. XCIX., pp, 427-451.

By means of a modification of Winogradsky's staining teclt-
nique,- the changes in morphology of Bacillus rudicicola in soil
were followed. A regular cycle of changes was found, unbanded
rods, cocci, and banded rods successively predominating in the
soil. Increase in the percentage of cocci was associated with
iocreased bacterial numbers and rvith the apPearance of motile
forms.

By modifying the liquid used to suspend the inoculum added
to lhe soil, rhi time of appearancc r,rf cocci in predominance could
be altered. In particulai, inoculation of the soil with a bacterial
suspension in milk containing 0.1 Per cent. CaH. (PO1), + 2HrO,
hasiened the predomioance of cocci aod increased the Perceotage
to which they attained,

When tie centre of a petri dish of soil and sand is inoculated
uith a suspension of the bacteria, thc latter commence' after a lag
period, to'spread radially at an approximate rate of one inch in
b4 h,,u... the length of this lag period is apparently related to
the time taken for cocci to predominate in the soil and is eflected
hv the nalure of the inoculating fluid. Thc bacteria multiply
ripidly in the soil inlo which they have recenlly spread, so that
the nature of the inocutating fluid also exerts an influence on
bacterial numbers at a distance from the point of inoculation.
Thus iooculatioo of the soil with a bacterial suspension in milk
containing 0,1 per cent. CaH.(POn), + 2HrO, results in a greater
spreading ot the bacteria through the soil and in greater
muttiplicition at a distance from the point of inoculation than in
the cise when soil is inoculated with a suspension in milk alone.

Lucerne plants grown from seed inoculated with a suspension
of bacteria in milk containing 0.1 per cent. CaH.(POr)a + 2H,O'
showed a considerable increase in nodule numbers and in yield
compared with plaots from seed inoculated with a suspension in
milk alone.
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This Lfiect was coofined to the deeper portions of the root
and therefore increased as the plaDts became older and roots de-
veloped in the deeper soil. 1'his suggests tiat the additional
nodule formation is due to rhe known efect of the Dhosohate ir
increasing the spread of the bacteria.

XLVIII. N. GANGULEE. ,, The Efiect ol Some Soil Con-
d.itions on Nodul.e Fotmotion on erotaliria iuncea. (I,1.',
Annals of Apptied Biology, I926, Voi. XIII.', pp. Z4i-2b8.

From pot culture experiments, it has been shof,,n that the
formation of nodules on the roots of Crotolatia junceo is afrected
significantly by variations in the texture, moisture content, aDd
reaction of the soil, all otier conditions being kept uniiorm.
Nodule {ormation was increased by higher mJisture' content, by
increased coarseness and by reduced hy:drogeo ion concentration.

XLIX. N. GANGULEE- ,, 'fhe Organism lorming Noilules ot
C,rotalaria juncea (L).,, Annais of -Ap'plied B'iology, 1926,
Vol. XllI., pp. 256-289-

The observations recorded in this paper shotl, that the stages
wtich have previously been known to iake place in r_t e life cvlieot b. tactrcrcol& lrom certain leguminous plants, occur also in
the life cycle ol the organism iso-lated from'noduie of Crod"i
luncea. Ihese changes occur borh in st,lid and in liquid media.'l-he coccoid bodies have been observed both in the'oon-motile(" Pre-swarmer ") _and- the motile (,, Swarmer ,,) 

"t"g.". 
,if,"""

are succeeded by the short-rod stage, which eventualiv eive" iii"to the banded (vacuolated) forms.- The outset and'au'.rtiorr "ithese stages varies with the composition of the media,

L. N. Gaxculee, " Studies on tlw Lucerne Nodule Oroan-
ism-(B. radicicola) und.er Laboratory Conditions.', Ainalsof Applied Biology, 1926, Vot. Xit., pp. B6GB?8.

It is observed that on whatever media the organism is srow-
ing, whet}er in liquid or agar or in soil, the vario"ui .i";u;;i;"
lile{ycle are found to occur simultaneously. but in va&ins oro_portions. The- soil conditions, such as ,,eraiion, t..p.i"ir.B, La
th€. prese-nce of certain salts, are among.the factors tirat deteiminewtlch ot the stages shall be in predominance. The relative
eficiency of liquid and solid media in bringing nUout tt e p.ea-o^inl
arce of a particular form was also studie-d.

- .In the main,_the existence of the five stages in the life_cycle
of the organism observed by Bewley and Hutch'lnson is ""rni#J,but evidence is obtained lo show that uilder very favourable co.rj
ditions the motile cocci (,. srzrmer ,') can emeiee ai.e"ti" fi"-the banded rod stage, developing fligella eve-n before' their
emergencei and rherefore missing oui the non_motile (.. pre_
swarmer ") stage.

The appearance of coccoid bodies was accelerated in the ore_
sence of saccharose, manoite and phosphates (in uga. -"ai.i,'unaalso in soil extract alone. Shor[ rod! 

".. "lo.,eZt"d 
;;i-';;;

they tend to persist in media contaioing the ingre-dients mentiooeJ
above-
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(b) PRorozoA-

LI. D. W. CuTLER and L. M. CRUMP. " The ltflwnce ol
Washing upon the Re?rciluctioe Role ol Cotpidium
colpoda, " Biochemical Journal, 1926, Vol. XIX.' pp.

450-453.

The rate of reproduction of Colpidium colpoda under various
external conditioni was described in earlier papers, summarised
in the previous report of this slation. The present paPer gives the
results of experimen(s carried out to test the contention of Prof.
T. Brailsford Robertson that a Preliminary washing of the organ-
isms before isolation would have modified the results prevlously
obtained-

It was found, however, that t}lis was not the case, no retard-
ation of the reproductive rate being observed.

LII. D. W. CurrBn and D. V. BAL. " Influence ol Protozoa

on the Ptocess ol Nibogen Fixation by .{zotobacter
chroococcum." Annals of Applied Biology, 1926, Vol'
XIII., pp. 516-534.

Increased nitrogen fixation by Azotobacter chroococcum il
the oresence of protozoa has been shown to occur, as Prevlously
desciibed by Nasir (Annals of Applied Biology, vol. X., Pp.
122-r33).

There is a definite relationship between the efficiency -of the-

strain used, the incubation period, and the concentralion ol
mannitol used.

The feeding action of Colpidiurn col?oda, and Hartmanella
hyalina on Azoiobacter has been demonstrated.

The reason for increased nitrogen fixation appears to be due
to the emciency of Azotobacter being maintained for a longer
oeriod as a."sult of the feeding action of the Protozoa' together
ivith the conservation in the bodles of the protozoa of the nitrogen
fixed by the bacteria on which the protozoa have fed.

LIII. D. W'. CurLER. " Methoils in So Prolozoology."
Abderhalden's Handbuch der Biologischen Arbeitsmetho-
den, Urban and Schwartzenberg, Berlin.

An account is given in German of the modern technique used
for the study of soil protozoa.

LIV. H. SANDoN. " The Methoils and. Prcser.t State of the
Study of Soil Ptotozoo." Uspiechin Biologitsheskieh
Nauk, 1927.

In this paper a detailed account of the present day technique
of soil proto2oology is given, together *ith a brief description-of
the moie recent develofments of the subject. It forms one of a
series of papers on the modern methods of soil research, edited
bv Profeisor Omelianski for the benefit of investigators in
{ussian-speaking countries.
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(c) FUNcr.

LV. F. Cnooer. ,, Recherches Erpirimentales str lt, Muto_
tion chez les Champignons.,, Bulletin de la Socidid
ttotanique de Gendve, 1926, Serie 2, Vol. XVIII., pp-
41-144.

. Out of over-8O species of fungi gro*.n in culture io order t<.rooservc the relattve occurrence of genetic instability, two soeciesAspergillus ochraceus a.,d phomo -olternariou"r";';;; ;;l;;;;for detailed study.

.Aspergillus ochroteus._From single_spore cultures. tv,rosrrains ofrhis fungus were obrained, one- the ^o;iqio;i;.if"ri, t .-and the other, originating as a sector, a dwarfedform, producing
a red cotour in the medium, These types proved to 6e constan-tfor maoy generatioos over a long p"iita. ' uo.ptoto;il;.;h;
two forms vere distinct in severil characters. ft" ,E""lrilk".tproperties 

_of the fungi were examined ln a.t"if 
"na'.i.i"i"fi"iwere tound betlr'een the factors_amount of nitrogen and carbonin.the.medium, rhc pH of the lauer 

""d 
rhrp.;;il;;;;;;l

colourrng matter. The growth of the parent form was p,reat.,
lhan. that of the variant on media pooi in nitrogen. the" Iatterrequiring.more n_itrogen to produce liss g.o"th. -?;l! 

;;tr";;;;;
yi:,f:":,:::d rvirh the.fertitity of rhe ye ow strain and the partialsterrtlty ot the red strain.

Phonw allernariacearun._From single spore cultures. fivedistinct forms ot this specics *".e ultirnaiely ;ii;irfi-ililh;":
marned constant lor maoy g.enerations. A study was made oftne morphologrcat, physiological and biometric difiirences betweenrnese torms_ a_nd general relations found to hold betweeD biometricano cultural data were traced to physiological causation.

. I he interpretation of the variations observed is discussed inrelatioD to previous work on fungi.

LVI. Wu- B. Bnrrnr,By. ,, Voriotion in Fungi atd, Bacteda.,,Transactions of the lorernationrt C"n!iu"" J-A"ia-nr.Ithaca, U.S.A., 1026. In the press.

. .\n introductory review of the sources of information regard_rng rne.present status of the genetics of micro-orqanisms ii fol_,oweo Dy a crrtlque of genetic phenomena. conceots andtermlnotogy rn g.roups of organisms other than bacteria arid funei.lnese _tatter groups are considered in relation to the variriusmethods which may be adopted of classifying s"n"ti" 
-d"trl""Al

ouutne scheclute rs. presented in which a coniidirable number ofoata- on-varlalton ln lung.i and bacteria are arrane.ed accord;nsto the.trme and mode of origin of the variants, th-eir coostan&
ano retatton to environmental conditions and their relation to prio.r
and succeeding generations.

LVII. R. D. Recr. ,, Biochemicol Decomlosition ol
Cellulosic llateriols lnith particuldr A"1erii"" i til
!-anon ol Ftngi." Annats of Applied Biot,igy, fOeZ, Vof.XtV., pp. l-44.

of ripe
One, tlre

Twu factors appear to control the decomoosition
cellulosic material in preseoce of available ,ritiogen.
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food or energy factor, is usually represented by pentosaos; the
other, or inhibitory Iactor, is always lignin. The predominance
of the former over the latter determines the ease of decomposition'
'I'he results now obtained confirm the vie\tr'Put lbrward in 1924
that aoy cellulosic material containing 30 per cent- of Pentosan
and a ielatively small amount of woody fibre can be converted
easily into an <-rrganic nitrogenous manure. The prediction of the
" decomposibility " uf a material is thus possible'

Attempts to increasc the ratio of energy to inhibitory factor
in resistaot materials by the addition of carbohydrates proved
unsuccessful. It was concluded that since micro-organisms ob-
tained their food materials outside the tissues, they did not attack
the tissues until the more easily available food-stuffs were
exhausted. Thus the decomposition of the material was actually
less than was possible under natural cooditions.

Mannose ind galactose do not appear to form suitable food
for the micro-organisms concerned in these processes, and it is
concluded tlrat the pentosan part of the hemi-celluloses is most
importa[t as microbial food. Incidentally, it is sholon that Kr6ber
and Tollens' method for determining pentosans is untrustworthy
and a modification is suggested.

A study of the relative importance of bacteria and fungi
proves that, under the conditions of these experimeots, most of
the work is done by fungi. The high temperature (70o C.) often
reached by manure heaps is above the range of such organisms
as Sphocheto cytophaga, but one of the fungi now isolated
flourishes at 50o C. and upwards.

(d) ALG.E.

LVIII. B. MuRtEL BRrsroL RoAcH. " On lhe ReJotion ol
Certoin Soil Alg@ to sone Soluble Carbon Compounds."
Annals of Botany, 1926, Vol. XI., pp. 149-201.

A method is described for obtaioing pure cultures of alga
from the soil.

In pure cultures of soil alge on solid media, the great
majority of species show greatly increased growth in the presence
of a number of diferent soluble organic compounds, each species
haviog its orm order of selection of the compounds that have been
tested-; a few species do not behave in this rvay, and are possibly
comoletelv autotroDhic in nutrition.'Pr..'"ultur". of scveral soil species in liquid media containing
glucose showed that the best cstimate of the growth of a unicelt_u-
lar alga may be obtained by making daily measurements of the
averafe size'of the cells and of the numbcr of cells per unit volume
of liquid, aod by calculating from these data the bulk of algal
protoplasm present, The logarithmic values of the bulk when
plotted agaiost time lie upon a straight line within the limits of
Lxperimental error for a limited period of growth; the sloPe of
this line (i.e., the tangent of the angle which it makes with the
horizontal axis) may bi taken as a measure of the rate of growth
of the organism in the given medium.

The growth of the alga Sceneilesmus cosh ahts, Chod-, tor.
chlorclloides, noa- 7)ar,, has been studied quantitatively in liquid
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media. containiog mineral salts and 1 per cent. of certaio soluble
organic compounds. ln the g.lucose med:ium, tlhe degree of variance
of the-observed values (logarithmic) from the calEulated straight
rrne or nearest ht rs shown to be greatly reduced by rigorous
control 

-of light and of temperature, and by cootinuous aeraiion oI
thc medium. ln this medium the organism is able to grow in the
dark, retaining its green colour. Thiere is some a"a"o"r, to b"li"r.
that tlre rate of growth in the dark may be approximatelv eoualto the difference between its activities in the'l'ight in th'e sjme
medium and in that with mineral salts alone. I-o certain media
containing substances less favourable lo the growth of the orcan_
ism,. the degree of deviation of the observid ualues f.om'tt"
stralght llne ts greater thao in the glucose medium. With
maltose there appears to be an initial .:lag " period orc\cedins
the straightJine peri(d of growth. In -u"nnitd tf.."'"." .o.,'_
spicuous fluctualions in the growth rate due to death of the voun.,cells. Xylose is completelv-toxic to the org.anism under th6 conl
ditions observed.

Thc relative avcrage rates of growth in the difierent media
may be expressed quantitativel), as follows: Clucose in the lie.ht
100 per cent., malrose 100 per cent. preceded bv a ,. lap.', oeri-od
galactose 94 per cent., suciose 84 p.'. 

""nt., 
fr,i"to"" if" p.r'".,ii]

mineral salts alorre 60 per cent., glycerine lO p".."nr., ffu.o""indarkness 40 per cent., mannite l3 per c(nt., xylose 0 pir cent.
In rhr.rsc media lhar are compl;tely l,avourible to its growth.

the increasc in trulk of Sccnedesmis cosrulotirs, Ci"e.:';;;-
chlorelloides, follows the same laws as a simpli exponential
curve, for a limited period of time.

LIX. B. i\IuRrEL BRrsroL RoAcH- ,, I ethocls tot IJse inSt d.ying the AlgE of the Soil.., in Abderhalden_HanJ_
buch der biologischen Arbeits-methoden, 1926.

Details are given of a cultural method for estimatine. roushlvthe numbers of alga (Chlorophycee and Diatoms onf-v) in"th'esoil. Met.hods are also described for rhe isolation and cuitivation
of soil alge in (a) impure and (b) pure cultures, and suitalte -"ai,are recommended for use. An account is siven of a sDecial
method for estimating quantitatively the efiec'i of anv coriiti.-
o_r chemical compound on the rate of growth of a uniieltular soil
alga,_ the rate of growth being relarded as an index of ihe
metabolism of the organism.

Methods are also described for studying the biochemical
a('tivities of pure cultures of algae under rlre follo-wine h""di"r. I(l) Decomposition of protein (gelatine); (2) Fixatioi of nitr8een,
(3) Transformation of insolubie mineral substances into soiirblu
forms.

V. THE PLANT IN DISEASE; CONTROL OF DISEASE.
(Entomological, Iusecticides and Fuogicides, Mycological

DepartmeEts.)
(o) TNSECT pESTs AND THETR CONTRoL.

LX. .w. M. DAvrEs. ., On the T'racheal System ol Collem-
bola urith Special Relerence to the Sp;cies Sminthurus
y49k._l _ Quarterlv Journal of Microscopical Science,
1927, Vol. CXXI., pp. tb-30.
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No extensive study of the tracheal system of Colleotbola has
previously been made, The general plan of the trache@ has
been worked out on Srninthurus oiidis i tr*D independent systems
exist. The presence of only a single parr of spiracles constitutes
a unique condition among adult insects. The position of these
is in the anterior region of the prothorax and not in the head as
previously believed. fhe structure of rhe spiracles is extremely
primitive and they pcssess no closing apparatus. The trachee
branch dichotomously, but no anastomosis exists between the
systems of the two sides of the body. 'l'enidia are present, but
no " transition cells " have been observed, and the fine trachee
terminate in unbranched tracheoles. l'Le initial entraoce of air
into the trachee is through the spiracles; the displaceoent of
fluid is very slow and the whole system is not completely filled
rvith air until about 14 days after emcrgence from the egg.
'frachee are fouod to be a constant feature in all members of the
Sminthurine examined. \rarious methods of technique adopted
are given,

LXL W- NI. DAvrEs. " Collentbola Injuing l*ates ol
Mangold Seedlings." Bulletin of Entomological
Research, 1926. Vol. XVII., pp. r59-162.

Damage to seedliog mangolds due to the Collembolao Bouz-
letiella hortensis Fitch is occasioned by the insects collectively
perforatiog the leaves and the excessive bleeding tbat ensues,
In the particular infestation studied the number of insects per
acre u'orked out at about 1,500,000. Other hosts of the .same

insect were found to include groundsel, goosefoot and red-shank.
During dry weather the insects were most numerous in early
morning when the leaves are moistened with det'. Control
methods were tested, including the trailing of paraffin-soaked
sacks over the crop. The repellent effect of the paraffn proved
evanescent owing- to rain, and the dragging of tarred sacking hung
between two wheels which were fastened together with long cross-
bars was resorted to. By taking advantage of the leaping powers
of the insect in this way the method proved completely successful,
and enormous numbers of Collembola r.ere trapped on the adhe-
sive surface of the tar. No further control measure appears
necessary, and a permanent movable contrivance, that can be
used whenever occasioo demands, is described and figured.

LXII. J. DAvIDsoN- " Biologicd Stutlies ol Aphis rumicis
Linn. Foclozs Allecting lhe Infestation ol Vicia faba
roith Aphis rumicis. " Annals of Applied Biology,
1925. Vol. XII., pp. 472-507.

Experiments were carried on during four years uoder con-
trolled experimeotal conditions, and lead to the following con-
clusions.

Temperature influences the developmeotal period of t}te aphids
and the number of young produced daily, thereby afiecting the
number of aphids produced in a given time.

On beans grcwn in sand watered with tap water fewer aphids
developed in a given time than on beans grown in sand watered
rvith normal culture solution, indicating a nutrition effect on the
aphids.
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On beans grown in sand r*ztered with normal culture solu-
tion an increased oumber of aphids developed in a given time
compared with beans grown in soil watered rvith the iame solu-
tion,. indic_ating the effect of the soil medium on the plant and the
nutrition factor for the aphis.
_ Beaos, grown under varying daylight intensity gave varying

degrees ol lncrease in the number ot aphids in a given time,
indicating again a nutrition efiect on the iphids in that the least
number developed on the plants receiving the least amount of
daylight.

On beans rvhich u,ere young and had not reached the flower-
ing stage when infected in June the number of aphids which
developed in a giveo time was 50 per cent. greater than on bean
plants rvhich \rrere six weeks older aod were setting pods.

On certain varieties of field beans the number of aphids which
developed in a given time varied considerablv, indicating that
s()me varieties tvere more susceptible to infestation than othlrs.

LXIII. J. D-{vrDsoN. " Ot the Occutrence ol Pa heno-
getetic Intetmediote.r iz Aphis rumicis L. ond, Their
Relation to the Aldre and Aplerous Vitiporous
F'emo)es-" Journal of tlre Linnean Society lZoology),
1927. Vol. XXX\-I., pp. 467-477.

Duriog rearing experiments rvith .4 plris tumicis 2l viviparous
forms have been recorded which exhibit morphologicat chaiacters
intermediate bctween the apterous and alate parthe;ogenetic, vivi-
parou5 females. Certain of these forms were reared ind, io their
behaviour, as regards the ofrspring they produced, they resembled
the apterous members of the same geleration rathir than the
alate members. The evidence ottained indicates that the occur-
rence of apterous forms in the parthenogeqetic generations of this
species is influenced by certain physiological conditions.

LXIV. J- DAvrDsori. " The Sexual patthenogenetic Gete-
rotions in the Lile Cycle ol ,{phis rumi-is L.,' III
International Entomological Congress, Zorith, 1g25,
Vol, I I., pp. 452-457.

A singlc strain of the black bean trphis rumicis L. has been
reared for 4 ycars on broad bears (Vicia faba) tvith the spindle
tree (Euonynrus euto.Pt@usl as the winter host. Sexual formi were
rrbtained on beans and on Euonymus and eggs were laid on both
plants, but preferably on Euonymus. Sexuil femalcs and males
appeared in the colonies on various datcs from Scptember to Ma]',
but no sexual forms were recorded during the period June io
September. Certain individuals in the colonies iontinuid par-
thenoSenetic reproduction in the greenhouse throughout iach
u'inter and in addition sexual formi developed on various dates.
1'he period in u-hich the sexual forms diveloped indicates an
adaptation to a periodic seasonal rhythm and factors of tempera-
ture associated tvith plant growth (nutrition) exert an influenie by
favourin( or restricting their appearance.

LXV. C. -f. GTTUNGHAM. ,, On lhe Preseace ol an Egg-
burster in Aphirtiile." Transactions of thi Entoir-o-
logical Society, f925, pp. 688-b90.
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The eclosion of the embryo fundatrix of. Amphorcphorc lac-
tuc@, Ka|t. lrom the winter egg is described and tie presence of
an egg-burster noted. 'l'he organ is seen as a dark brown chiti-
nous toothed ridge over the vertex of the head and extending
backrvard as far as the eyes; it is attaclred to an embryonic mem-
brane and is teft behind with this membrane on comPlete emer-
gence of the young insect. Similar structures were found on
embryos of Photodnn huntuli, Schr. and .4phis ponti, DeG.

LXVI. F. TATTERSFIELD, C- T. GIMINGEAu and H. M.
NIoRRts. " Studies on Contact lnsecticid.es- Part Il'.
) Quanlitatite Exot inot;on ol the Toxicily ol Certain
Plirtts and. Plori Prod.ucts to'Aphis rumiiis,'L. ('1rre
Bean Aphisl." Annals of Applied Biology, 1926. Vol.
XIII., pp. 424-445.

An account is giveo of laboratory experiments oo the toxicity
to Aphis rumicis L. of extracts of a considerable number of plants,
inctuding some tropical fish-poisoos, Lupins, Broom, Gorse,
Lobelia and others.

.{lcoholic extracts of certain tropical plants used as fish-
poisons are shown to have a high toxicity under the conditions of
the experiments. The roots and stems of White Haiari, and the
stems of Black Haiari (both species of Innchocatpus from British
Guiana), the roots ol 1'ePhrosia toxicaria and the leaves of '1'.

togelii, all possess notable insecticidal proPerties. The roots and
stems of 'I'. candida are less toxic.

Preliminar-v experiments indicate that the Haiaris and 7.
"oogelii and'l-. toxicaio, wheo tested as stomach poisons, exert
both a repellent and toxic action to caterpillars.

Certain derivatives isolated from these plants were tested.
The most toxic substance obtained from the Haiaris is shown to
be identical wi(h tubatoxin, the cr-vstalline poison found it Dertis
elliptica. 'fubatoxin proved to be several limes more toxic than
nicotine. In the case of Tephrosia oogelii aod T. toxicatia, the
most toxic substance isolated was resinous in nature. Crystals
closely corresponding to tephrosin, as isolated b)' Hanriot, u'ere
less toxic.

A number of alkaloids was also investigated, Cytisine and
lobelioe, known to have a physiological action similar to that of
nicotine, were found somewhat less toxic than nicotine to aphides.
Eserine was the onlv other alkaloid tested rvhich approached nico-
tine io toxicity.

LXVII. C. T. GIMINGHAT"T, A. M' MAssEE and F. Tetrrns-
FIELD. " A ?uaititatioe Examinaliort of the Toxicity
ol 3 t 5-Dinitlo-o'ctesol and. Other Contpounds lo
Ir-sects' Eggs, ander Laboratory aad Field Condi-
tioas." Annals of Applicd Biology, 1926. Vol. XIII.'
pp. 446-466.

The toxicity of 3: 6-dinitro-o-cresol and its sodium salt to
eggs of the moli, Selenia letrahn&ria Hiifn, has beeo determined
quintitatively under controlled conditions in the laboratory. The
figures obtained conhrm earlier results and show (a) that these
co'-pounds have a very high toxicity to insect e8:8:s, and (b) that

F
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the sodium salt of dinitro-o{resol is only slightly less toxic than
dinitro-o-cresol io tie uncombined state.

Preliminary work indicates tlat dinitro-o-cresol is also highly
toxic to iosect eggs of a more resistant type thaD those oi S.
tetralunatia.

Spray fluids containing dinitro-o-cresol or the sodium salt
showed a high eltrciency agaiost eggs of the Hop-Damson Aphis
(Phorod,on humuli Schr.) on plum trees on a larger scale under
field conditions. Thc trees sprayed with these compounds
remained almost free from aphids'during the following 'spring
when the control trees were badly infested.

A quantitative method for judging the results of the field
experiments was uprked out. This involved recording details of
large numbers of eggs on selected shoots on sprayed and control
trees before and after spraying, a numerical measure of the efiect
of the various treatments being thus obtained. The method gave
consisteot aod reliable results,

The spray fluids containing dinitro-o-cresol and its sodium salt
had a marked cleansiog effect otr the trees. No injury to the trees
was observed.

LXVIII. D. M. T. MonreNo. " On lhe Miuoscopic
Examination ol Bees lor Acari." Atnals of Applied
Biology, 1926. Vol. XIII., pp. 602-605.

The discovery by Rennie ard his collaborators of the mite
which causes one form-of adult tee disease, renders desirable a
quick method of dissecilon to facilitate detection of the parasite.
The method described allows of the whole of that ponion of the
thoracic tracheal system which is liable to invasion by the mite
to be exposed to view.

(b) FUNcus pEsrs AND THErR coNTRoL.

LXIX. \V. A. Roaor and W. B. Bnrcnr-ey. " Further
Experirr.ents on the Use ol Sdphu in Relolion lo l|at
Diseose ol Potaloes." Annals of Applied Biology,
1026. Vol. XIII., pp. 30r-307.

Plots ol light sandy soil at Ormskirk carefully fenced in to
prevent re{ontamioation were treated with sulphur at rates of
l0 cvts. and l5 cwts. per acre. The sulphur was incorporated
by mcans of the " Simar " Rotary Tiller, kindly loaned by t}e
Piccard Pictet Company. A planting of King Edward and a re-
planting of Arran Chief varieties in the treated plots almost com-
pletely failed ro gro\r., On the few plants which developed, Warr
Disease was present in less quantity than on the plants in the
untreated controls.

A plot of heavy clay soil at Hatfield was treated with 3 tons
of sulphur per acre incorporated by means of the Simar Rotary
Tiller. Plants of King Edward variety grew well, but showed i
considerable amount of wart disease.

Plots of land at Ormskirk which in 1924 had received amounts
of sulphur -varying up to one ton per acre were in 1926 given a
d-ressing of_ iime and planted with Maiestic variety of p6ratoes.
No effect of the previous treatfteot on ihe crop wai appirent.
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LXX. Manv D. GLvNNE. " Wart Disease ol Potatoes :
The Detelopment ol Syochytrium endobioticum
(Scilib.) Perc., in'Imnaune' Varieties." Annals of
Applied Biologv, 1926. Vol. XIII., pp. 358-359.

By ao infection method previously described small protube-
rances and surface irregularities were obtained oo the shoots of
six different " immune " varieties of potato. These did not seem
to develop further or to produce ordinary warts, but microscopic
examination shorved that infection by Synchylrium end,obioticu,m
had taken place. Its development up to the liberation of the
summer sporangia has been observed, but its further develop-
ment, that is reinfection by zoospores from summer sporangia
and the formation of lvinter sporangia, has not been detected.

LXXI- IARv D.. GLvNNE. " The Viability ol the Wintet
Sporangiu.m of Synchytrium emdobioticum (Sch b.)
Perc., the Organism Causing l.Vart Disease in Potato-"
Annals of Applied Biology, 1926. Vol. XIII., pp.
19_36.

A staining method for testing the viability of the winter
sporangia ol Synchytrium endobioticum is described. The
sporangial contents are pressed out into acid fuchsin or after
treatment by a strongly alkaline reagent into methylene blue.
The staining reactions have been correlated with the results of
infection experiments in pots. Sporangia which, like the controls,
stain faintly, produce a high percentage infection and are therefore
alive. Those rvhich stain deeply and rapidly produce no infection
and are presumably dead. There is an intermediate group in
which some sporangia stain deeply and some are intermediate in
reaction. This group tends to give less infection than the coo-
trols.

A method whereby sporangia which have beeo treated in soil
may be extracted without affecting their viability. is described.
The method depends on the diference in specific gravity of
sporangia, rvhich has been determined as about 1.17, and of soil
rvhich is in the region of 2.5. The sporangia are extracted by
means of chloroform (sp. gr. 1.5 approx.), *.hich does not afect
their viability-

A study of the relation of temperature, time and viability
shows that treatment for 5 minutes at g0o C., 15 minutes at
80o C., I hour at 70o C,, and 8 hours at 600 C., have a similar
effect in killing all lhe sporangia.

LXXII. S- Drc(rNSoN- " A Sinple l{ethoil ol Isoloting
and Hand.ling lndil)id.uol Spotes and Bacteria." Arnals
of Botany, 1926. Vol. XL., pp. 273-274.

The method described consists of holding the bacteria in a
film of water arrd then moving one of them to another part of that
film by means of a local thickening, the whole process beiog
observed through an oil immersion lens.

In practice the film of water used is that on the surface of a
Iayer of agar on a coverslip, while the local thickening is obtained
by bringing a fine glass rod in contact with the agar, and then
withdrawing it slightly, so forming a column of water; it is in the
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column so formed that a bacterium is carried to another part of
the agar aod that part is cut off and put into the new culture
tube. The glass rod is capable of fine adjustment in all direc-
tions, beiog mounted on a three movement machine clamped to
the microscopic stage, rvhich is called an Isolator, being made for
the purpose by NIessrs. Ogilvy & Co.

With this instrument it is prossible, starting from a culture, to
isolate a single bacterium and transfer ir to a fresh test tube in
from 3-5 minutes.

LXXII. (a) S. Drcrrrsor. " A llethod ol Isolating and.
Hondling lnd.itidual Spores and Bacteria." Proceed-
ings of the Royal Society of trIedicine, 1926, Vol.
XlX., Section of Pathology, pp. l-1. (See preceding
paper for abstract.)

LXXIII. S. Drcxrrysor. " Erperinents in the Physiology
and, Genetics ol the Co.itered Smuts ol Oats and. Barley.
Hyphal Fusion-" Proceedings of the Royal Society,
1997. Ser. B., Vol. 101, pp. 126-136.

The cytology of the Covered Smuts of Oats and Barley in
pure cullure has been investigated, and the fusion, boti within
and across the species investigated between the mycelia of dif-
ferent " gender " derived from single sporidial isolations, is
described. The fusion hypha is binucleate, and nothing has been
seen which sug8ests that nuclear fusion occurs. The binucleate
fusion-hypha gives rise to uninucleate hypha which are of different
gender, these being produced at difierent ends of the fusion hypha.
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TECHNICAL PAPERS
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LXXIV. E. J. Russerr,. " Agticulttre i Scientific Deoelop-
m,ents." Eocyclopedia Britannica, l3th Edition.

LXXV. E. J. Russur. " The Place ol Science in Rurol
Lile-" r^(ansactions of the Souti-Eastern Union of
Scientific Societies, 1926.

LXXVL E. J. RussELL. " In1)estigations in A gicultural
Science at Rothamsted,." Journal of the Royal Society
of Arts, 1926. Vot. LXXIV., pp. 346-359.

LXXVIL E. J- RussELL, " A gricultural Science and.
Arable Farning in 1925." National Farmers' Union
Year Book, 1926.

LXXVIII. E. J. RussELL. " Field. Experiments, Holo they
are foIade and, Whot they Are." Journal of the Minis-
try of -{griculture, 1926. Vol. XXXII., pp. 989-1001.

LXXIX. R. A. FrsEER. " The Anangement of Fielil
Experitrtents." Journal of the Ministry of Agricul-
ture, 1926. Vol. XXXIII., pp. 503-513.

LXXX. E. J. RussELr-. " Field, Exlrerimenls at Rotharn-
sted, during 1923 and 1024." Journat of the Ministry
of .{griculture, 1925. Vol. XXXIl., pp. 393-409-

LXXXI. E. J. RussELr. " 'l'he Feeding ol Plants : Old.
arul Neu ld.eas-" The Alchemist. Vol. I., No. 4.

LXXXII. E. J. RussELL. " A gricultural Science and,
Arable Farnting it 1926." National Farmers' Year
Book, 1927.

LXXXIII. E- J. Russrrr. " Regional Suroeys anil Scicn-
tific Societies." Proceedings of the British Associa-
tion, 1926- Presidential Address to the Conference of
Delegates.

LXXXIV. E. J. Russrr.r. " A lisit to Gezira." The
Agricola Club Journal, 1925, No. 35.

LXXXV. E. J- Russer-r-. " A Thtee Thousand Mile lour-
ney u? the NrIe." The Geographical Teacher, 1924-
Vol. XII., pp. 42O-424.

LXXXVI. E. J- Russeu.. " Cotton ot the Nile." The
Geographical Teacher, 1926. Vol. XIII., pp. 296-301.

LXXXVII. E. J. RussELL. " Westerrc North Atnerica."
The Geographical Teacher, 1926. Vol- XIII., pp.
354-361.

LXXXVIII. R. A. Frsurn. " Perioilieal Health Surueys."
Journal of State Medicine, 1926. Vol. XXXIV., pp.
446-449.

LXXXIX. 'W. D. Cnnrsruas. " Notes on the W eather at
Rothamsted.." The Times. April 2nd, lttly 2od,
October 2nd, 1925; January 2nd, March 2nd, April
2od, May 4th, July 9nd, September 2nd, November
2nd, Decembdr 2nd, 1926; January 3rd, 1997.
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XC. ts. A. KEEN. " Agricultural ![eteorclogico], Worh at
Rothansted." Journal of the }linistry of Agriculture,
1926. Vol. XXXIII., pp. 210-218.

CROPS, SOILS .AND FERTILISERS.

(o) cnors.

XCI. H. Lr-oro Hrxo. " Anolytical Results ; Ap?endix to
I'hkd, anL Foutth Re|orts on the Influetce ol Soil,
Season and, Manuting on the Quality onil Gtottth of
Bo ey ol the 7923 and. 1924 Crops, as Ind.icated. by the
Malts nade therefrom, by H. M. Iancaster." lournal
of the Institute of Brewing, 1925. Vol. XXXI., pp.
111-114 and 603-608.

XCII. T. EDEN. " Soil Acid.ity and. Plant.Grottth." The
Garden, 1925. Vol. LXXXIX., pp. 175-176.

XCIII. .w. E. BnrNcl[rv. " The Ellect of Light and.
Heoty Dressings ol Iine on Grasslanl,." Jouroal of
the Ministry of Agriculture, 1925. Vol. XXXII., pp.
604-512.

XCIV. W. E. BRENCHLEI. " Sprcying lot Weed. Era.d.ico-
tion-" Jotrnal of the Bath and West Society, 1926.
Vol. LXIX,, pp. 1-20.

(b) sorr-s.

XCV. E. J. Russrrr,. " Soils and Manures." Agricultural
Research in 1925. pp. 97-135. (Royal Agricultural
Society of England, 1926.)

XCVI. B. A. KEEN. " The Border Line betv:een Meteor-
ology and Soil Physics-" Meteorological Magazine,
1925. Vol. LX., pp. 18r-r87.

XCVII. B. A- KrrN. " 'fhe Use ol the Dynarooflete, in
Soil Cultfuation Stud.ies ond, Implement Trials."
Journal of the Royal Agricuitural Society of England,
1925. Vol. LXXXVL, pp. 30-43.

XCVIII. B. A. KBBN. " Soil Management." Essex
Couqty Farmers' Year Book, 1926, pp. 270-278.

XCIX. B. A- KBcN. " Soil Physics and its Beating on
Practice." Scottish Journal of Agriculture, 1996.
Vol. IX., pp. 129-136.

C. A SuB-CoMMrrrEE oF TrrE AcRrcuLTURAr EDUCATToN
AssocrATroN. " The Olficial Method lor the Mechani-
cal Analysis ol Soils. Ad.opted, by the Agicultural
Ed,ucotion Association in 7925." Agricultural Pro.
gress, 1926. Vol. III., pp. 106-110.

CI. H. J. PAGE. " The Imtestigations ol K. K. Gedroiz
on Base Exchange ond. Absorption." Transactions of
the II Commission of the International Society of Soil
Science, Groningen, 1926. Vol. A., pp. 208-231.

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-1-84 pp 88

87

CII. H. J. Pecn. " Colloids atd theit Importance in the
SoiI." Agricultural Progress, 1926, Vol. III., pp.
I5-r6.

CIII. H. J. PAGE. " Soil Colloiils." In British Associa-
tion Reports on Colloid Chemistry and its General and
Industrial Applications, 2nd Edition, H.M. Stationery
Office. (In the press.)

CIV. H. J. Pace. Articles on " Soils and. Fertilisers-" lt
the Society of Chemical Industry Annual Reports on
Applied Chemistry, 1925. Vol. X., pp. 343-457;
1926, Vol. XI., pp. 462-479.

CV. H. J. PAGE. Sections on " Soil Chemistty and Plant
Biochemistr!." In the articles on " Biochemistty "
in tlre Chemical Society Annual Reports. 1925, Vol.
XXIL, pp. 194-rI5i 1926, Vol. XXIII., pp. 210-234.

(c) rrnrrr,rsrns.

CVl, E. J. Rrrssrt-1. " Rothai.steil Experii.ents on the
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Book, 1927, pp, 255-261.
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968, 1061-1064, 1161-1165. Vol. XXXII., pp. 7O-72,
951-953, 1045-1047, rl38-114r. 1926, Vol. XXXIII.,
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CX. H. V. Genurn. " Noles on Manures-" Journal of
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Fertiliser." Fertiliser, Feeding Stufis and Farm Sup-
plies Journal, 1925. Vol. X., pp. 871-8?3.
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Use ol Super|hos? Irate. " Address to the International
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1926.

CXIII. B. A- Krrr. " Lime: Some Agricultlrral Aspects."
The British Limemaster, 1926. Vol. I., pp. 52-63.

BIOLOGICAL.

CXIV. P. H. H. Gnav. " Soi.l Bacteia and Nibogen Filra-
lioz." Discovery, 1926. Vol. VII-, pp- 109-112.

CXV. H. G. Tnorxrox. " Bo,ctein, in Soi,l." Encyclo-
pedia Britannica, 1926, 13th Edition. Vol. XXIX.,
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CXVI. D. W. CurLER. " Li.le in a Gatden Soil." Trans-
actions of the South-Eastern Union of Scientific
Societies, 1925, pp. 33-57-

CXVII. A. D. Ivus. " The Use ol the Aetoplane lot
Applying Insecticides." Journal of the Ministry of
Agriculture, 1926- Vol. XXXIII-, pp. 205-210.

CXVIII. J. I)AvrDsoN. " 'l'he Bean _4phis.,' Journal of the
Ministry of Agriculture, 1925. Vol. XXXII., pp-
234-242.

CXIX. D. M. 'f. Nlonraro. "'Ihe Bee Reseanch Institute at
Rothansted." Journal of rhe Ministry of Agricul-
ture, 1926- Vol. XXXIII., pp. 33-38.

CXX. A. D. IMMS. " T'he Biological Control ol Insect
Pests and, Injuious Plants itt the Hauaiian Isktnds.,'
Annals of -A,pplied Biology, 1926. Vol. XIII., pp. 409-
423.

CXXI. Wu. B. Bnrrnr,ry. " Progtess in the Biological
Sciences, 1925." " Progress in the Biologial
Sciences, 1926." Annual Register, 1925, 1926.

BOOKS PUBLISHED DURING 1925 & 1926.

BRENcHLEv, Wr\rrRED E. " Inorganic Plant Poisons antl
Stin ulants." Second Edition, revised and enlarged,
1927. The University Press, Cambridge. 10/6.

BRENcHLET, W. E. " Die Rothom.steder Wiesendingungt;er-
suche," 1926. (German translation of ,, Manuring of
Grassland for Hay." By Prof. C. A. Weber.)

IMMS., A- D., M.A., D.Sc- " A General Textbooh. ol Ento-
mology." 1925. Methuen & Co., Essex Street, Strand,
London, W-C.2. 367-.

A general textbook for the use of the research worker,
advanced student and teacher, Its aim has been to present the
chief facts concerning the structure, physiology, development and
classification of insects and the biology of their more-important
represenlatives. It is the outcome of a number of years'ixperi-
ence of the need for an up-to-date book covering thise fields'and
is an attempt to meet that requiremeot. The subject of Applied
Entomology has assumed paramount importance in relatibn to
agriculture, forestry, medicine and other aspects of human we[-
fare. Separate textbooks are available deajing individually with
those several branches. Experience, however, has borne out that
success in any branch of applied science is dependent upon a
thorough grasp of the principles of rhat science. ln this cbnnec-
tion, therefore. it is hoped that rhe present rork wiil find its place
and be found of value to workers in Applied Entomology scatiered
throughout British Dominions.

Saroor, H. " The Composition ani Distribution o[ the pro-
tozoan Fauna oJ the Soil." t922. (Biologi;al MoDo_
graphs and Manuals), Oliver & Boyd. Edinburgh.
t5/-.
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In this volume the scattered records of the occurrence of Pro-
tozoa in soils are collected together and compared with the obser-
vations made at Rothamsted, wilh the object of aoalysing the
faclors influencing their disrribution and abundance in lhe soil.
Descriptions are added of most of the forms known to occur, with
keys. for their identification and figures of many of the commoner
specres.

Russerr-, Sir E. J. " Plant )irtrition ond Cro? Production "
(being the Hitchcock Lectures, 1924, University of
California). The University of California Press and
the University Press, Cambridge. l2/6.

RussELL, E. l. " Soil Conditions and Plant Grottth."
Fifth Edition, 1926. Longmans, Green & Co-, 39
Paternoster Row, London, E.C.4- 18/-.

" A Descriptil.te Catdog*e ol Printed Boobs on .4griculture
lrcn l47l to 184o, contained. in the Rothamsted
Library." 1925. Cloth cover, I2f-; paper cover,
tol-.

This catalogue deals with the 1,500 books in the Rothamsted
Experimental Station Library published between the years 1471
and 1840 on agriculture and related subjects. It includes bio-
graphical notices, compiled by Miss Aslin, of the authors, and
short descriptions of the more important books with illustrations
of those of unusual interest and rarity. Besides the list of authors
there is a chronological list of the books, arranged under coun-
tries, of great importance to students of the liistory of agriculture
and made interestiog to the general reader by Miss.A.slin's notes
on contemporary events- This is the first time the chronological
information has been available in such complete form.
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THE FARM & CROP RESULTS
ocToBER, 1924 TO SEP-fEMBER, 1925.

'fhe outstanding features of the season under review were the
wetness of the autumn and winter, and the long and Dractically
unbroken drought, from the beginning oI June Ill mid'July.

- !ollowtng an exceptionally wet season, October turned oul
mild, duil and wet; rhe rainfall of 4.28 inches, being 1.19 inches in
excess of the average. lvheat and winter oats weie drilled under
Iairly good conditions on such land as u.as ready. Elsewhere,
cultivations were greatly hindered by lhe weather, ploughing wai
lrequently stopped, and polato har\.est rvas slow and dimcutt. Bu
the end of the month lhe land rvas so sodden that rhe Broadbail
drains ran after every shower. Similar conditions continued in
November, rvhen the rainfall rvas again above average. The
weather was generally mild, but a few frosts helped to -conditior
lhe land, and, taking advantage of this Broadbalk was drilled
on the 6th. December r-as unusuaJly warm, the mean lemperature
being 3.7o above- normal, and the rainfail again exceefed the
average, so that in the hrst quarler of rhe farm year the rainfall
uas 3,2I inches in excess. During the latter pait of the month-
cullivation became impossible, andrvater stood on the tand afte;
ra.rn. January_remainedmild, and brought drier weather, and the
winter cereals bcgan to improve. Stubble ploughing was oushed
forward, but the Iand came up very stickv, and ,ieeddil frost'badly,
I he rmprovement was only temporary, for Februarv. with 3.91
inches oI rain, doubled the normal rainfall.

Oats were drilled under rather wel conditions on lOth- and
beans rvere sown in a better seed hed on 19th. Work then tame
to a standstill, and surface water stood on the land on 2bth and
26th. In spite oI the rain, corn and young seeds had come throush
the u,inter betrer than might hare been"expected. oossiblv owiio
to the_fact that rhe weather had pracrically ilwuyi L""n #ld.

. The. chang_e_came jn .Nlarch. 
- 

A dry month, with frosry nights
and-periods of biring winds, made i marvelious chang6 in-rhe
sodden furrows. Spring corn was drilled under conditidns which
h-ad seemed impossible a month.before. Similar conditions persisted
rvith ApriJ, wiich-was late, and cold, but fairly dry, and enableJ
the.sowing of spring_corn and clover to be compleied. The cold,
sunless weather of the last two months, hov,ever, had given no
stimulus to winter cereals or g.rass, which were still bi-ckward.
^ The_biting rveather of Xlirch and April continued for the
first veek in NIay, and was follorved by the first hot weather of
the year. By the tgth, rhe ground had become so dry that the
young clover began to suffer, but the last week of the month \^-as
cooler and shorvery: the g.rowth of all crops was rapid, and wheat
made_a wonderlul recovery where it had winrered badly. luneblought in a drought which Iasted for abour ? weeks. onlv.l2-inch
of rain lell in the monlh and the ground was never wet,' \.I/inler
corn did well, alrltough oats shoupd a lendency to riDen pre-
maturely. Barlel rvai ralher short jn the straw. but otherriise
unharmed. Hav was secured in excellent order. without a check,
but undersown crops and swedes were at a stardstill. Much
cleaning rvas done in the roots and failows. The drought con-
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tinued for the 6rst half of July, but the last fortnight of the mont!
brought no less lhan 4.08 inches of rain, an amouot which exceeded

the;hole month's rainfall at any of the crop rePorting stations of
the Ministry of Agriculture. The rain came just in time.to save

most of tie und;rso$n crops. Mangolds had, by this time,
received a definite check when grown t'ithout dung' and swedes

were a failure. Wioter oats iut immediately before the rain,
sorouted in lhe shocks in lour days, and the ripening o[ the ot]rer
clreals was delayed, .\ugust wai dull and showery, and straight-
forward harvesting was never possible, although the bulk o{ the
corn was got in during the month. The last week of the month
rvas partiC-ularly rvet, and carting and -stubble- ploughing rvere

stoppid. 'l'he conditions of August were intensified in September,
theie beiog more rain and less sunshine.

A tryiig harvest rvas completed on the 12th. Owing to the
nature of lh; weather, a good deal of damage to tlre corn occurred
in rhe field. Oats suffered most' wheat was rather soft, and
barley only in fair condition. Yields were satisfactory; early sown
rvinter oats and wheat yielded 68 and 40 bushels per acre' respec-
tively, the barley on Foster's field and spring oats on Stackyard,
gave 48 aod 40 bushels per acre. Late sown swedes made more
6af than bulbs, aftermaths grew rapidly, but conditions for
making the second cut hay rvere bad. An extraordinary germina-
tion of weeds took place on the stubbles, but the increasing $'et-
ness at the end of the month, gave n<) immediate prospect for
clearing operations. ()wing to lhe long drought, t-he season had
bee ibad one for rools, but lifting was favoured by the dry,
hard weather of October and November, and the crop v/as 8ot
up and stored in good condition, and with no damage to the land.
Swedes on Wesi Barnfield failed completely over some of the
area, mangolds, grown without dung, yielded a poor crop, but, on
Stackyard field, dunged mangolds gave 25 tons per acre, and
turnips, 1? tons.

OCTOBER, 1925, TO SEPTEMBER, 1926.

A hard winter, late spring, and an unusual amount of lodged
corn at harvest time were the outstanding points of the Season.

The farm 1'ear opencd well, with a warm, dry fortnight, giving
excellenr conditions for stubble cleaning aod handling the second
cut hav, \\'inter oats and a soiling rnixture were got in weJl.

The wiather thefl became rather uosittled, so that the wheat was
.lrilled under wetter conditions, but work in the root felds was
dot seriously hindered.

By the 
-beginning of November, t-heat was being ploughed

in on'Gt. Ha.[enden field, in ordet to push on with the sowing
on land too stiaky to drill. Hard conditions soon set in, ho'weve},
and the month wis unusually frosty- Ground frosts were recorded
on 18 occasions, a d on the 14th, and 17th, there were 12 and t3
degrees of frost respectively. Broadbalk, the sowed area reducetl
to"four acres this siason on account of fallorring operations, was
drilled in a favourable period on 25th, and then snow fell and
stopped work on the land for *re rest of the month. Like the
previous month, December tumed out colder, drier and brighter
ihan ,sual. The 6rst half was a continuation of the frosty
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weather -of November, and from the 2nd to the 6th inclusive, the
grass minimum ranged from 22o to l7o F. During this period
Iittle could be done, and when rain came with ihe thirv i.,
the middle of rhe, month, r.ork was coniined to stubble ploughing.
A brief period o[ frost set in ag.ain at Christmas, and the "monit,

finished warm, damp and muggy. January was a wet montll
wiLh an exceedingly sevcre mid-period. 'l he raintall $as l.llin,
rn excess of lhe average, while the air minimum of 40 1.. regis-
tered on the 17th was the lowest recorded at any of the ciop
w(alher starions of the -\linistry oI AgriculLure during the monrh.
When the air temperature *ri lo f], the g.rass miiimum unde,
the snow was only 20o F. Ploughing coitinued tili the snow
came on the l:lth, when no further work was possible till the
29th. The outstanding feature of February was iis mildness, the
meao temperature of 44oF. being nr_r less than b.EoF. above thc
normal. 1'he month u,1as unusually dull, only 41 hours of sunshine
being recorded. -l'he rainfall wai also rather above the average.
The first three rveeks rvere too wet for seed bed preparation, whiat
rvas yellowing, and grass and clover made no gr-owih.

_ In the drier period of the last week, spring oats rvere got in
under fairly good conditions. Winter oats wlict had -u"de .uhcadrvay lbr the past three months began to show definite signs
of improvement by the end of the month.

March, like the same month of last year, vas very lavourable
for spring rvork. 1'he rainfall of .21in. was l.?iin. below the
average, arrd the lo\,est recorded by any of the crop reporting
statioos. 1'he period rvas also warmir and sunnier tha; us;d, bui
the nights_rvere lery cold and 16 ground frosts were registerei.

The drving rvinds and general conditions u.ere hig:hly favour_
able to spring cleaning, and much work rvas put in6 Stackvard
field during the month- rNew Zealand field a;d Wesr Barrifielrl
were ploughed for the second time and drilled with barlev on a
rather.rough lilth, the rest of the barley being held back iri order
that rain-might soften the clods. The dioughigf March contiaued
into April.- and began to be felt, especially"by germinating seeds.
It rvas broken by irn. oi rain on 8th of the month, but the weather
remained dry for a further week. The last fortnip.ht oI ADril
was wel, and work began to be hindered at the end o? the -.rrith-Ior by this time the rainfall was lin. in excess of normal. Greai
Hoos was dr illed, Great Harpenden undersown, and potatoes $/ere
planled under excellent conditions during the monlh. ' W.inter corn
began to-improve and answer to top drissings, tfre ratt e. uneven
plant of l\larch barley fi1led up by later ger-minations una vounectover made a verl good plant. J\[av w.as an unusua]lv coid lar-e
month, and provided a fortnight of biring rvinds which'caused Lhc
corn to yellow; a milder period followed, but without anv summer
weather.. Barley rvas injured by the cold, but spring oais seemed
more resistaot. Root tilths were difficutt owine jo th'e heavv rains
of late April. Cold showery weather persiste? fo. tf," n.it t uiiof June. Conditions u,ere 

-bad 
for hoeing 

"r; ,li .;;";;;";l
sun._An attack of spring rails on Ba rn field inungold. -ai f"uori"J
by the showery rveather. and was only controiled Uv "n"ia",i.sweeping rvith larrcd sacks. -An carly start *u. -#" *itf ifr.
hay, but progress was slow. The second half of June *;" ;;;
and &rarmer. All the wheat, except that on Little"Hoos, showed
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bad attacks of yellow rust. On the whole in spite of rather un-
pleasant weather, the crops had made favourable progress during
the month- The first fortnight of July brought some real summer
lveather which rvas badly needed for hoeing and hay-making, but
dull wet conditions set in for the second half of the month, and
the heavy rains and gusts at this period were responsible for
the widespread lodging of corn which was a feature of the season.
Winter oats on I-ong Hoos and the barley on'West Barn and New
Zealand fields were badly laid. Wheat aod spring oats made
standing crops. Prospects were good lbr roots, but mangolds
E"anted sun. A feature of the past four months had been their
extraordinary dullness, the period April-July inclusive showed a
sunshine deficit of no less than 180 hours.

August did oothing to redress the balance of sunshioe, but
was remarkable for its dryness. Only l.l9in. of rain fell, which
was the lowest figure registered at any of the crop reporting sta-
tions for the month. Had it not been lbr the lodged crops, harvest
would have been secured in record time. As it was, some of
the barley was not carted by the end of the month. September
opened r.ith l]in. rain in the first rveek and caught the dead ripe
barley in shock, and some of the corn sprouted in the moist, lvarm
period which ensued. 1'he remainder of the month was hot and
bright, aod harvest was completed by the 15th. Potato digging
and stubble cleaning commenced under very good conditions, and
some second cut hay was made. Wheat was the best cereal crop
of the year. Rye was satisfactory. Oats and barley, although
they had the appearance of good crops rn the field, threshed out
badly. Potatoes started late and were checked by the dry spell
in August, but they yielded rvell, 10-ll lons per acre, where they
were completely manured. The crop w:as free from disease, but
rvas only about one-half ware. Srvedes did well, but mangolds,
although fairly good, Dever seemed really to do iustlce to the gene-
rous treatment they received. Meadow hay responded well to
spriog cultivation and nitrogenous top-dressing, and gave a satis-
factory crop.
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WOBURN EXPERIMENTAL FARM
REPORTS FOR 1925 & 1926 BY DR. J. A. VOELCKER.

SEASoN 1924-5.
The season 1924-5 was verv abnormal. The autumn and

wioter were wet, and the spring markedly deficient in sunshine,
Crops struggliflg against these adverse influences l,tre not able
to withstand the drought that came later in June and July. This
period, however, helped in making the hay crop. The weather
broke before harvest, which was conducted under difficulties, some
of the grain sprouting in the sheaves. The wheat crop never
recovered from its early bad start, and, although the barley was
sown in better conditions, it could not withstand the drought, and
was especially short in t1te straw. Of the roots, mangolds and
potatoes did fairly well, but swedes, that could not be drilled until
the end of July, v,-ere naturally a failure.

The wet winter markedly afiected the soil conditions. On
Stackyard Field in January, 1925, the nitrate of soda plors (3, 6,
9) and the farmyard manure plot (l1b) were wet and sticky, while
the sulphate of ammonia series (2, 5, 8) were comparatively dry
and friable. Difiereoces were also observed in the young plants,
those on the sulphate of ammonia being much superior. Later on
these differences were reversed as the familiar efiects of soil aciditv
began to show. The abnormal.soil conditions were also evideni
on the area of Stackyhrd Field intended for swedes. Although
the land is a light sandy loam, the ploughed land dried into clods
that became hardened in the June drought, and no satisfactory
seed bed could be prepared.

SEASoN 1925-6.
The season 1926 was one of a distinctly mild character, with

ao average rainfall, but a deficiency of sunshine.
The period of autumn soring was quite favourable; there

was a little frost in December, 1995; March, 1926, was a singu-
larly dry month, but April, May and June were all very unsettled,
with prolonged cold periods and absence of warmth. July and
August rvere fair and warm, and the early harvest was got in in
good condition. Intervals of fine and rvet weather followed, and
the rest of the harvest rvas gathered with difficult1.

1925 26.

October ...
November ...
December ...
January ...
February ...
March
April
Ma,v
June
J"lv
August
September . . .

4.03
2.58
3.65
l.4l
2.39

.82
1.59
2.26

.05
2-85

2.68

t6
10
l3
I

t5
7

15
l6
2

l0
t7
l3

2.95
1.50
1.89
2-7 4
2.67

.17
2.59
2.38
2.47
1.99
t.l9
1.84

7
ll
\2
l5

3
16
t7
t2
t2
I

l0

RAIN FALL.

IJ2
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FIELD EXPERIMENTS.
1. Contiruous Grcwing ol Wheot (Stackyoil Fielill.

1925 (49th Season).

Farmyard manure (giving 100 lb. ammonia per acre) was
spread and ploughed in (plot llb), November ?th, 1924, and
" Yeoman " rvheat-l2 pecks per acre-was drilled on November
t8th, 1924. Rape Dust was given to plot lob and the mineral
manures to the several plots on the same day. A fair plant of
wheat came up, and displayed in January the marked appearaoce
already described.

Coltsfoot appeared thickly on the nitrate plots, and by the
middle of March the crop began to fail on the sulphate of ammonia
plots. BJ May the farmyard manure plot had to some extent
recovered, 'l'he first top-dressings of sulphate o[ ammonia and
nitrate of soda were given on June gth, and the second dressings
on July i6th. The crop was cut August llth-t4th, carted and
stacked August t6th, and threshed early in December. The
results are given in Table I.

The yield was a very miserable one, and worse than the poor
crop of 1924, which was the previous lowest record. The
unmanured produce was only 2 bushels per acre, and the highest
yield 6.8 bushels per acre, rvhereas in 1924 it was 18 bushels-

\Vith results so low as those shown in Table I, there is little
point in discussing the figures in detail. Despite their bad start,
the nitrate of soda plots turned out superior to the sulphate of
ammonia ones. The highest crop was 6.8 bushels of corn per
acre *.ith nitrate of soda (50 lbs. ammonia per acre) alone, the
farmyard manure (5.9 bushels) coming Dext; these two plots also
gave the highest yields of straw.

7926 (blth Seoson\.

Farmyard manure, as in the previous year, was spread, and
ploughed in, October 13th, the quantity being 4 t- 12 c. 2 qr.
20 lb. to the acre. Mineral manures and rape dust (403.2 lb. per
acre) were applied October 16th, " Yeoman " wheat-l2 pecks to
the acre-having been drilled October 14th-15th. The wheat
came up well, and even the usually " weak " plqts (such as 8a, 8b)
looked better than usual. The plot 2b (last limed in 1897) still
continued to show clearly the influence of lime; on the other hand,
the expected failure of 5a (rl'here no lime had been given) did not
materialise. The farmyard manure plot (1lb) was the best of the
series, and the rape plot (l0b) not greatly inferior.

The 6rst top-dressings of nitrogenous salts were applied on
March 27th, the second on June l0th. Through an error the
whole amount for plot 6 was put on one half of it only, while the
top-dressings were applied to the " a " instead of the " b " series
of plots 8 aod 9.

The same mistakes were, at the same time, made in the case
of the continuous barley plots. To remedy the error as far as
possible, the second half of plot 6 was subsequently given, in
each case, the proper dressing of 25 Ib, per acre of nitrate of soda,
and the two halves were reaped separately.

By the middle of July the crop had become very uneven, and
weeds made their appearance in quantity, notably on the nitrate
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plots-a species olcia (Vicio hbsuta) ar.d of Convolvulus were
the clrief pests, in addition to coltsfoot, wild oats an,d Holcus
mollis-brt it r*zs noticeable that oo lhe sulphate of ammonia
plots there v/as no Vicia,

'l-he wheat was cut oo August 25th, but, owing to bad har-
vest weather, could not be carted until September 13th. ln thc
case of a few sheaves there was some sprouting of the grain.

After the wheat had beeo carried, the stubble was found to
be in a very dirty condition, and this, together with the fact that
the 50 years' period of cootinuous wheat cultivation had been con-
cluded, led to the determination to fallorv the land and give it a
thorough cleaning before embarkiog on a new series,

The harvest results are given in Table I.
'l'he rapid gror+1h of weeds, and ol Vicia hirsuto in pa:.

ticular, was responsible, in great measure, for the extremely high
amoults of tail corn recorded, it being almost impossible to sepa-
rate the corn and the tares,

The produce in general was much like that of 1923. The
unmanured plots Bave an average yield of 4.3 bushels with 10 cwt.
3 qr. of straw per acre.

On plot 9b (sulphate of ammonia), which received 2 tons of
Iime applied in 1897, the yield was 8.7 bushels, double that on
the uomanured. On plot 2a (sulphate of ammonia), where no lime
was added, no weighable crop has been recorded for the past
thirty years.

Nitrate of soda Lave, all rouod, higher results than sulphate
of ammonia, the addition of minerals to it showing no benefit this
season.

The farmyard manure plot looked about the best of all earlier
in the season, but fell off towards the close. The weight per
bushel of the corn $?s generally low, and the tail corn excep-
tionally high.

2. Continuous Gtowing ol Barley (Stachyard. Fielil).

1925 (49th Seosonl.

The land, after ploughing in March, 1925, was in better and
drier condition than the corresponding rvheat area. Nevertheless,
the difierence between the nitrate plots and those treated con-
tinuously with sulphate of ammonia \t'as very observable, the
former being of darker colour and closer texture.

Farmyard manure (giving 100 lb. ammonia per acre) was
spread on plot llb on March l9th-the quantity being at the rate
of 3 tons l3 cwt. 3 qr. 9 lb. per acre.

" Plumage Atcher " barley was drilled on April 17th at the
rate of 12 pecks per acre. Mineral manures and rape dust were
put on the respective plots the same day. The land, at this
period, was still som6what lumpy.

The barley came up well, and the land r*-as rolled about the
middle of May- At this time the crop looked very promising.
The sulphate of ammonia plots that had had no lime sooo began
to go of, as usual, those receiving lime keeping quite good-
Coltsfoot rvas particularly noticeable in the nitrate of soda plots.
The first top-dressings of sulphate of ammonia and nitrate of
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soda were given on June lOt[, aad the second dressings on
July I6th.

Up to June 24th, the crops stood the drought quite well,
but, though the ultimate yields were much superior to those of
the Wheat series, and also to tlre Barley crops of 1924, they were
well below the average. In particular the straw was very short,
and there were many weeds cut with rhe strar*, and retained in
the sheaves. As a result, the stack beated, and the contents
(which included the produce from the Malting Barley experimental
plots), were seriously damaged.

The barley was rhreshed and weighed December 1-5, and
the results are given in Table II.

The unmanured produce averaged 7.4 bushels of corn, witlr
7 cwt. I qr. of straw per acre-minerats alone giving practically
the same, and showing little further bencfit from addiiion of lime
except for an increase in the straw.

Sulphate of Ammonia witiout lime gave no crop to record (2a,
5a, 8a, 8b), but v.here lime was given as well (2aa, 2b, 2bb, 6aa,
5b, 8aa, 8bb), in every case the crop was more or less restored.
Nitrate of soda, on the whole, gave crops rather better t}lan those
from Sulphale of .A.mmonia, but the addition of lime to it (plors
3aa aod 3bb) proved, as in the two previous years, the reverse
of beneficial.

Rape-.ll't<t gave but a small crop compared with far.myard
manure, _wfiich latter produced much r.he highest yield of the
series, viz., 17.6 bushels with 15 cwt. of striw pei acre. The
next highest yield, 12 bushels per acre, was from Sulphate of
Ammonia witi minerals and lime (plot 8aa).

1926. (6011. Seasoa).

Farmyard manure (6 tons, 4 cwt. per acre), was applied April
8th, and ploughed in, Barley (" Plumasc Archer ,,-liioecks oer
acre) being drilled on Apiil grh. Mineral manures a'nd Rioe
dust (364 lbs. per acre) were put on at the same time.
- The 6rst topdr-essings of nitrogenous salts $.ere given, as
for the wheat. on May 27th, the second on June l6th. ih" .l-.
mistakes as in the wheat series being made with Dlots 6. ga. gaa.
9a, and subsequently partially rectiied-

The barley grew distinctly better rhan the wheat. Weeds
were not so troublesome, though both Vicia hirsuta and con_
volvulus were to be seen on the weaker Dlots. The barlev was
cut on,August 24, and oot carted unlil Siptember lgth, bitt did
not suffer nearly as much as the wheat. As the E0 years oeriod
was over, it was decided to fallow this lz.nd also. attlioueh it *:as
not so weedy as the continuous wheat plots.

The harvest results for 1926 are given in Table II.
^ - 

-The crop_generally was light. The unmanured produce was
2.6 bushels of corn with 3 cwt. I qr. of straw Der atre. Mineral
ma-nu.res a_lone gave an increase o4 6.5 bushets'of corn, but the
addition of lime to this shor ed no benefit.
_ The Sulphate of Ammonia plot (2a), which generallv is ouite
bare, now gave 3.5 bushels of corn per acre. The co.resoorriino.
plot (5a), with minerals added, showed the same feature] oivin?l0 bushels of corn per acre, though no lime had been appfied t?
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either. Where lime had been put on additionally (plot 6aa), how.
ever, the produce was increased to 18.? trushels ,if '6artey p6i acre.

Io the case of Nitrate of Soda, the higher amounti,-whether
alore_or- with minerals, produced a coniiderable increase, but
the addition of lime had no further benefit-

As between phosphare ard potash, the comparison of plots
lOa and lla, shows a decided advantage to atte;d the inclusion
ol pgta+. 

-F11ryya1d 
manure (plor tlb) gave the highest crop

of all, vi2.,24.6 bushels of corn per acre, it being greatly superior
to the rape dust plot (lob) which, however, yielded ihis 

-year
better than usual.

The quality of grain was fair for the season, with the tail
coro somewhat higher tlran usual.

3- Rotarion Et peimenls.
The Unexhausted Manure Value of Cake and Corn (Stackyard

Field).
(o) Series C.

7925. Wheat.
After tie clover ley of 1924 had been oloue.hed in-

" Yeoman " wheat, at thC rate of I0 pecks per acri, w-as driled
on, Nov. 4-5, 1924. lr came up vell, ani, thoulh it looked
inferior to the wheat on the green-manuriig pl6ts (Seiies A), after
April it became distinctly superior; the ,, iaie ,, plots, moreover.
were darker-coloured and seemed much better than the corresoond_
ing " corn " plots. The crop was cut August gth. loth.'llth.
carted_ and stacked August l7th, and threshed and weighed
December lst-5th, The results were as follows:-

TABLE III.
Rotation Experiments-Series C (Stackyard Field), 1928. Wheat

after Clover. Produce per Acre,'

I Cord-fed Plot ---
2 I Cake-fed Plot ...

204
225

00.2
00.2

21.C
Tons cns. q6. lb.

I I I r 11
lrtz14

T}e,weighings did not bear oul the appearances noted durine-
growth, for lhere were only 1,2 bushels moi" co.., and 2 cwl. 1 orl
more straw per acre on the ., cake " fed plot than on the ,,corn ,,
ooe.. At the same t;me the yields were rnuch higher than with ihe
contrnuolls -wheat plots and thq greeo-manu.e plots on the samefield. It will be noted that the tail corn was much higher than
usoal-

- This wheat crop concluded the four-course rotation besun
wrth.swedes_ in 1922 and, as this rotation has been carried"on
practically since the commencemeot in lg76, it will t. 

"""ol""leitto summarise briefly the conclusions to be drawn from the last two
rotations.

TailI W"*ht
Buslets I pei

BBhet
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In the previous rotatioo (beginning 1918), on this particular
area (series C), the growing of clover had been resumed, aod tie
swedcs of 1918 were fed on the land by sheep which consumed, in
the one case, 4 cwt. of corn (barley and oats) per acre, and supply-
ing about 7,25 lbs, of Nitrogen per acre, and in the other case,
4 iwt. of cake (Linseed and Cotton) per acre, supplying about
18 lbs. per acre of Nitrogen. A little clover-chafi was given as
s'ell to all the sheep. Barley, clover and wheat followed as the
crops of 1919, 1920, and 1921.

In the new rotation, beginniDg with 1923 (srvedes), it was
decided to iDcrease the difierence between the Nitrogen applied in
the two cases. Accordingly, the amouots were now iocreased
from 4 cwt. of corn, and of cake, to 16 c{t. per acre of com and
14 cwt. per acre (all that the sheep would eat) of mixed cake.

'fhe corresponding nitrogen figures were, corn plot, 29.25 lb-,
and cake plot, 67 lb. per acre.

In Table IV- are given the results in either rotation. It $ill
be remembered that in each case when swedes were grown
(1918-1922), the amount of roots fed on the land by the sheep was
the same on the corn-fed and cake-fed plots, the quantity so fed
being supplemented-when necessary-by mangels, and the same
amount of clover-chafi given to the two lots.

TABLE IV. ROTATION EXPERIMENTS.
(a) l9l&-1921. REsuLrs PER ACRE.

4 c\at. per acrc Corn (7'25lbs. Nitroter per acre), or 4 cl[t. Per ac.e. Cake
(l8lb6. Nitrcgeu per acre) fed with the root-croP.

Com-fed Plot
Cake-fed Plot

'l I ebout
Jl n t"* 17.4

18.2

ToG crl.. qc. lb,
2ta22t
2 t6 2 tt

1920
R€d Clov.r H.y

I 1v2l

I r,*".1 s7.4J sr.z
I

(D) 1922-1025. REsuLrs.PER ACRE'

16 cwt. per acre Com (29'261b6. Nitrogen per acre), or 14 c\it. Per acre Cake- (671b6. Nitrcgen per aclc) Jed with the loot-crop,

l92t
clov6 (Mired) s.y

1S25

Com-ted Plot
Cake-{ed Plot

ril2. 1923

Totrs nE. qrs. lb.
118222
I 17 0 lrsmall

crop
t4.2
16.2

21.6
25.4

results equal to cake-feeding.
Even on the first crop (Barley) immediately succeeding the

feeding of the roots, there ulas no significant difierence in favour
of the cake-feeding.

The whole subject is a very perplexing one, requiring much
further study, as the result has been obtained so often that its
accuracy c:ur hardly be doubted.

The results show that in both rotations, corn-feeding gave

| ,n," 19t9.

::: )l
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1926. Roots-

The root crop (Swedes) began a new rotation in 1926, the
intention being to use the increased amounts of food, first adopted
io 1922, rvhen leeding off the roots. 'l'his was in order, before
coming to a definite conclusion, to test once more the seemingly
abnormal results recorded in the last rotation.

The land altcr preparation for srvedes was sown on June 16th
rvith " Up to date " Swede seed at the rate of 3 lbs. per acre.
Three c\!t. of mineral Superphosphate and I ctvt. of Sulphate of
Potash rvere given per acre, June 16th and 17th, and on August
10th a top-dressing of I c$'t. per acre Nitrate of Soda,

Quite a good plant was obtained, but the svedes were sown
too late, planted too lr,ide, and singlcd too late to give a really
good crop even for this land, to which, because of its distance from
the farm buiidings, no dung can be carted out.

It rvas, however, a very even plant all over, and the roots
were sound.

The yields were :-
Tons Cwt.

Plot l. Corn-fed plot ... 13 18 per acre
Plot 2. Cake-fed plot ... ... l3 0 ,,

Feeding-ofi the roots on the land u,'ith sheep (70) began on
December 31s1, and barley will follow.

(b) Series D.
1926. Suedes.

After the close of the last rotatioo (wheat, lg24), the land
was ploughed and prepared, as far as possible, for swedes. As
already explained, the land set into large hard blocks uoder the
influence of the June drought. Nothing could be done with the
land until rain carne on July 20th, t-heo the area rvas prepared,
and swede seed was ultimately drilled on July 24th 25th, at the
rate of 5 lbs. per acre. Quite a good plant came up, but the
late-sowing prevented any chance of the roots attaining any size,
and, with the early frosts of October, groMh ceased, and there
was nothing to do but to run sheep over tbe land to eat the
roots. Portions rrere weighed and gave:-

Swedes per Acre.
Tons cwt. qrs. lb.

... 1 I 2 8Corn-fed plot
Cake-fed plot I 8 2 7'fhe whole crop was fed ofi by sheep towards the end of Janu-

ary, 1926, the land then ploughed and got readv for Barley.

7926. Ba ey.
The failure of swedes in 1925 prevented the usual feeding

of the root crop with cake and corn, so that the barley crop of 1926
was practically unaffected by any manurial difference between
corn-feeding and cake-feeding. Nluch the same happened in lg2l,
hence this area has not had corn or cake-feeding since 1916. This
fact must be remembered when comparing C- and D.

" Plumage Archer " barley, at the rate of 12 pecks per acre,
was drilled, March 29th-30th, 1926, a manuring of 3 cwt. Super-
phosphate, { cwt. Sulphate of Potash, and I cst. SulphatC of
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Ammonia being given at the same time. A good plant was ob-

tained, and on May 27th, mixed clovers (red clover 7 lb.' alsike
3 lb., and trefoil 3 lb. per acre) were sown in the barley.

A capital and level crop of barley rtras growo; this was cut
August 93rd, aod carted August 28th, in good condition. The

harvest results were :-

4. Grcet'monuilg Erqeiirnents.

(o) STAcKYARD Frrt-p. Series A.

UP?et HoU.

1926.

After the green crops-Tares and Mustard (both quite good

crops)----of 1924 had been fed ofi by sheep, which received also

3 cwt. per acre of cake (linseed cake and cotton cake), they were
ploughed up, and on November 6th, l0 Pecks Per acre of

" Yeoman " wheat were drilled over tbe two-acre area.

The wheat came up well, and during the winter the Tares
plot looked rather the better of the two. The soil of the Mustard
plot seemed looser in texture; on the other hand, there was more

weed on the Tares plot. In April, 1925, the wheat on these green-

manuring plots was decidedly the best on the whole farm. From
May onwards, the crops, however, fell back, and in June were

distinctly inferior to the v/heat on adioining land in the same field

(Rotation Experiment, Series C). By the end of June both crops
(after Tares or after Mustard) were very Poor aod so continued

until harvest time. The wheat vras cut on August 10th, carted
and stacked on -{ugust 17th, and threshed and weighed, December
1st-4th.

The results are given in Table V. It will be remembered that
one half of each of the acre Plots (upper half of field) had been

limed in autumn, 1923.

TABLE V.

Green-manuring Experiment. Stackyard Field. Series A
(upper half). 1925. Wheat after Green Crops fed ofi with Cake:-

Produce Pet Acrc.

The difierences betrveen the two plots are not significaot'

Com-Ied Plot ... 2d { 54 3
Cake-fed Plot ... I 28.0 53'4
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Produce per -4cre.

Tail

5.4
6.4

I

3
4

After Tares Ied ofi
AJter Tares fed ofi,

1923
Arter Mustz.rd led ofi
AJter Mustard Ied off, li&ed

t923

- 
,t, lt

il 58.7 2t- 8l
5S-2
59.7

59.0

lb.
4

2t
24

62
42
40

22

22

, lhe grogs were very poor, averaging 6,4 bushels per acre
only lor rl)e Tares plot and 6.2 bushels foithe Mustard piot. This
slight advantage to the Tarcs was increased in the ca^se of thestraw. The iiming of the land, however. exercised no benefit
and seems to ofier-no solution of the problem. irr."" ii-Jri"ii
were, however, to sume extent damiged by hares,

__-_ -{lol-g with the above results might be taken those of the
\V}rcat (Series C) grown in Rotation (iee Table IV.) in the same
field, only a short distance off, and'wLere wheat'had followed
clover made into hay (1924) and carted ofi rhe land. Uo to Mav.
1925, these ..ops -h.b 

looked decidedly infe.io. to ,t";;;,":
manure set, but now, at harvest, they yielded. on the avlrage-2i.2 bushels of corn wilh I ton 2| iwi. of siraw per acre, 

-as
against 6 bushels of corn and 6 cwt.-of straw p.. 

"cr6 
only oo the

green-manure plots.

_ Tha_t the growing of really goc,d crops of Tares and Mustard
and feeding off lhese on the iand with il cwt. per acre of cake-
should have resulted in the production of only 6'bushels of wheai
per acre, whilst wheat after clover removed aj hay gave 25 busbels
per_acre on similar land, is at present inexplicable] but reoetition
ot the experiment year after year has conErmed the fact. Further-
there is the invariable observation that the wheat crop looks exi
qel]3nt lSht through to early summer, and t-hen uniccountably
drops ott.

1926.
The whear stubble was ploughed in September, 1926, and it

was noticeable that there uras more weed-mostly thistles_on the
Tares porlion than on the llustard, The larid was pl"rgh;
rathel deeper than usual.

On April 10th, Tares were drilled at the rate of 2 bushels oer
acre,_ 3-cwt.- Superphosphate and I cwt. Sulphare of pot"it I".acre being given to them and also to rhe Musiard tand. A;;iJ
lent crop of Tares was grown. Mustard u?s sown ", lrr" difr l,the rate of 20 lbs. per acret and this, too, came r.erv-well. The
green crops were ready to feed off towards the end of lulv- and
sheep and lambs were put on them, beginning on Iulv 50tir'wirhthe Mustard. When this was 6nished, the -sheep- pissed on tothe Tares. Belween Juty B0th and -{ugust f Ott, if,l" "lr"ri"jon each acre plot, 3 cwt. cake (half Linseed, half Cottoo). Theland was ploughed after the sheep, and wheat sown,
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Lower Half.
1926.

After removal of the wheat crop of 1924, lime, at the rate
of 2 toqs per acre, was spread on the 2 acres that were to
be put into green-crops for 1925- This was done on October
Sth;1924, and the land ploughed and got ready. Tares, at the
rate of 2 bushels per acre, were drilled on April 24th, 192i,
and Mustard-20 lbs. per acre-on June 4th. Owing to the
drought, the crops had a very hard time of it, but came up and
held out better perhaps than could have been expected, the Tares
being much the superior crop. The Mustard plot was then partly
re-seeded in the hope of getting a crop sufficient to feed off.
Ultimately 12 ewes and 100 lambs v.ere put on early in September,
and they fed off, 6rst the Mustard, and then the Tares. On the
Tares plot it was found possible to consume the requisite amount
of cake-3 cwt. per acre (Linseed and Cotton cake mixed), but
on the Mustard plot the full amount could not be consumed and
the balance (after deduction for live-werght increase) was spread
on the land in the form of meal, (96 lb. half linseed, half cottoo
cake, was so spread). The land was then ploughed and put
into wheat.

1926.

On October l5th, " Yeoman " wheat-lZ pecks per acre-
was drilled. The wheat came up rvell, 'ooth after Tares and after
Mustard. Then, as usual, from June onwards, a progressive
failure set in. It r*ras noticed that the $/heat fell ofi unaccount-
ably after the floweriog stage; up to then it had been quite good.
The wheat was cut on August 24th, and carted September 13th.
The harvest results are given in Table VI.

TABLE VI.
Green-manuting Experinent- Stachyotd Field,-Series A (lotoer

holf) 1926. Wheat oftet grcea crops led olf aith coke.

Prod-uce Per Acte-

829

627

lb.
66

80
40

4.5

4.1

I
2

3
4

Alter Tares fed ofi
Alter Tares fed ofi, limed

1924

Tail

54.1
56.2

56.7 i 30 4 0 lt
After Mustatd led oS
After Mustard led

limed 1924

The plots gave, as will be seen, very miserable crops.
The follorving table shows the low yields of corn for the last

I After Tarcs lcd ofi ..-

1923

80
5.6

] r.. 1925 19?6

{.6
2.8

I 6.9
7.5

7.3
9.1

6.4
5,7 L2 I AJter Mustard {ed ofi

I

fivc seasons.

JI
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(b) Lervsour Frno.
1926.

, On these plots, which had been limed in autumn, 1928, wheat
followed. the green crops of 1924, which, as usual, had been
ploughed in. " Yeoman " wheat-at the rate of li pecks per
acre-was drilled on October 28th, 1924, The plant, 

-however,

was a very uneven one, owing to tlte adverse weather conditions.
In January, 1925, the plant $,as so reduced in places that re-
sowing had to be resorted to.

Subsequently the crops recovered to some extent as the
ground got drier, trut the drought of June and July caused them
to go back and to favour the growth of a quanfity of weed-
maioly may-weed. As a consequeoce, the crops nev;r attained to
any evenness, and the results recordcd were obtained in most cases
by weighing a portion only of each plot. The limed halves suffered
so badly that the returns are not included.

Ultimately the $rheat was cut Aug.ust 6th-?tb, carted and
stacked August l?th, and threshed and weighed December lst-
4th. The produce is given in'fable VII.

TABLE VII.
Green-mantring Exferintent. Lansone Field, lg2b. Wheot ottzr

Green Crops plotghed in.

Here, as in former years, and also as io Stackvard Field. the
yieJds were unaccountably srnall, and that no larler 

".or" 
'th.o

these should follow the pioughing-in of iwo success"ive gr"a^na.opa
ln Lhe prevrous year potnts to l.he existence of some disturbing
factor, such as has been suspected in the case of Stackvard Fieldl
Owing to the uneven crop, no fair comparison between Mustard
and Tares can be made. The average of all plots was 4.9 trushels
per acre_ only, as against 6.8 bushels in lg23-the last corn year
on this land.

1926. .

. .The plots were ploughed after the wheat crop of 1925, and onApril l3th, 1926, Tares were sown at the rate of 2 busirels oe.
acre, 3 crvt. of Superphosphate and I cwt. ot Sulphate of potish
per acre being given at the same time to both th; Tares and the
Mustard land.

Produce ?er Acte.

Tail

ord lT

\dv I
Plors .l

t

I AJter Mustard ploughed iq
2 AJter Tares ploughed iq...
3 Alter Mustard ploughed in
4 After Tares ploughed in...
5 Coqtrol (oo green crop) ...

6.9
4.5
4.8
4.5
4.0

I'u.
596
59.0
59.0
59.5
59.5

t7
l2
19
l6

r3 0 16l1 120
13 r 4rl 3 4t3 224
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The Tares came up quite w-ell, and on June 7th, Mustard was
sown, and this, too, came up well. A good deal of weed, howwer-
mostiv mat-weed- appeared on lhese plols, chiefly on tlle Tares
area.' Thi g.een c.ops were ploughed in, July 20th- 24th, 

-and
second crops-sown on August l8th, which again were ploughed in,
October 15th-15th, the land being then got ready for wheat.

SLpplementaly Experiment ofl the plzu ghing'in ol Mustard.

In the autumn of 1924, although the season was late, it v/as
decided to compare Oats grown after a r:rop of Mustard ploughed-
in as against the same wiihout a greeo crop. Four plots of I acre
each lvere set out on lload Piece field. Mustard was sown oo
August 19th, 1924, or two plots, and the crop was plougled in,
Ociober 2nd,3rd, 4th, grev Winter Oats being sown on October
24th, at the rate of 4 bushels per acre, over the whole four plots.
The Oats came up very well, but suffered much from the subse-
quent drought. Owing to unfavourable weather, although the
Oats rvere Cut on July 15th, it was not possible to cart ard stack
them until August l7th, and they suffered much tbrough the
delay, ultimately giving, on threshing, but poor returns. The
resuil s suggesL i small benefit attachiog to the ploughing-in of the
green crop. The produce was:-

Oats with or luithout preoious grcen-cro|-
1925. Road Piece.

-,1 Tail

I
2l
3l
4

IUustard ploughed in
Control (ao greer crop)
Mustard ploughed in
Coqtlol (no greeE crop)

10.4
9.9

10.7
8.9

lb.
40.1
39.8
40.0
40.2

lb.
20
I4
l7
22

15
12
l4
ll

2 18
3 t6
0 16

5. The Relatiae Values o! Line and Cholk lor Linting Purposes.
Stacbyard Field.-Series B- I92l Sroedes. 1925 Boiey. L926
Seeds.

1925.

The sheep began feeding the swedes on the land on February
25th. 19'..15, and went on until .April 5th. They had about I lb.
per head daily o[ mixed cake (half Linseed, half Cotton) given to
ihem, the sarire amount being fed on each plot, and the total con-
sumed during the period being 11 cvt. of mixed cake per acre.

When rhe su,edes rvere finished, the land was ploughed and
sown, April 17th-18th, with " Plumage Archer " Barley, at the
rate of 12 pecks per acre.

It was very noticeable that the land after the sheep-feeding
was in much superior condition to that of the continuous barley
plots adjacent, and a much better barley crop resulted. " Sccds "
(mixed grasses and clovers) were drilled in the barley on May
19th. At a later period (September 9th), after removal of the

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-1-84 pp 109

108

TABI-E VIII.
Lime and. Challz Erperiment-Stackyard. Field-Series B.
Prcduce ol Suedes, 1924, ol Barley,lg25, and ol Hay,1926.

Ptoduce per Acre.

a

30 o !t + o o o e N oo o (o
-ait6itiN- ii c.l
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,i;
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!t, o
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barley crops, more "seeds" were spread over the surface and harrowed
iu, as the plant had suffered a good deal during the drought. The
re-seeding appeared to have been folloq'ed with success.

Meantirne, the Barley stood the drought better than most
of the other barley crops, and was ultimately cut August l4th,
carted and stacked -q.ugust l8th, and threshed and weighed
December lst-6th. The results-along with those of the
swede crop of 1924 and the hal.. crop of 1926 are recorded in
Table VIII.

The Swede crop of 1924 was considerably injured by " fly "
and the results are, iherefore, not strictly comparable.

Omitting plots I and 2, the " chalk " plots gave an average
of 7 tons 18 cnt. 2 qrs. tI lb. per acre, and the " iime "
plots, 7 tons 14 c&,t. 2 qrs. 11 Ib. per acre. The increase
over the uolimed plots was a marked one.

The Barley crop of 1925 was much superior to thal of the
continuous barley series; the highest yield in the latter was 17.6
bushels per acre (farmyard manure), v.hile the general average
of these limed plots was 23.6 bushels of corn per acre. The

plots averaged 24.1 bushels o{ corn per acre, and the
" lime " plots 23.1 bushels. 'fhe superiority of the " lime "
plots shown with the Oat crop of ]923-amounting to nearly
4 bushels per acre-was thus not maintaioed, the " chalk "
series now giving, on the average, I bushel more per acre.
Again, while rvith the chalk there was something like a pro-
gressive increase as more chalk was used, this was not the case
with the " lime " series. The increase over the uolimed (plot 7)
produce wast on the average, 4.1 bushels of corn per acre with
" chalk," and 3.1 bushels {-ith " lime." On the other hand,
the " lime " series gave nearly 2 cwt. more straw per acre thal
the " chalk. "

As previously noticed, spurry gre.v freely on the unlimed
portions, but was absent elsewhere.

1926.
The " seeds " sown in the Barley crop of lg25 stood the

winter quite t'el[, but later on in spnng appeared rather thin.
They made a fresh start, however, in June, and promised quite
a fair crop of hay. This was cut on July t9th, and carted
July 31st, The results are given in Table VIII.

Puttiflg the plots of each series together, we have an ever-
age of I ton i7 cwt. I qr. 14 lb. per acre for the Chalk plots,
and 1 ton 16 cwt. 2 qrs. 11 lb, for the Lime plots. There
was not, however, any regularity in the results, and nothing.
to indicate that the crop was increased as the lime was in-
creased. Again, as between chalk and lime, the disparity
between the two unlimed plots prevented any fair deductions
being drawn.

6- Inoculation of Lucerne Stachyard Field-Series B.
1925-L926.

One half (2 acres) of Series B in Stackyard Field q'as
devoted to this trial, eleveo plots, sown alternately with inocu-
lated seed and seed not inoculated, being set out.
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The seed was Provence Lucerne, and was drilled on June
3rd, at the rate of 20 lb. per acre.

The drought that ensued alrd continued to the middle of
July proved a most unfortunate starti.g point for the experi-
ment. Still, the lucerne managed to struggle through, and,
despite the pleotiful crop of groundseJ, a gro\r'th of lucerne
appeared on all the plots and maiotained itself during the
following winter.

Improvement followed on hand-picking in autumn, 1925,
and horse-hoeing in February, 1926. In practically every case
the inoculated plots w-ere better; the experiment did not recover
from the difficulties experienced at sowing time, aad, ultimately,
it was decided to cut and weigh the crop and then plough the
plots up, restarting the experiment h 1927 on another field.'fhe Lucerne 1r'as cut September l8th, carted September 22nd,
and weighed September 28th- The weights as hay were:-

l2 I 1.1

13 3 0
14 12t
l3 0 7
12rt4

2
4
6
8

10

crvl- qE. lb.... 8 r 0
.-. 12 I 14
... lr 2 2t
... lr 2 2l
.-. t2 I 14

I
3
5

I
Total ... l14 Total ... ... 66

Average per Acre ll 022

7. Manuring and Liming ol Gtass l-onil-Broal. MeaA-1925.

These experiments were divtded rnto three series:-
(a) Manurial Experiments.
(b) Experiments on Varieties of Lime.
(c) Experiments on Fornls of Lime.
It was decided to renew the diferent applications in the

winter of 1924, and, at the same time, as the position of the
plots in series (c) was not altogether satisfactory {beiog along-
side a hedge where the cattle generally lay), this series was
removed to another part of the same field, and fresh plots, but
similarly treated as before, were laid out.

The applications were all put on early in December, 1924
with the exception of Farmyard manurc (12 tons per acre), io
series (o), which was applied on February 18th, 1925. Plot 5 of
series (a) had 2 tons per acre of lime renewed, but no further
minerals-

The whole 6eld was grazed with cattle, receiving a little cake,
from October llth, 1924, to April Ist, 1925, when the stock were
removed and the grass was allowed to go for hay. The hay was
cut June 29th-30th, and gathered in excellent condition July
2nd-4th, beiog then stacked.

(a) Manurial Experiments-Commenced lg0l-Manures
appted 1901, 1904, 1906, i909, 1913, 1920, L924.

Average per Acre 13
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The results

Basic Slat l0 cFt., Kainit 3 cwt.
Superphdphate C c*t., S/Potash I ciit. ::.
Basic Slag l0 cwt., S/Potash I cs.t. ...
No Matrure
Lime 2 toqs
Fareyard Manure 12 tons

lll

PrcCue oI tlay p.r Acre

The highest weights of bay were yielded by the Farmyard
manure plot and that treated with Basic Slag aod Kainit, the next
highest yield being that from the unmanured plot. But the weights
of hay were no measure of the relative excellence of the ind;-
vidual plots. Indeed, almost the precise opposite might well be
urged, for, while plots I aod 6 v.ere incomparably the roughest,
and plot 4 not much better, the appearances of plots 2, 3, and 5
were immeasurably beller, lhese being closely grazed by the
cattle and looking-more especially the Iime plot (5)-far more
like a good pasture. It had been noticed particularly that the lime
plot retaioed, throughout the season, a fresh and bright appear-
ance that marked it from all the others; the cattle rvere more on
it than on the other plots, and rvhen they were taken ofi, one could
almost draw the outlines of this plot from the daisies that were
on it.

Series (b) Varieties of Lime.
Series (c) Forms of Lime.

r926.
The analyses of the different materials used in these series

were as follows :-

Oxide oJ Iron and Alumirla...
Lime (CaO) ... ...
Magnesia
Carbonic Acid, etc. ... ...
Silica...

.29
03.64

2.91
316

t.57
92.46

1.74
423

4.65
47.94
29 14
t4.8I
3.46

10.50
56.94

2.00
s.36

2r-20

100 00 100 00 r00.00 100.00

Oxide of Iron and Alumila ...
Lirne (CaO) ... ...
Magnesia
Carbotric Acid
Silice.,.

4.36
87.08

599

.89
92.50

2.21
4.25

.70
.53.34

12.42
3.45

.89

153.66

42.7A
2.47

100.00 100 00 100.00 t00.00

' Equal to Carbonate of Lime, 95.26. i Equal to Carbonate of Lime, 95.85.

I
2
3
.1

6

-I@3 *t. qs. lb,t9l0
010016
0 17 0 0
0 l8 2 0
0t300
11400
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In the case of (b) the experiments began in 1910, when the
lime applications-! tons per acre in cach case-were given, these
being repeated in February, 1916, and in December, 1924.

In (c) the plots, as stated, \uere new ones, aod the applications
were now applied for the first time.

The u-eights of ha\' \rere:-

Series (D) I
2
3
4
5
6

Scries (r) r
2

4
5

Derb,'shire Line,
Chalk Lime,
Magresiao Li.me,
No Lime
Lias Lime
Oolite LiEe,
Lump Lime,
Ground Lime,

,\ppuetiJls !€r -{s€ I "'oou- "t 
,." *' ^*.

ToEs cE'ts. qE. lb.
l3t0
0 l7 0 0
0 18 3 0
0 l8 2 0
0 l9 0 0
1000
0 18 3 0
0 l8 0 0
1000
0 t9 0 0
0 18 0 t6

2 tons

No Lime...
Ground Limestone, 4 tons
Ground ChalL,

Series (b).

These plots had not the general coarseness of series (o) un-
limed plots, but, again, the weights of hay were not indicative of
the true bene6t, for, while all the limed plots 1vere, in appearance,
better than the unlimed one, the best looking was plot 2--chalk
lime-then the Derbyshire lime (plot l), with Magnesian lime
(plot 3) inferior to either the Lias or Oolite lime, between which
latter two there was little to choose.
Series (c).

In these plots the applications had been too recently made to
expect any marked result.

In 1926, the experimental plots in this field s.ere all fed by
bullocks-

8- Phosphotic lltlanu,res on , Seeds " Hay.

An experimenl rvas tried rn 1924 to test the relative efiect of
different phosphatic materials on "seeds " cut as hay, and was
repeated in 1925. A clover and grass mixture was laid down in
Barley on [Iay 14th. 1923. The phosphates used were MiDeral
Srrperphosphate, Basic SIag, North African Phosphate, and
Steamed Bone Flour, and these were applied on Nor.ember 30th,
1923, to give, in each case, the same amount of phosphoric acid
(75 Ib. per acre). The plots were half-acre ones, and the actual
quantities given r.ere :-Superphosphate 292 lb.; Basic Slag
223 lb.; North .A,frican Phosphate I25 lb. ; Steamed Bone Flour
132 lb. per half-acre plot. The " seeds " grew rvell and were
cut for hay, the first crop the first week in Juty, the second at the
end of September, 1924.

The " seeds " were kept dor*n for the following year, when
one crop of hay was taken, this being cut on June l6th and carted
June 21st, 1926. The results for tie two years were as follows:-
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Produce ol Ha! per Acre.

Contml ...
Basic Slag
Superphospha.te ...
Sleamed BoncFlon!
N. Afdcan

i2 5l O

lz szrc
13 i2 0lzrsr +

Phosphate 1214 I 16
I

l0t 0
I l3 8
I 02 6
t l0 0

r 02 0

113

Phosphatic llanares on " Seeds " Hay-Butt Close-1924 & 1925.

I
2

1

r l9 2 0 514 l16

5 23 0
5to324
6 42 6
5ta2 4

I 17 I 0
r192 0
r r8 2 0
I 18 I 0

In all cases the phosphatic application did good- In the first
year the best return came from the most active form-super-
phosphate-the next best from steamed boqe-flour- In the second
year all the plots gave approximately equal yields, so that.over
the two years, the best return came from superphosphate, followed
by steamed bone-flour.

9. Leucite and Sulphate ol Potash con Pored-on " Seed,s " Hay
and, Pasture.

(a) Butt Close (" seeds " hay)-1924 and 1925.
(b) Broad Mead (pasture)-1925.

Work previously done at Woburn on 'Wheat, Mangels, and
Potatoes, as well as in the Pot-culture e),periments, had indicated
that the nev/ form of potash supply-Leucite----containing its potash
in a less soluble form, was, potash for potash, little inferior to
Sulphate of Potash. It was decided now to try it on " seeds "
hay and on pasture. The Leucite contained 16.2 per cent. of
Potash, soluble 16 llarge extent in dilute hydrochloric acid; 3 cwt.
of the Leucite contained as much total potash (KrO) as I fi!1. of
Sulphate of Potash.

The experiment with " seeds " hay was in Butt Close, a seid
mixture being put down in the barley crop of 1923. Leucite and
Sulphate of Potash were applied on April 24th, 1924. Two crops
of hay were taken in 1924 and one in 1925.

The experiment or pasture was in Broad Mead, the applica-
tions being given in April, 1924, and the one hay crop of 1925
weighed.

The resulls were as follows :-
Protluce of Hay front (a) " seed-s "-Bntt Close-192+ ond 7925.
Prod ce ol Hay lrorn (b\ pasture-Brccd, l{eail-1925.

" Seeds " Hav-

1924 1921 1925

I
2
3

I-€ucite 5 c$t.'
Sulphate of Potash ll cwt.
Control

T. C. qE- lb.
2020
2 0_o o

T. C. qG. lb.r.+10
t 3_2 t4

tt9 2 0
116 0 0

54lo
4 19 _2 t4

I. C. q6. lb.
01900
o 19 216
o1820

* Being equivalent eou.ts of (,o.

ll)li)

H

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-1-84 pp 115

11+

The differences between the two materials were not very
marked; in the " seeds " hay the Leucite u,?s rather more effective,
but in the pasture land in Ig25 the Sulphate of Potash plot, though
hardly yielding more hay, was undoubtedly the nicer pasture and
showed more clover.

lO. Potash Salts lor Mtngels and Potatoes,
(o) Mangels-Road Piece-1925.
(D) Potatoes-Great Hill-1925.

These experiments were planned to provide a comparison
between Sulphate of Potash, Muriate of Potash and Kainit.

(o) MeNcer.s-RoAD PEcE.
On Road Piece, where Margels were grown in 1926, thc

seed " Giant Model Windsor " was drilled at the rate of 7 lb. per
acre on May 12th, l3th, the general maouring per acre being
Farmyard manure 9 tons; Superphosphate 3 cwt.; Sulphate of
Ammonia I cwt. Potash Salts were given additionally according
to the plan. 'I wo c&t. per acre of Sulphate of Potash q'as taken
as the standard, and the other salts were used in quantity to supply
as much potash as lhis ga\e. The Sulphate of Ammonia was
given subsequently as a top-dressing, the other artificials being
applied at the time of sowing.

An excellent plant was obtained, and, by dint of careful culti-
vation and constant stirring of the land, a really good crop on this
light land was obtained, despite the prolonged drought. On July
ISth an additional top-dressing of I cwt. per acre of Nitrati oi
Soda was given.

The potash applications iocreased the growth of Ieaf; Sulphate
of Potash gave dark green leaves, while Muriate of Potasi and
Kainit turned these more yellow. The Muriate of Potash seemed
to give the larger bulbs. The crop was lifted October l?tll, and
the Mangels u.ere weighed and pitted by October B0tI.

The respective weights were :-
Potash Manures on Mangels. Road, Piece. 192b.

I
2
3
4

ToG ryls. d6. lb-19 3 2 24
23500
22 ll 3 16
232t24

The results show rhat the potash a,pplications materialy in-
creased the crop, the differences in yield between the three flrms
being within the experimental error.

(b) Por,+rors-GnEAT HrLL,
On Great Hill, potatoes (" Red King ',) were planred, at the

rate of 18 cwt. per acre from May 22nd onwardi, the general
manuring per acre being Farmyard manure 6 tons; Suoirohos-
phate 3 cwt.: Sulphate of Ammonia I cwt.

., "otu.n 
salts, according to the plan set out, and supplying

No Pota-sh
Iluriate oI Potah ... ..:
Sulpbate of Potash ...
Frcnch Kainit ... ...
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the same amount of potash as contained in 2 cwt. of Sulphate of
Potash, were applied May 2lst,22nd. The crop grew well and,
as with the Mangels, in the early periods the potash additions gave
the bigger tops, the Kainit and Muriate giving lighter coloured
tops than the Sulphate.

The potatoes were lifted from October 30th o[wards, early
frosts, however, affected some of the tubers,

The weights were :-
Potash Manures on Potaloes-Grcat Hill-1925.

I
2

4

Water -..
Sugar ...
Fibrc
MircmI Matter

ToG dvts. q6, lb
l0 16 l0
15 4 I 14

12 ll 2 0

l3 I 3 0

Here, as in the Mangel experiment, the addition of potash in
any form produced a marked increase in crop. I\Iuch the best
return (an increase of nearly 4{ toos per acre over no potash) was
obtaioed frorr Muriate of Potash, the Kainit following next, and
giving nearly a ton per acre more than Sulphate of Potash.

11. " Bolting " ol trfangels and Sugar-Beet.

" Bolted " roots were aoalysed and compared with normal

The following analyses were made to measure, with special
reference to Sugar Content, the changes occurring in bolted
aoots:-

e0.27 I

4.80
-74

1.30

90-07

6.20
.60

t.22

15.40

t7.50
.96
.69

t6.50
t.l6

.88

766416 3156Weight oI Roots (washed & trimmed)

POT CULTURE EXPERIMENTS.
1. 'l.he Hills' ExPeriments-

The Influence ol Titanium Conlpounds.
The selected materials s.ere Titanium Oxide (pure) and the

minerals Rutile (titanium oxide) and Ilmenite (Titaniferous iron
ore). These were used in quantities to supply ,05 per cett. and
.10 per cent. of Titanium respectively in the soil (from Stackyard

No Potash

Muriate of Potash ...
Sulphate of Potash ...
French Kainit
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Field), and the applications were made to the whole of the soil
before sowing.

The crop gruwn was wheat, sown <.rn December 14th, 1924.
Because of the poverty of the soil in time, 2 tons per acre was

added and also mineral superphosphate (S cwt. per acre); later on
Uune) a top-dressing of Nitrate of Soda (l$ cwts. per acre) was
given, Each treatment was in duplicate.

No abnormal appearaoces were noted during growth. The
crop was cut on July 25th.

The following Table gives the treatmeot and results :-

Titanium Oide (purc)

Rutile (crude TitaDium
oide)

Iimenite

100

98

98

t06
103

l0l
98

I
2

3

4

5
6

7

9. Ti.

.05

.r0

.05

.10

'05
.10

It will be seen that all the compounds exercised some benefit,
more marked with the Rutile than with the other compounds. At
the same time the larger quantities of Titanium used did not show
any general advantage over the smaller ones. It is probable that
Titanium compounds exercise a slight stimulating effect.

2. Aluminium Cornpoutud,s-lDith dnd, @ithout Potash-on
Wheat.

(a) lsr YEAR, 1923-4.

This experiment was started in 1924 to ascertain whether
the- presence of soluble compounds of aluminium in conjunction
with potash exercises an influence on the acidity of the'soil, or
has some eliect on liberating potash from the soil.

The soil used was that from Stackyard Field, one very deficient
in Lime, and also poor in Potash.

The compounds of aluminium tried were the sulphate, the
chl<.rride, the oxide, and the silicate, each of these beiog used at
the rate of 2 crrt. per acre with the exception of the silicate, of
which 5-cwt. per acre was given. Two srrch sets were put up, one
beiog given no potash, aod the other being supplied ;ith i cwt-
per acre of sulphate of potash. The materials were mixed with
the whole of the soil in each pot, and wheat was sown on Decem-
ber l7lh. '1923, Until l\Iarch, 1924, no differences were noted, but.
subsequently, the potash set appeared superior. Tovrards tle
end of July the oxide and the silicate of the potash series stood out
as the best.

19.2
20.8

2r.0

24.4
23.7

22.9

23-4

33.8 I r00
33.3 | r08
33.3 I rr3

36.0 127

34.8 I 123

34.r I 18
330 I t22
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-A.luminium Sulpha.te ...
,\luminium Chloride ...
AlDminnrm Oxide

-\lumiqium Silicate ...
)ao AluminiDm

98

93

100

r08
100

t08
96

104

103

r00

97

r04
132

125

98

39

102

159

l5l
104

The wheat was cut on
resuits recorded were:-

t17

August 18th, and the comparative

The results showed, in the first place, no practical benefit to
follow the use of .\luminium compounds by themselves. When,
however, potash in addition was supplied, increase of crop above
that given by potash alone resulted in the case of the oxide aJld the
silicate of Alumina, io both corn and straw.

(b) 2ND YEAR. 1924-5.

The experiment was carried on for a second year, no further
additions being given, but wheat being sown again (November
20th) after removal of the old stubble and roots.

In June a top-dressing of Nitrate of Soda (1] cwt. per acre)
was given to all the pots.

Agaio the potash set showed a manifest improvement on that
without potash.

The crop was cut July 25th, and the subsequent weighings
showed the following comparative 6gures:-

Aluminium Sulphate
Aluminium Cbloride
Alumidum Oxide
Aluminium Silicate
No AluEiqium

102

rll
lt0
103

r00

98

r03
106

101

100

r04
lt9
128

tt2
t0l

104

t07
112

lt6
tr8

The duplicates, with the exception of the Chloride of Alumin-
ium used with the potash, were in good agreement. Here, as in
the first year, the Potash set was the better, and again a benefit
was shown from the oxide and silicate of Alumina.

Taking the two seasons together, it appears that the oxide and
the silicate, *'hen used in conjunction with potash exercise a
beneficia[ action, though Aluminium compounds by themselves
are of no avail in setting potash free. 'fhe action of the sulphate
and chloride of Aluminium is doubtful,

3. Gteen-manuring Eaferiment.
The experiment of 1923 and 1924 uras repeated in 1925 and

will be continued. The object was to ascertain whether any addi-
tion of lirne or other materials would srrcceed in producing more
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satisfactory corn crops on the land of Stackyard Field and of
Lansome Field, where green-manuring with fares and Mustard
had been carried oo for a number of years, but where the corn
cro_ps 

_ 
following the gree-n crops (whether ted off or ploughed in)

had always been very tnierlor.
Fresh soil was in each case taken from the respective plots

of the two fields, and the .vl.hole contents of a pot were ;ixed
with the several applications given in the accompanying Table,
these being the same as formerly.

\ heat was sown on Novemhet 20th, 1924. During the growth
of the crop lhe effecrs of adding lime were clearly visiSle in leveral
instances, though not as marked as in rhe experiments of lg23 and
1924. Further, it was seen more in the Tares soil than in the
Mustard soil, and more so in Stackyard Field than in Lansome
Field, tholgh the crops of the latter were, on the whole, the
heavier. The wheat was cut on July 25th, and the comparative
yields are sct out in rhe following Table:-

Green-manuring Experinent-'11/heat alter gteen crops, lg2b.

100

120

93

94

160

r00
to2

96
g4

cotu I StE

Wheat tflzr Tares.

Uo{xeated
Lime-2 tons per acre
Superphosphate-3 cr*t. per acrc ...
Sulphate o{ Pota"sh-l cwt. per a.re
Lime, Superphosphate alrd S/Potash

Wtua, dftel Musrald.
Untreated
Lime--2 toas per acre
Superphosphate--3 cwt. per acre ...
Sulphate oI Potash-I cpt. per acre
Lime, Superphosphate and S/Potash

r00
t25
ll2
103

134

r00
136

to7
122

The results \,!-ere not nearly as marked as in the former
experiment; still, the beneficial i-nfluence of lime was clearly seen
in the case of lhe Tares soil on either fielC. though not aooreciablv
so on the Mustard soil of either. It was shoin, howi:irer, rhai
,none of the other applications were likely to do any good rritJlout
lime.

4. The Relattue Volues ol Lime and. Cha z, 192b.
The experiments begun afresh in I92l-and in which, contrary

to earlier practice, phosphates and potash were used additionaJlv--
were continued in 1925, the same soil (from Srackyard Field) with-
out furtler additions being used,'and wheat'being sown on
November 20rh, 1924.

In June, 1925, a top-dressing of Nitrate of Soda (1| cwt. per
acre) ras given to all the pots.

The plant grew very fairly throughout and there was not the
difierence in germinatioo noted with the higher amounts of lime

100

I50
108

96
167

r00
120

78

93

r00

100

r60
130

rl4
llt

r00
116

ll3
107

t05
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and chdk when applied in the 6rst year; the maiked difierences
in growth between the lime series and the chalk series previously
recorded, were also absent,

The wheat was cut on July 26th aod the following comparative
results were recorded, the figures for 1924 being repeated for
convenience of refereuce :-
Lime onil Chalb upon Wheot-Stachyad Field Soil, 1924 and

I925.

1925

."- 
I

Lime (CaO) l0 cEt. per acrc
loo
lt3
136

145

l0E
t?0

94

94
l0l

00

r00
100

r33
167

196
r94

88

7S

94

93

78

72

100

t05
r26
r09
rl3
l2l
llr
lr4
ll6
117

127

t30
137

tl9
tl7
tl6
r23
l3l
lr6
t21
tl8
124

110

,00
ll8

I rsoI ton
2 tons

4.
Chalk-10 c\it. CaO

, : lton
,, : 2tons -

Ground Limestone, I totr Per acre 84

8i2 toDs "

It will be seen that in the second year the increase due to lime
was less than before, rvhile chalk, that showed no effect io the first
year, was not equal in its results to lime. A similar result was
noticed in a corrispondiog set of exPeriments carried on over the
4 years l9l9-22 (see report ot 1922' p, 72).- 

Further, it would ippear that ground limestone-which had
shown no benefit at all the first year-was now beginning to come
into action, it giving the highest r€sults of all.

This exper-imeni will bJcontioued.

5. Mognesia and ltlognesium Cotbonate on Wheot, 1926.

This series, also started afresh in 192{ on Stackyard Field
soil and with addition of phosphate and potash, was continued in
1925, the same soil, without further additions, being used and
wheat beiog sown oD November 20th.

This y&r only the two highest amounts of magaesia (3 and- 4
tons per acre) affeated the plant or reduced the produce. A partial
explanation is that in the first year the magnesia applications
were given to the lop 6 inches of soil only, whereas the soil was
turned out and mixed before the second crop was sown. Magnesium
carbooate in the higher amounts of 3 tons and 4 tons Per acre
seemed also to exert some toxic effect.

A top-dressing of Nitrate of Soda (I| cwt. per acre) was given
to all the pots in June, 1996.

I rseal-^1"*'
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The wheat was cut on July 26th, and the comparative results
are recorded, along with those of 1924, io tbe followiog Table:-

Mogtesit ond Mogaesium Carbonate upon Wheot-stukyard
Fielil Soil, 192L and 1925.

No l[agesia ...
Magnes:e (Mpy lo;. pe;;rc ::: :::

I toD
2 totrs
3.
1"

lL8lrcsiuE CerboDate: I0 crt. MgO

r00
122
l0{
133
90
32.4

:3.

t25
ll4

17
53
55

r07
s7

Ctound Mag{esiar Limestotre :
I ton per acre

,, 2 tons

The more potent action of Magnesia over Magnesium car-
bonate, both in improving the crop when used in small amount,
and in injuring it when used in large amounts, is well brought out
this second year.

Similarly, 10 cwt. of [Iagnesium carbooate per acre. gave quite
a marked increase, one shared to lesser extent with I ion and 2
tons, but, as with Magnesia, failure came with the 3 tons and 4
tons applications. This, however, had not been the case in 1924.

The results as regards ground l{agnesian limestone are some-
what -uncertain owing to irregularities of the duplicates. As yet
no injurious efiects have shown.

These experiments, which are quite in line with those of
former years, will be continued.

100
185,:

t48
r9t
20t
226
t9t

108
t08

100 100
t89 r 83
216 152

I55

-l u.,

158 l{7
199 ll9
230 I rr3
240 13.4

108 138 or08 r3ro
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THE USE OF THE STANDARD ERROR
IN FIELD EXPERIMENTS.

_ With the present report the departure is made of giving in
the summaries of the results of replicated experiments a-stanJard
error. by which the-precision of the resultj may be judged; a
praclice which, originating in aslronomy, has for severa'i vears
been applied in various ways in scieniific agriculture. bui not
hitherto in rhe Rothamsted reports. This caution has in fact beenjustified by -recent investigations in statistical theory, which shpw
that only when special precautions are taken in the design of the
experiment can we be certain that the estimate of erior made
represents with validity the actual errors to which the results
are exposed.- Systematic methods of arrangement, into which
no element of chance is admitted, are in fact iiable to components
of real .error which fi-nd no place in the estimate, and it is only
where the relalive position of the individual treatments are delibei_
ately assigned by appropriate chance operations, that the standard
error as estimated can claim to represent the experimental errors
actually pres€nt. All the replicated experimentJ of 1996 and all
but a few in 1C25 conform to this condition: for the sake of
comparison estimates have been made for some of the lg2d experi-
menrs which do not admit of strictly \alid estimation. the un-
certainly arising from this cause being noted in each cise,

The statistical procedure by which the standard errors have
been obtained is jn all cases tiat known as the Analvsis of
Variance. In this method the rvhole of the variation e*hifited
by the experimental yields is divided into the parts appropriate to
the different components of which it is compoied; in-coniequence
it is possible to be sure that differences in yield due to causes,
such as the diffe.ent fertility of different blocks of land, which
have no influence on the experimeotal comparisons, have been
completely separated from that portion of the variatioo which is
ascribable solely to experimental error.

Of the two measures of error in common use, the ,. probable
error " and the " standard error," the latter has been idopted,
as the more readily calculated and io other ways the more-con-
formable to modern practice. The probable error is in fact ob-
tained from the standard error merely by multiplying by a constant
factor, 0.6745, or approximately 213. 'fhe itandaid error is
therefore the larger measure, but in respect of all considerations
arising out of the theory of estimatioo the two measures are on
precisely the same footing.

The practical use of the standard error is to discriminate
between cases in which a particular difference in yield can be
reasonably set aside as accidental, and cases in which such an
explanation requires that an improbable coincidence shoutd be
postulated, and in which therefore we have a sound basis for
interpreting the difierence as a real response to the treatments
applied. As a working rule difierences between treatments ex-
ceeding three times the standard error may be accepted as signifi-
cant. Full and precise tests of significance have, however, been
applied to all tables.
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CROP YIELDS ON THE EXPERIMENTAL PLOTS.
NorEs.- In each case the -vear refers to the barvest, s-9 , Wheat harvested in 1926

In the tables, total stra\\'includes straN, cavjngs aDd chaff.

CROPS GROWN IN ROTATION. AGDELL FIELD.
PRODUCE PER ACRE.

CONVERSION TABLE.

I acre
1 brshcl (tmperial)
r lb. (pound avoirdupois):

1 cwt. (bundredweight):

t metricquintal ...

I bushel per acre
I lb. per acre ... -
I cwt. per acre ... :

0.963 Feddan.
o r84 Ardeb-
1.0O9 Rods.

I113.0 Rotls.
i r-366 Maunds.

0.191 Ardebper
1.o49 Rotls per

117.4 Rotls per

0.405 Hectare
0.364 Hectolitre (36.364 litres) ...
0.453 Kilogramme ..,

50.8 Kilogrammes

J 1oo-o Kilogrammes ...
1220.46 tb.

0-9 Hectolitre per Hectare
1.12 Kilogramme pbr Hectare ...

125.60 lclogrammes per Hectare or
1.256 metric QuiDtals per Hectare

Id Aneri@ theWirchester bushel is nsed:35.216 litres. I Englisb blshel=1.032 Americd bushels.

CROP,

o. M, c.

5,
6. 3. l.

AYEPAGE OF THE FlnsT NINETEEN COUQSES, la4A-1925.

Roots (Swedes) cwt.'
Barley-

Dres*d Grain bush.
Total Straw ... cwt.

Beans-
Dress€d crain bush.
Total Straw ... cNt.

Clover Hay ... cwt.

Dressed Grain bush.
Total Stralv ... c$t.

32.7

13.9

21.2

71_2

20.9
13.7

13. r
9.2

28.3

22.8
21-7

t7 5.7

23 _8

I40

29.O

195.9

16.0

ta.2
t3 _2

54.1

31.2
30.3

355.3

19.5

29.5
31.4

302_O

36.8

r 5.3
55.0

3t.2
30.4

PPESENT COUQSE r20th), 1924, 1925 and 1926.

1924
1925

1926

Roots (Turrips) ... cwt.
Barley-

Dress€d Grain busb.
Ofial Grain ... lb.
Straw.,. ..- lb.
Total Straw .-. cwt.
Wt of Dressed I .,
Grarn per DusD-,

ProportioD o( Totall
Grain to I0O oIf
I Otat stra.w )

Clover Hay ... cwt.

2.9

10 86
42.O

633.0

o.7

7.35
49.0

678.O
?.5

51.6

50.7

14.2

42.8

10 09
94.O

602.0
7.4

52.5

15.5

3r.5

16.70
38.O

866 0
9,3

53.6

89.2

t27.+

10.35
53.O

626.O
7-O

53.3

7?.O

to+.7

8.60
59.O

541.0
6-5

54.3

72.4

26.3

* Plob r, 3 and 5 based upon I3 ye&s. PloIs 2, 4 a.d 6 based uDon l7 yets.
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METEOROLOGICAL RECORDS, t92S and, tV)6.

RAIN AND DRAINACE.
MONTHLY MEAN FOR 56 HARVEST YEARS, 1S70.1-rE25{.

Rain. Drainage through soil.

Bright
Sun-

shine.

Temperature (IvIean).

Total
Fall.
i.ltT

Gauge.

Ir" ",/nainy
I Days.

t,+"
]c",s".

20 ins.
deep.

40 ins.
deep.

60 ins.
deep. Max. Min.

.E! Solar
lIax.

Grass
Min.

1925
Ja". ...
Feb..,.
Mar....
April ...
Mav...
June...
Julv ,..
Aus....
Sept....
Oct....
Nov....
Dec. ...

Iaches.
2.O53
3.940
|.219
t.703
2.480
0.12L
4.428
2.972
3.287
3.013
2.2+l

No.
18
l6
t2
l6
l8
2

15
15
l8
l4
I5
16

Inches.
1.804
3.413
0.340
0.149
0 391
o.N2
r.573
1.048
1.528
2.078
1.481
1.900

Itrches.
1.870
3.452
o.442
0.r83
0.534
0.0J3
r.343
1.180
1.605
2.203
1.?06
2.O52

Inches.
r.845
i.457
o.426
0.169
0.486
o.043
1.284
1.O95
1.50r
2.037
1.616
1.903

Hours.

68.3
89.3

139.6
204.7
259.s
183.6
133. r
124.3
102.9
90.6
5?.8

oF.

44.6
45.3
45.0
52.1
60.8
68.0
70.s
65.8
58.6
56.5
43.4
41.3

oF.

i4.6
35.7
34.5
37.\
447
48.2
53.4
52.8
46.0
44.2
34.1

oF.

39.6
40.o
39 _2

44.3
52.4
59.6
62_4
60. r
53.7
51.0
42.2
36.3

oF.
64.2
83.4
91.8

106.8

I r9.4
r25.5
116.9
112.O
97.7
76.6
60.6

oF.

31.7
30.2

40.7
43. r
48.4
49.1
40.9
39.9
29.8
27.6

Total or
Mean 29 584 175 r5_10i 16.603 t5.862 t506.4 54-4 41.4 48.4 98.0 372

tg?n
Jan. ...
Feb....
IUar..,.
April ...
May...
June...
J,lv ...
Aug....
Sept....
Oct- -..
Nov....
Dec..-.

3 511
2 494
0 215
2 963
I 945
3 0l{
2.787
1190
r'788
2 672
5 321
o 4?7

l9
t7

16
l8
l3
l1
9

1l
t4
24

6

3.169
2.r12
0.003
o 861
o.36e l

o s4r I

o.2q I

0.576 
]I149

4.520
0.32e 

]

3.387
2.4i1
0.049
0 938
0.653
1.258
o.442
0.035
o.659
1.230
4.840
0.525

3.260
2 298
0 041
0.862
0.581
1.157
0 384
0.033
0.600
1.135
4.644
o.467

45.?
40_6

119.9
108.2
153.6
r80 7
r51.5
195.2
133.2
98.5
45.0
64.5

43 _9
48.+
49.4
55.3
57.4
63.3
68.6
69.0
65.8
52.4
47.7
42.3

32.5
39.5
36.9
40.7
42.9
4?.9
54.5
52.8
51.3
40.3
37.4
33.8

38.4
42.1
42.3
46.4
50.5
57.8
61.5
60.9
59.3
48.9
43.3
38.8

66.2
?2.5
99.3

r05.9
tt?.t
123.9
723.9
122.8
112.8
95.9

67.a

29.6
35.4
30.5
35.3
38.3
+2_9
50.5
47.4
46.3
35.7
33.0
29 _9

Total or
Mean 28.i77 163 14.322 76_4+7 t5 _462 1336.6 55.3 42.5 49.2 98.? 31.9

..; Drainage. Drainage % oI
Rainfall Ei'aporation.

20 in
uauSe

60-;n
Gauge

40 in.
Gaug€

i;;l;;r.",-
lca,g. I 

ca'g.lca,s.
t;;;
Gauge

September
Octob€r...
November
Decembet
January -..
February
March ...
April
M.v
lune
July
August ...

Ins.
2.384
3.161

2.857
2.389
2.039

2.O53
2.O54
2.245
2.746
2.662

Ins.
o.785
1.830
2_O55
2 439
|.942
I.515
1.O91
0.660
o-484
0.560
0.726
0.699

Ins.
0.75i
t.7a9
2.O91
2.525
2.r23
1.618
I 221
o.?30
0.550
0.588
o.?48
o-704

Ins.
0.68S
1.662
1.9?t
2.471
2.043
7 _545
l_ r54
0 -696
0.516
o.567
o.696
o.660

%
32.9
57.9

85.4
8r.3
74.3
53.8
32.1
23.6
24 -9
26.4

31.6
56.6
76.7
88.4
88.9
79.4
@-2
35.6
26.8
26.2

26.4

28.9
52.6
72.3
84.4
85.5
75.8
56.9
33.9
25.1
25.3
25.3
24.8

Ins.
1.599
1.331
o.670
0.418
0.+47
0.52+
0.936
1.393
1.570
1.685
2.020
1.963

Ins.
1.631

0.634
o.332
o-266
o_421
0.806
1.32i
1.504
1.657
1.998
1.958

Ins.
1.695
1.499
o.754
o.446
0.346
o.494
0.873
1.357
1.538
1.678
2.O50
2.O02

Year _342 14, .1.610 50.4 52.6 19.8 14.556 t3 _902 14.732
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MANGOLDS, BARN FIELD, 195 md 1926.
Roots since 1856. Maogoldi siDce 1876.

Produce per Acre.

.s St p Manures.

Cross DressinSs.

o. N. A,C. C.

None. Nitrateof
Soda. Salts. Rape cale.l

Rape
Cake.

1

2

5

6

7

8

9

1

2

4

5

6

7

8

9

19x.
Dung only

Dung, Super-, Potash ...

Complete MiDerals ...

Superphospbate ody ,..

Super. and PotasL

Super., Sulphate of Mag.,
and Sodium Chloride

Notre

Sodium Cbloride, Nit.
Soda, Sulph. Pota-sh,
and Sulph. Mag. ...

1q)6.
Duog only

Duog, Supr., Potash ...

Complete Mioerals

Superphosphate only ...

Slrper. aDd Potash

Super.. Sulphate of Mag.,
and Sodium Chloride

None

Sodium Chloride, Nit.
Soda, Sulph. Potasb
aDd Sulph. Mag. ...

J R. l{.zE
1L.2.17
rR. tG t9
1L. z.e8

iR.3.25
i
IL. o.9i
tR 364
1r. r.rz
JR. 4.lC
tL. l.ll
J R. 5.49
lL. l.m
J R. t.52
lL. r.0r

JR. 17.06
lL. 3.83

25.55
5.98

27.1
6.41

lR.l6.8{.
1L. 4.e8

J R. r6.90
tL. 5.65

14.01
4.32

l4.at
4.36

14.81
i.23
4.9.1

19.14
6.35

25.21
6.26

I r.zz
,

| :.ee
)

6.10
3.69

13.91
3.59

14.21
3.05
2.81
2.23

18.99
6.14

25.22
7.28

22.4t

6.05

6.t0
4.5 t

lE.l8
5.90

13.37
5.25
5.25
3.39

1E.20
5.77

25.2t
6_49

16.07

3.98

6.65
4.26

15.46
3.66

12.09
3.38
4.05

lR. 21.16
i r,. :..rq
rR 23.80
Ir-. t.zs
{ R. 4.?5
)

tr. o.as

rR.4.8l
1L. o 86
{ R 5.41
1r. o.ss
1R. 5.28
tL. 0.96
rR. 35t
1r-. o.sr

tR.25.0S
iL.3.rr

L,.,
4-5aI sq zt

I +.a.:
rR-21.0?*

l" 1r.. .: s:
t- rR 25.75
lo 1 r. +.sr
I l8 t9I t.azI so roI t.ozI Lt 27
,l t.z+il rr sz
I ttz1-
l
I

21.77
4 _24

50.84

I rs sr
t

I z.sz
I

9.25

17.t6
2.58

IE,EG
3.08
?.E3
3.O2

r8.35
3.81

40.0E
6.O7

25.77

4.12

t.29

21.05
4.12

20.00
3.9+
7.75
2.41

19.39
4.88

2?.90

t6.59

2.52

10.2E
2.39

t5.29
1.94

11.66
2.36
E.04
2.57

R:rets. L.:loYes.
' FroE lgoa on-Tds plol a N hs been didded, az receieins Sglphate of Pqa-sb, Sulp}3le of

Ma8oe.ia, Sodium chlonde aDd Nilate or sod.: aa, reevrDa ualcrlm Lbtond'i
Pota$iuo NiiFte dd Calciuh Nitrate
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WHEAT. BROADBALK FIELD, 1926.
Top portiod fellowed.

Plot Manurial Treatment

Dressed
Grain ofial

tb.

Total =E"

xo_6

2A

5
6
7
8
9

l0
11.

t2
l3
l4
15
16
r7l
r8J
19

Fa.rdyard Manure
Farmyard Manure
Unmanured
ComDlele Min€ral Manure ...
As 5; and Single Amm. Salts
As 5. and Double ADm. Salts
As 5, aod Trebl€ Amm. Salts
As 5, and Siogle Nirrate of Soda ... .'.
Double Amm. Salls alone ... ...
As 10, and SuperphosPhate . .

As IO, and Super. and Sulph. Soda...
As IO, and Super. and Sulph Potash
As tO, aod Super. and Sulpb Magnesia ...
Double Amm.-Salts in AutumD and MiDerals
Double Nitrate and Mioerals
Minerals alone or Double Amm. ,.. ..'
Salts alone itr alteroate Years
Rape Cale alone

6.8
6.5
0.9
2.2
5.9
5.7
1.5

4.4
4.2
?.1
9.3
8.6
5.5
7.5
6.4
3.6
4.4

54.8
55.5
57.5'
57.5
56.8
55. r
50.4
54.0
51.3
53.0
54.1
56.3
54.6
56.4
54.4
56.0
56.0
53.4

ll3
133

I
17
50
91

118
72
84

lr3
149
123
r35
t07
141
88
60
98

t979
267 5

t35
285

1030
t985
2973
1293
1030
I360
1733
2205
r838
r408
2283
1508
668

1503

24.6
33.6

1.8
3.5

r3.0
23.3
33.5
16.0
12.5
17.7
21.7
26.+
22.7
r8.9
27.8
18.0
9.0

17.6

t7.6
13.2
30.2
38.8
26.5
15.4
Li.2
21.8
22.0
r6.8
2L.9
21.?
24.1
20.4
r7.8

16.6

' -\dopted from plot t.
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t3+

RED CLOYER growo year after year otr rich Garden Soil,
Rothamsted Garden.

Hay, Dry Matter, aod Nitrogeo per Acre, l and 1926.

WHEAT AFTER FALLOW (without Maoure 1851,

and since),

Hoos Field, L925 and 7926.

AVERAGE WHEAT YIELDS o/VARIOUS COUNTRIES.

No. of
Cuttings As Hay D.v

Matter NitrogeD Seed Sown

1925
1926

2 1525
1248

72JO
1040

33
i2

Apr;l 17th, Re-seeded
June lst, Patched

,A.verages:
25 years, 1854-1878
25 years, 1879-1903
20 ye3.rs, 1904-1923

7664
3924
2640

6i87
32i0
2200

179
101
65

7925 1926
Average
70 yeals

r856-r925

IYield oer Acre bushels
t we'ght per uusbel-ID.

Ogal Crain per Acre-lb.
Straw p€r Acre Ib.
Total Strar! per Acre-cwt
Proportion of Total Grain to 100 of

Total Straw ... ...

5.9
58.9

623.O
6.8

49.a

5.24
58.2
96.O

780.0
9.0

39.7

14.70
58.8
50.?

12.7

CouDtry

Mear
Yield

1901-10
Country

I\Iean
Yield

1901-10

Great Britain ... ...
Englatrd...
Hertfordshire ... ...

FraDce...
GerroaDy
Belgium..-

3 r.6
31.7
30.5
20.2
29.1
35.1

Denmark
Argentitre
Australia
Ca.nada
United States
Russia-Europeaa... ...

41.3
10.6
10.1
\9.5
74.3
10.0

NorE--Fisures for crear Brirain. Eoalatrd ed Henfordshire e€ rale! froo rhe B@rd of
Ae.icultlre's "Agricultural Statisrics." Vol. .t6. Other 6sues from Amuire
tntermtio.al de Statistique Agricole," I91Gl2. ed @Everted at the Bte of 60 lb.
p€r bushel.
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r36

Little Hoos Field.
Produce per acre. Roots

Srvedes, 1926.
and Leaves in Tons.

Manurial Treatment Roots Total

AI
?lrl
4l

BT

3l
+.
sl

c
2I
3
4)
5,

DII
2,
3,
4
5

Ell
2l
3i
4l

F1
2r
3l

1I
Gll

2J
3
4[
5t

Hrl
2l

i)
5

CoDuol ...

Ordioary DuDg. 16 tous

CaLe-fed Dung, 16 tons
Control ...

CaLc-fed Dung, 16 tom

.nf$lAo.'**._o*0Y", 
::,ooii:

Control ...
Shoddy ; Superpbosphate
Sulpbate of Pot;b - ,.,
Guano ; Sulphate oI Ammonia
SulFhate of PotashSulphate of

Control .-.
Guano; Sulphare of Amooaia. Sul-

pbste ot Potash

Rape Dusr; Superphosphate ... ...

Control -..
Cootrol ...

Superpbosphate; SulDhate of Ammo-
nia; Sulphale of Po'rash ...

Bone Meel; Sulpbate of AmmoDia:
Sulphate o[ Pota_sh ... ...

Control ...
BoDe Meal; Sulpbate oI ADmooia:

Sulpbate of Porash ... ... .--

Basic Slag; Sulphate of AmEoDia:
Sulpbate of Porash ... ---

Cootrol ...

t 2.61
21.79
11.46
8.25
9.20

2l.ll
13.30
t4.95
r3.88
12.74
10.74
13.44
10.2a

l a7
17.51
li.7t
t2.96

34

t3.79
t0.t6
11.6.{
8.71

14.36
10.8t
7.20

15.5{
5.95
6.59

r1.@
l{ t6
19q
5a4
aecl

l5 40 I

9.50
s.tt )

9.88 
I

r'.76

4.0{
2.87
2.44
2.53
,.75
2.62
2.99
3.09
2.94
,.01
2.62

1.56
0.56
t.20
2.68
2.79
2.36

3.41
2.8e
2.55
2.O8
2.62
2.42
t.7a
2.E5
1.40
l.4l
2.@
2.57
r.88
1.09
1.75
2.02
2.08
1.88
1.9{
r.85
l.!7

1,1.92
25.7'
14.33
10.69
11.73
2{.86
15.92
17.94
16.97
1i.68
19.75
16.06
to 60
7.28
2.43

20.5t
16.39

13.70

17.20
t9.75
14.19
10.79
16.98
13.22
8.98

lE.i9
7.35
8.00

II6{r
l7 {:i i

rsrl
t .ss I

ro sr i

r5.{s 
I

I1.38
r r.lr 

]ll 73 I

6.23

,-u
t92l
1922
1924
1926

1921
t922
192+
1926
t92L

1922
1924
1926
t921
1922

1926
1921
1922
1924
7926
7921

1922
1924
1926
1921
1922,y

1924
1926
1921

1924

t925, 6eld fallowed.
N** -,"sii:"*f,':-'"T ffi1,"1..'#ffi'"ns:fff::1$,.""ff ",:,:lf :l g:-h",r":.,ir1:{^.1

tr"J; i11'*H,J;:-*ut"?1Hr*s:*."T*ijj+if.li;j**".ji:,"iHiffi
'n 

eirher ot rhe.€ rbre has beetr ;Mda
:,}ffi i"?,,i..fl 3r, suDerDhosprire.

FkuEs itr iialics denote um,nnred nlors_ Tte yield oo the Dtois to which rled&urc sa epplied iD a siveo saso aie prmreo u mrry ryoe.
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r37

Hry. Great Field, 1925 and 1926'

Manurial Treatmcnt.
Quantities per Acre.

t9:5. 19. 1926.r

No

lb.

1A
1B

2B
3A
JB
4A
4B
AC
BC
7C
?D
8C
8D
lc
3C{c
5C
cc
DC

)Higt craae slag, No. 12. 1.uo lb.

) 
Open Hearth Slag, No. 13, 1,925lb.

IOpen 
Hearth Slag, No. 14, r,93olb.

lcafsa 
Phosphatc 750 lb. ..-

)i Controt. No Manurc ...
)

)Nauru 
Phosphate 263 lb. ...

) 
Nauru Slag Pbosphate. No.8,411 lb.

HiEb Soluble Slas, No. 1, 872 lb.
Lot Solublc Slas, No.2, 1.225 lb.
Gafsa Phosphate, 347 lb. ...
TunisiaD Phospbatc, 3J6 lb.
Florida Pbospbate, 292 lb.

)Control. No Manure ...

34.2
48.4
36.3
45.0
39.8
40.7
47.O
42.5
37.0
45.2

33.6
36.4
30.7
33.6
30.7
30.5
33.4
36.4
27.9
30.0

34.8
42.9

35.O
34.3
32.3

32.7
34.1
35.7
35.5
32.9
31.3
31.{
38.8
33.4
36.r
34.8
35.5
32.O

4t.6
43.2
36.3
37.3
35.5
37.5
39.6
37.3
31.8
,o:

40.4
37.5
42.3
39.5
38.4
{0.9
41.1
42.3
43.0
,t::

-

3628
3776
3159
3214
3198
338+
3358
3252
2a53,:,

3519
3381
3141
3688
3336
3730
4129
3940
3648
3397

Xainir rr 4 crr. per acre. applied Jrnuery zath. 1924.

' Dry Matl.r der.minatiols wer. nol @de in 1925.
Series C dd D wer. discarded in 1926.

Great Knott Field, 1926.
Produce per Acre.

Yield
Giain

lb. lb.

ToI.l

Red StaDdaid
BrowicL A
Bro$icl B
Litde Jo3s A ... .'.
Little Jo3s II ... ...
R. Milliotr A ... ...
R. Millioa B ... ...

30.7
36.8
36.2
45.9
46.5
37.1
31.4

6t.,1
5A.7

62.6
6r.8
61.4
61,2

3105
4118
3406
1795
4630
3900
3224

3r.4
4Z.a
35.5
48.3

43.5
38.9

54.6
49.4
53.5
55.5
57.4
48.9
548
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REPLICATED EXPERIMENTS.

QUALITATIVE EXPERIMENT WITH POTASH.
Potatoes (Kerr's Pink).

1925, West Barnfield. 1926, Stackyard Field.

I

I

III

IV

Repeated each year io a 4 x 4 Iititr Square $'ith plots of !t of a! acrc.

1925. SIrcng respoo* lo..ll porasb aDplielioG, rb. sutphare shorinC soEe suDerioriry.
1926. ODIy DodcnG r€spoD* lo potaah ; borb sulDh.re dd Duri.i. sup€tior i6 porash_ torrue 3atrs.

s.E.

C D B

ts C D

D C B

IJ D c

Actual Weighr iD lb.

Ro\r
r .:i t9lri

B c
P.TI.S,

D B c
P.M.S.

D
I
II
IIT
IV

173
279
2r2
237

398
43S
445
453

4{1
423
428
393

4l.l
409
436
410

461.5
389.0
318.5
464.O

557.O 584.0
519.5 477.O
467.5 491.5
492.0 511.0

498.5
485.5
474.5
s07.0

Total 901 t7i5 1677 r693.0 2063.5 r965.5

Summary.

192547-77'% 1925-52.1tq, l!n*+?9*

E
-!

J Toos per acre 5.03
60.1

9.68
115.6

9.42
tt2_5

9.36
lll.8

8.3?
I00.0

o.203
2.43

1926 J Tons per acre
I Per ceni-

9.45
87.3

11.36
105.0

tt.52
106.4

to_97
10r.3

r0.82
100.0

o.210
1.91

I

II

III

IV

N.E.

C BIA D

1l D C

D ll C

C D B
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POTASH AND NITROGEN QUANTITIES.
Potatoes (Kerr's Pink). West Barnfield, 1925'

s'w'
I II III IV

Ar€a of plots

Basal Manure:-
Sup€lphosphate
3 cwt. pe! acre.

A -1I J .N a T s

D T .\ o I A D C

R C L JI R L

C a -a? A s D N J

.v J s D P L R

.II L T C T ,II a

Actual Wcight in lb.

TA

+
Basl

+
Basd

+

c

+

+

+

S/Pot.
+

+

B.sal

S/Pot.
+

+

S/Por.
+

Bas]
+

S/Pot.
+

Bael
+

S/Pot.
+

,] a
I

III
IV

272

226
234

322
28r
r98
191

217
315
247
157

328
29a
344
185

340
320
341
294

437
438
393
377

464
450
139
4?2

388
352
338
342

491
482
466
44t)

487
515
501
461

508
461
5r9
475

516
464
456
{4t

Total 984 992 936 I155 1,299 16.15 1825 1420 1 ... I964 1963 187?

Summary of Results.

| 
,"j,

ls/^Eo

+
l+

l+

+ Basl
+

S/Pot.

+ +

+

+

S/Por.
+

+

S/Pot.
+ at

5,r91

65.8

5.536

6.3 62.6

6.145

71.2

7.219

86-8

9.180

10.0

r0.r8/r

t22.O

7.924

9.9
10.536

t.2
r0.9@

t3l 3

r0,95.1

131.2

10,47,t 83.4{

l?5.5 l@
o,359'

4.31
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Potatoes (Kerr's Pink). Stackyard Field, 1926.
N..w.

SysTEM oF REpLtcATIoN :-Ranalomised
blocks lor all manurial combinations.

Plots # acre.
Basal Dressing:3 cwt. Superphospbate

per acre.

N J F D o K

K I o D L B F N

B C lt L I'I P G E

H E P G II a C l
L l C P a ts E

K 13 G o C H 1 o
E F a D N 1I D

N H P ]I F G K L

Treatment Actual Yield in lb.

Nitrogen cwt. 0 I
Potash cwt. 0 I 2 0 1 2 4

I
II
III
IV

3t?.5
{04.5
351.5
325.O

B

363.0
308.0
367 .5
359.0

c
368.0
356.0
383 5
328.5

D

381.5
439.0
316.0
259.O

E
314.0
318.0
3s7.5
395.5

383.0
434 0
381.5
410.5

G

434.5
402 0
455.5
351.5

r{
447.5
422.O
354.0
390.5

Total .. 1398.5 139i.5 1436.0 1395.5 1385 0 1609.0 1643.5 r 614.0

Nitrogen cwt, 4

Potash cwt. 0 1 2 + 0 I 2 4

I
II
III
tv

J
302.5
456.0
44i.O
483.0

K

444.5
544.5
472.5
430.0

L
471.5
483.5
495.5
394.5

M

449.0
504.0
474.5
444_0

N

3i2.O
468.0
385.5
522.0

450.0
533.5
502_5
512.O

527.O
500.0
496_5
559.0

I
568.0
561 5
53r.0
550.0

Total ... 1684.5 1891.5 1845.0 r87r.5 1707.5 1998.0 2082.5 2210.5

Summary of Results.

AveEge Yield in tons per AEe. Av€nge Yield Der cent.

Cst- per AcE,Sulp}. o{ Potash, Cnt. perAcr€, Sullh. oI Potash.

9 0.! o
i*E t
E..^< 4

0
7.80

9.40
9.53

I
La0
8.98

10.56
11.15

2
8.01
9.17

10.30
11.62

4
7.79
9.Ol

10.44
12.34

0
82.3
81.6

99.20
r00.5

1

82.3
94.4

1t 1.4
tt7.7

84.6
96.8

loa.7
t22.6

95.0
tto.2
130.1

Standard Error 0.519 totrs, or 5.48 per cent.
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QUALITATIVE EXPERIMENT WITH POTASH.

Sugar Beet. Woburn, 1926.

s.s.E.

SysrEx or RErLtc aroN:-I2tio squar..
S=SulDh.re of Potas! )
M=Muriare of potash I +s...t.
K = 3o Der ceD t. Potas! Satts )

c=Basal only 6uD€; s/A+N/s)

A@ of plots, i\ acE

C o K s II

o tlt C K S

x s II o C

,1I K s C o

s C o JI x

Actual Weights in lb.

c o Ii S \I

640

539
539
547

465
nt2
424
454
4s7

512
544
4&
528
470

291
358
3,t2
366
307

600
554
671
603
560

341

5.16
555

566
578
518
497
563

423
42t
417
3s2
440

558
567
520
609
540

3?8
4t3
392
507
411

25t4 1667 2988 2308 2053 2794 2161

Summary of Results.

Av€rage Yield per Acre- S II K c o !i

Roots-pounds
Tops-poutr&
Roots-tons ... ...
Tops tons ... ,..
Roots per cent.
Tops-per ceDt.

33384
24636
14.90
tl.o
t00.29

98.71

33528
25932
t4 -9+
11 .58
100.72
t03.85

35956
27696
16.05
12.36
107.11
t10.96

33504
265,r4
14 _96
tt 85
tm.65
106.35

lol6a

i3.+?
8.93
90.61
80.1o

33248
24960
14.86
fi.1,1
100 0
tN.o

646.44
9.t6-8
.2886
o.42
7.942
3.793

Signifrcant response only to the Potasb Manure Salts.
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I
6II

C III

IV

1+2

NITROGENOUS TOP DRESSING ON ROOTS.

Sugar Beet Experiment. Rothamsted, 1926.

w.N.w.
Columns

I It III IV

t2N 9N 6N

9N t2N 2]i 6,\-

6-Y 2N t2N 91{

2ti 6N 9N

Srsftx oF RBpLrc aroN:-Iitin Sqre,rxl.

Bel ilie.sinA SuDer. 3 .wt., Muriate of Potash
2 csi.. Sulphate bf A!.mo.ia l* cwt. (=2N).

Nitnte oI Soita 4 cwr. (6N). 7 cwt. (9N). od
10 c*t, (12N), applied N top .llEssin8.

Actual lveiehrs in lb.

t?\ 9\ 6N 2\

I
II
III
rv

3r6.0
273.5
267.O
255.O

39.1.0
393.O
414.O
385.O

28+.5
297.O
236.5
267.5

407.O
392-5
382.0
422.5

275.5
23t.O
298.0
28r.5

,103

353
3N
4,12

229.O
280.0
217.5
308.5

32t.5
369.5
399.O
394-O

Total 11r1.5 1586.4 1085.5 160,1.0 1086.0 ti62 1095.0 118,1.O

Summary of Results.

Averaee Yield per Acre. I2\ 9\.' 6r_ ?-!_
9E

Roois, pounds
Tops, poLrnds
Roots, tons
Tops, tons...
Roots, pe! cent. ... ...
Tops, per cent. ... ...

40292
57,192
17.99
25.67
10r.6
10t.7

39349
58t45
17.57
25.96

99.2
102.9

39368
56622
17.57
25.28
99.2

100.2

3969+
53795
r7.72
2,t.u
101.1
95.2

39676
56514
17.71
25.23
100.o
tu).0

685
1163
0.3r
o.52
l.?3
2 _06

No sisnifi€Dt resDonse in roots. add sarcel!.in toos.
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Sugar Beet. Woburn, 1926.

S.E.

SysrEv o F REpLrcarroN : Lalinsqnare.
3N:SullhaLeof-q.mm,+ Double N/S I
2N: .. ., +Siosl€ N/s f+Basar.
N: tro N/s I

C =Basal only (Super.+S/()

N o 2N c

.tv C o

l\r 2N C o JN

o C ?II i-\' N

c o I' 2N

Actual Weight ir lb.

lr- 2N \ c o

624
581
647
688
617

578
,167

525
535
,154

68S
641
539
602

634
524
406
380
632

507
6r3
605
755
666

,t30

319
522
3s5

645
557
559
788
481

37t
29.1
355
462
.r88

505
5r6
485
483
526

356
30?
395
331
46?

3157 2559 3403 2576 3146 2029 3030 1970 2575 1856

Summary of Results.

AvenEe Yield per Ac!e. 3\ 2tr" c o
?
9,
:*

Roots, pouDds
Tops, pounds...
Roots, tons ...
Tops, tons
Roots, per cent.
Tops, per ceDt.

37884
30?08
16_9
13.7
103.5
116.7

40836
30912
ta.2
13.7
I11.6
tt7.5

37752
24343
16.9
10.8
103.1
92.6

36360
23640
16.2
to.5
99.3
89.9

30180
22272
r3_5
9.9
a2.5
84.9

36602
26301
r6_3
I t.7
r00.0
I A).O

2396
t?6
1.1
0.8
6.5
6.7
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Mangolds (Red Intermediate). West Barnfield, 1925.

N.E.

I
Iir
I s"arr", oF REPLrclrroN:-, RaDdomised blocls in duplicate.

. Plots $ acre.

I U*.f Manure: Super., 3 cst pcr acre.

I rr Karnit, 4 ,.

I

I

C D F

H E I

B c

I E C

c B

F H D

ll

+ +

D

l+

| ,;,
Bas.l

+

F

B.ral
+

c

Ba.al
+

H

l*-l+

1r","'* o

Ir

Roots-Actual Weights in c$t.

I
II

15.04
17.53

18 47
18.65

13 84 18.64
t2.35 17.46

r3_60
19.96

19.81
t5.s2

20.o2
18.15

13.60
14.76 t7.95

Toral I zz.st 
I

37.r2 26_19 I :s.ro 33.56 i5.73 38.t7 28.36 40.72

Leavcs-Actual Weights in lb.

I
II

593.0
6r8.5

663.5
689.0

498.0
436.5

?67
634

552
i05

687.O
619.5

?84-5
666.O

506.0
536.5

817.O
700.5

Total 12t1.5 1J5.t.5 934.5 l45l 1257 1306.5 1.150.5 \042.5 1577.5

SII]tfNTARY

AveBae Yield p€r Acie. I A I B C D E F' G H I

Roots, tong
Tops, toDs...
Roots, per cent. ...
Tops, p€r cent. ...

t6-24
5-408
94.9
9t,l

18.56
6.O38
r08.3
105.1

l3-09
4.172
76-4
72-6

18.05
6..t78
105.3
It2.7

16.78
5.612
97.9
97.7

17-8?
5.833
l04-3
tot-s

I9.08
6.,t75
111.3
I 12.7

14.18
4-654
a2.7
8t -0

20.i6
?.o42
I I8.8
122.6

t?.14
5.7,t6
100.o
1N-O

1.80
0.,t't
10.5
7.66
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TOP DRESSING ON CEREALS.

Oats (Grey Winter). Long Hoos Field, 1925.

N.
III II IY

SYSTEM oE REPLIcATIoN :
Four ratrdomised blocks with
additional plots F or G.

Plots, it acre.

Bael Mdore was:-
Sop€r. 2 .qt, p€r acre.
M/Amm-. equivalent to I cwt. pe.

acre S/An,m. for siDeledrssine.
S/Adm-,1 cwt. Der acre for sinEle

C F B

E D C

D B E G

C D

F E C

B G D E

Actual Weight in lb.

Summary.

AveBge Yield pe. Acre.
Edly Eirly Earlt Early

crain, pounds
Straw, pounds
crain, bushels
Straw, cwt. ... .-.
Gmitr, per cent.
Straw, per ceDt.
Total Ptoduce, pounds

2082
2635
49,57
23 53
798
?3.5
4?17

3565
59.35
3t.83
98.6
99.5

5057.5

2697.5
3415
64.23
30.76
103.{
96.1

6142.5

2?87.5
4t t5
66-37
36.74
106.9
114.8

6902.5

2970

69 29
34 55
111.6
t 08.0

6780.0
I

2585
3560
61.55
3t .79
99.1
99.3

6145.0

2615
4190
62.26
37.41
100.3
116.9

58C5.0

260a.'3
3584

62.10
32.m

100
100

6193

116.7
85.6

2.778
o.764
4.47
,.39

.

:..

o."rr. sr.r.--. *sj1e"]l

EarlyEdry I Late E&ly I t,e E&ty
hlDlE

Total Grain.

I
I1
III
tv

Totrl

53.00
55.75
43.00
56.50

69 7s l 73.oo
or.so I ez.oo
56.?5 6a.75
69.25 6t.OO

73.oo 1 a3.75
?8.75 ?5.75
67.50 63.50
ss.so ] os.oo

60.50

6a.?5
o*so

66.25

208.25 )57.25 269.?5 2?8.?5 291-OO

Toial Stra.w.

I

III
IV

Total

65.5
70.5
64.0
63.5

94.O 94.5
87.O 81.0
a5.5 a2.5
so o I s+.s

101.0 | 97.5
lrr.o iroo.o93.0 93_O
roo.s I so.s

88.5

89.5
,os.o

100 5

263.5 156.5 344.5 4t r.5 209.5
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Oats (Grey Winter).
N

146

Long Hoos Field. Season 1926.

w

Z

J

M

x

Y

K

L

SYsaE! o! R!PLrc^troN:--{
reptcates ach al acre m u-
doDi*d blocks of 12 Dlots.

QuaNrrrrEs.-Sulpbate of
Ammonia applied at the hte
of r .wt. and 2 cwts. Der acre.
MEiate ol Amoooia (rbe equiv-
alence of aboee io Nit.oReo)
aDplied at the Ete of 94.5 lb.

Early dressine applied wbetr
50% of the Dlants are tillering.
Iate dressirg aDplied Bhen the
sboot nmber reacbes its mali

O=No Top Dressing.
E L-Edly or l:te applicatioE,
S M = Sulphate or Muriaae of

1-?:Sinale o. Double dressiDE.

OA 211E 2SL OB 2SL OA OB /sE

,SE ITlE IML lSL 2ML INIE I tlL

oc 2]1L OD 23E oc lSL OD 2SE

25 I' 2ME OA 1MI- OA 23E 25L 2Jt L

OB /st ITIE IL OB oc l SL

2\IL oc 2SL OD 2SIE OD tltE /sr-

2SE 2tIL /SE 2 tIE 23L 2IIE OA

OA OB IML OC lTIE 2]IL OB IML

IJTE OD /sa OC OD /sE /SL

ITIE 2TIL 25L /sE OA OB /sr
/sa OA OB ttlL ITIE 23E 2ML oc

7SE OC 2SE OD OD 2SIE 2SL t tlL

Actual Weights in lb., Total Graio.

Bloc} X

,'Y
,,2
',K,'J
,'L
',M

o: OB OCIOD 1SE 1SL 1\IE l IIL 2SE 2SL 2I,I E 2IIL

61.375
75.25
75.5
91.5
78.625
84-625
68.875
81.25

65.5
83.5
74.A75
86.25
79.0
84.5
79.5
80.5

ur.rrrl n.r%
a:'zs ta+.azs
62.15 86.125
8s.75 j 82.s
83-87 5t 77 .? 5
87 .47 5t, 79-625
$25 tA3-75
as.azsle+-t s

77-5
80.? 5

80.5
93-125
67.7 5
88.875

65.375
89.124
85.75
86.0
86.5
76.5
?9.3?,
93.5

7 5.125
46.625

83.0
86.625

64.25
79-625
87.125
88.75
79-125
74.375
87.r25
89.0

68.75
88.5
82.87 5
84.125

65.t25
82-625

85-625 83.25
64.5
82.0
82-87 5
R2 12t,

74.25
91.25
78.r25
80.5
93.r25
93.3?5

80.5
88.25
76-87 5
69.0
90.75

a9.25
87.37 5
47.v5
a7 -625

?9-625
67.875
ao.75

78-25
8r-875
83.87585.375

Actual Weights in lb., Total Straw.

Bloct X

',Y,,2
,'K,' 1
,'L
..M

OA OR OC oo lrsa 1ST- l fIE 1\IL 2SE 2SL 2 IE 2ML

83.0
122.O
lo2.o
t49.5
110.0
144-0
100.5
126_O

96.0
140.5
r04.0
144.0
I r5.5
145.5
113.0
128.5

93.5
121.5
99.0

155.0
133.5
r2t _5

90.5
157.O

98.5 1121.O
roo.s lroo.s
138.0 I I30.5
rrs s lr:s.s
rr:.0 lrzz s
136 5 165 5
140.5 108.0
122-0 147.5

133.5 701.5
191.C 165.0
100.5 149 0
158.0 r90.5
1.+0.0 r50.0
742.5 t17.0
100.0 r28.0
r54-5 ',t+2.0

106.0
146.0
ti2_5
r27.5
119.0
154 5
141.5
162_O

161.0
185.0
142.O
161.5
116.0
796-5
t7 3.5
181.5

r00.0
130.5
129.5
180.5
117.0
129 _O

r53.0
188.0

130.0
159.0
133.0
170.o
181.0
200.0
138.0
792.5

101.5
t3?.5
103.5
165.5
114.5
133.0
138.0
164.0

Summary of Results.

,;i
=c:
,t3 Z'. :o ?;

i53
?n9:

I
i'' ea! Zv E:

9J.5
?5.4
69,3

102.0
73.9

101.9
50.3

r@,5

r08.7
53.7

1.39
1.08
2.218
1.095

1m.0

110.3
54.5

10r.2
78,2

112.3
55.4

99.8
7?.2

50.2

ror.0
80,4
<r.t
47.9

101.0
7A.O

101.O
51.3

r00.3

113.6
58.6

103.1
79.7
99-9
49.3

1@.7
77.9
98.9
48.8

(6)
1.972
1.525
3.137
1.5,r9

tm
77.1

100
49.3

lzl Refe.i to tuees of 32 Dlors, e.{.. Single v. Double. or SulDhare v. MunaG.
(O) Refds ro oans of 16 plots,..3., Edly Sulphate v. Iite Sulphate o. Siogle E&ly Y, Double F&ly,

h rie e6in i! spite of a very small siand&d dor, tbe Si.gle dressilg alotre produced a siEnifrcmt increas€
in rield. and rbis e{ialty s'hether lne d.essrqs wete of Sulpbate o! Muiate aDplied eiihe! alv or lare. The
DouLle d.essioa Droduced no fulher sisDifrcut itrcrs.e.

Io rhe stra; the Double dressilg prodoced a signii.st inc@.this beioe enrirelv due to those plots w[ici
received the dressing edly. The @rly ilr.ssed Dlots yielded siaDifi@tlv dore thd tbose Fhere the dresina
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Wheat. Great Harpenden Field, 1926.

N.E.

A

C

SYstEr or REluc^rtox :-FoE Ra!'
B doEised block3.

Plols * acre.

SqtDhat. of AEmoDia ai lhe Ele of I
and 2 .wr. Der acre. Muriate of Am'
m6Dia rhe.ouiv.lence of I a[d 2 cst,of
sulDhate of imoonir. al lb€ Ete of 92
lb. arld 18{ lb. per acre.

n O:No toD alressitra.Lt E-L=Barlv or hte aDDlic.rion.
SM:SulDhate or Muiate ot Alm.
r-2=Sinsl€ o! Double Dre$ittg.

OA IME IML 23E OA 1S1E OB lSL

/sE 2'I E OB OC ,.sli 2]t L

oc 2lt L OD tsL OD 25L 2JTE t ilL

OA tsL 2rrE I ]IE ot I]IL /sL

lML OB OC ,SE OB 2IIL

23L 25E OD 2l1L IIIE /sE oc OD

Total Grain-Actual Weights in lb.

OB OD ]SE ISL rlt L 2SE 2sL ]\I D ]]IL

B
c
D

51.75
55.375
35.25
39.25

47.5
56.25

48.25
53.0
30.5
21.i75

44.0625
56.r25
25.25
20-875

l4-0
59.75
30.0
2i.o

55-125
57,75

59.37 5
65.75
49.5
3?.5

56.a7 5
60.0

58.5
6t.375
29.125
35.625

56.5
59.5
1.)125

57.25
@.25
56.0
48.5

54.475
54.75
29.475

34.0 45.5 56.315 46.25 37.5

Total Straw-Actual Weights io lb.

OB oc OD ISE ISL r]IE 1It t, 2sE 25L ?fIE 2ML

B
c
D

112.0
129 -5
100.5
136.0

t22.O
135.0
9r.5

120.0

116.0
133.5
I11.5
96.0

132.5
r36.5

87.5
92.O

r29.4
144.0
I15.5

t29.O
r42.5
101.0
130.5

123.5
153.5
135.5
107.0

130.0
138.0
94.5

139.5

143.0
r38.5
100.0
r35.5

133.0
155.5
103.5
131.0

143.0
156.5
r29.5
134.5

140.5
105.5
114.5

Summary of Results.

o
o

',! PE
I
19

AJ

GEin. Dcr.ent. ...
c6in. boshels
Straw, lEr ent. .,.
stEw. cet. ... ...

8a.9
27.0
93.3
41.3

3r.8
101,5
15,0

16.5
32.3

LOs.2
,{6.6

3.5I
1.066
2.61
l.t6

9l.o

t01.5
45.0

1r9.2
36.2

t@.2
48.,r

106.9
42,5

103.4
45.8

r05.3
32.0
9,3

94,6
30.0

t01.7
t5.r

ttt.7
3r-9

r08,9
a8.3

Ir0.8
33,6

101,3
44,9

lo!.3
30.8

101.t
44.9

I
1.506
3.691
1.6,10

1@.0
30..r

l@.0
44,3

(4, Refers to tD@s of 16 Dlots.( ,, ,. 8-
Uudate bc.rs sulpbat.. u .6ect enlir€lv du. to the dlv dr6sin€s; a. .egartts queltitv' double eadv

and siele late aiyc th. b€si rctuns io aEi!.
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MALTING BARLEY.

Great I(nott Field, 1925.

I

N.\ry.

D K /j () A 13

C E D DA Ii

Total Grai.

I
II

Total 72.50

Total Strarv.

I
II

K

5r.5
3?.5

89.OTotal

Summary.

AveEge 1-i€ld D€r Acre.

Grain, pounds
Strau, pounds
Grain, bushels
Straw, cvt. ... ...
Grain, Fi ceDt.
Straw. per cent.
Total Produce,pounds

r& lb. i
s/Po'. I r cwr.

28.0 | 3l.o
36.25 | 2s.25

r6s lb.

1613 1606 1406
2Jt3 t875 t6lJ
3t 02 30.8a 27.O4
20.6i t6.741 14.40
98.8 198.{ 186-1

tr8.s I s6t I s2e
-rszolr+erl-torqtt

2238 211.] tgaa
37.75 1.1.9s 34.38
19.98 t8_87 17.75
t20 t .4 loq.5
115.t ) tos.6 l ro2.2
4.?01 3932 3776

+ SI.nal.d Error Dot of cdtai! Elidity, l,ur thc bcsr aBil.ble e.dmtc.

35.0
4i.25
29.25

36.5

55.5 56.25 | 52.@ I 78.50 I 72.?5 I 7\.5

I cdrrol I r53 lb.I I s/Por'
'lllra*
! I suoet.

16g lb.

+

51.5 43.5
38.0 41.0

36.5 I 33.5 I 39.5 I 32.5
56.0 l 4r.5 lzs.o lzo.s

27.5
39.0

8{.564.5
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\ erv Zealand Field, 1926.

INII

SYSTEM oF REPLrcarIoN:
Randomised Blocks.

Area ,t each plot.

IVIII

D H C C E

F E c R C D B

C D C D R F

B F D ,{ o A c D

Actual Weights i$ lb.

Block

A

+

B

+ +

D Flol
suoer. I super. I

vL l vi". 
I

M/4m6. I M/Pot. I

otal Grain.

I
II
III
IV

704.625
92.625
95.125
76.625

93.375
94 .7 5
91 375
90_25

94.7 5
89.625

106.375
79.i75

117.625
92.25

ttt.25
83.7 5

101.25
'14.5
90.25
8a.125

ro3.625
89.5

1o5.625
98.0

9t.625
97.625
96.5
95.625

103.00
67.375

109.00
74.25

Total 369.000 376-25 3t-o.125 39S 875 354.125 396.75 381 375 357.625

Total Straw.

I
II
III
IV

182.5
161.5
179.0
t44_5

189.5
168.5
199.0
167 -O

180.0
t62.O
208.5
156.5

182.O
r59.5
178.5
147.5

r85.5
I50.0
173.5
167.5

192 5
162.5
191.5
169.5

193.0
169.5
r87 0
r78.0

169.0
128 5
17L0
158.0

Total 667.5 724.O io7 0 667.5 6i6.5 716.0 626_5

Summary of Results.

Ave6ge Yield pct Acre-
+ I .,*..l+ +

;*
+
+

G rain, pounds .1306

Straw, pounds 11)':
crain. bushels +4 35
Strav. cwt. .-. .. ... .17.2-t

GIain, per cent. 9t.2r^
Strars, per cent. 96 E7

Total Produce, pounds ... 6J78

2i52 2313
4525 L 4419
45-22 44.49
40.40 39.45
too.2o ga 57
1o5.o7 102.64
6A77 1 6732

2493
4172
17.94
37-25
106.22
96.87
6665

2213
4228
42.56
37.75
9+.30
9a./8
644r

24A0
4475
47 -69
.;9_96
r05.65
103.91
6955

238+
4547
45.84
,10.60
r0r-57
105.53
6930

3916
42.98
3,t.96
95 24
90.92
6151

2i46.7
4306.6
45.13
38.45
r00
t00

6653.4

1o5.25
t08.?3

2-O2
o.9?
4.48
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Long Hoos. Winter Oats. Season 1926.

COMPARISON OF NITROGENOUS MANURES.

w.s.w.
Block Block Blocl

t23

SySTEM oF REpLIcATIoN :-Randooised Blocls.
Plots aL acre; dressings equivalent to 1 cwt. of Sulphate of Ammonia.

A l) B c C D B D C B

Actual Total Weights in lb.

Block r,

I
II
ITI

67.375
17.625
?2-25

t055
t02t
fit5

80-00
81.375
?t-375

I165
I185
1073

82.7 5
46.75
67.0

129.5
I J1.O
td)-5

6t-a? 5
?1.375
59.25

lo7.a
95J
84.4

Total 329 _O 232.7 5 312.5 236.5 36.1.O 792.5 286.5

Summary.

Av€EBe Yield Der Acre. S. E,

Grain, pounds
Stra\r', pounds
Grain, bushels
Straw. cwt. ... ...
Grain, per cent.
Straw, per cent.
Total Producc, pounds

2897
4387

68.97
39.17
98.86
99.55
7284

3r03
4567

73.89
40.77

105.92
1U.63

3r53
4853

75.Oa
43.32

r07.62
llo.t 4

8m5

2567
3820

61.11
34.11
87.60
86.69
$a7

2930
1107
69.76
39.i5

100.00
100.&

7357

108.039
1t3.281

LO|1
3.687

lt,
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SEASONAL EFFECT OF PHOSPHATE AND NITROGEN.

Barley. Sarvyer's Field, 1925.

s.w.

Area of Plots
ft acre.

IIIIIIIV

B B C D D c

C D D C B

Total Weights in lb.

+
+

+

+

il C D

6rain

I
It
III
IV

r2?.251tJt.o
tt2(r\t295
122.75 123.0
rt7.25l to6.o

tir.25
131.0
136.25
t17.? 5

141
141
129

98.0
103.75
97.25
94.25

I 17.5
108.0
98.5

to,t_5

7t0.25
104.50

99.25
95.25

t09.0
t08.5
l08.0
102.0

Total 520.25 536 393.25 128 5 409.25 127.5

Summary oI Results

Averge Yield per Acre.
+

B c

-ll;^';.-l
+ +

D

Grarn, pounds ... ...
Straw, poutrds ... ...
Cr.itr, bushels ... ...
Stra'ur, cwt.
Grain, per c€nt. ... ...
SEaw, per ceDt. ... ..
Total produce, pouDds '..

2396
2448
46.08
2t -86

106.4
104.1
48{4

2@t
2680
50.02
23.93

1r5.5
I t,t.o

5281

1966
2t43
37.8r
t9-13
47.3
9t.t
4109

2046
2138
39.35
19.o9
90.8
90-9
4184

2352
43.32
2t _o

100.0
t0n.o
4&4.375

52.2
52.t

1.0
o.5
2.3

* The St idrd Effor is rot i! this .e of certai! vdiditv, blt is the b€st 
'vailable 

estioate'
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GREEN MANURING.
Oats (Grey Winter). Long Hoos, 1925.

Greea Maautes.

N.N.E.

Area of each plot oL,
")

o ),,,
")

oL
.)

ts C F D E

D E B c F

c F D E B

Actual Weight in lb.

r.rru. 
I """*a I 

r.rr"r"-f o"" v"r"t*-c..""r

Grain.

, {i
"{;rrrlSlo

55.0
49.5
42.5
5 r.5
47.5
49.5

59.5
62_O
46.0
540
455
54.5

51.5
50.0
43.5
50.0
4?.5
48.5

40.0
42.5
33.0
31_0
38.5
320

615
590
45.5
560
570
39.0

60.5
55.0
5l.0
59.0
51.0
51.5

Total | 2e5.5 | 321.5 | 2et.o

Strau.

3r8.0 328.0

, {i
"{f,
rrr { .'

lll.5
r09.5
81.0
86.0
79.0
86.0

l04.0
114.0
84.5
90_5
79.5
88.5

109.5
89.5
86.0
86.5
80.0
8{.5

87.5
15.O
59.5
61.0
67.5
60.5

r04.5
r08.0
99.0
93.0
97.O

110.5

lll.5
89.0

101.0
I04.5
81.0
86.0

Total s53.0 561.0 536.0 4ll 0 6t2_O 57J.0

Summary.

AEage Yield per Acre. F.l'.v.

Crain, pounds
Straw, pouDds ... ...
Grain, bushels ... ...
Straw, c$/t.
Grain, per cent. ... ...
Stra.vr, pcr cent. ... ...
Total produce, pounds ...

2462.5
4608
58.63
4t .t4
100.1
to2 2
?o7 |

2679.2
4675
63.79
4t.74
r08.9
t03.?
7354

4467
57.?4
.19.88
98.6
99.1
6892

1808.1
3425
43.O5
30.s8
73.5
?6.O
5233

3650
5lu)
63.r0
15_54
to7.7
t l3.t
7750

2733.3
4775
65.08
42.63
111.1
105.9
7508

2459.',)
4508.3
58.56
40.25
r00
t@
6968

82.1
158.8
1.96

1.4t8
3.34
tt,

. The Stan&rd Eror is nor in rhis Be of errain valiatitr, but isthe best.vailabte esrimare-
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CULTIVATION EXPERIMENT.

Sawyer's Field. Swedes, 1926.

S.W. ROOTS

SYSTEM or RtPlcaarox i Tripli@te
staDs. Plots lade.

S-pr€pared by Simar rototiller'
F-usual ihptemelts, fat @d bed.

N-Gurl iEpleDdts, sowo oD ridAes.

Nore,-Eacb slrip Pas Iif'ed id 6ve equal portions dd
the werBhl oI 4.b strip qas sepaElelv recorded

Actual Weight of Roots in lb. No. of Roots.

Summary.

Average Yield IEr Acre. S F N llean

Number oI Roots
Number per cent.
Weight in pounds
weight in tons ...
Weight per cent. ...

15784
rt9.47
21019

9.40
87.41

r3157
E).59
24747
11.05

t02.7(

10691
80.93
264+l
11.81

r09.83

13212
100

2408r
to-75

100

a2-69tg
I a.zzw
i902.780J
| 0.403c

I 3.750c

plot. .trltivare.l wilh tbe Simr imDlement show sioific.Dtlv Eore root3. but a lower vield
t," l.h;.iailall-a i oir;uhivalion iiintermediate in borh respects with rield not sicnificaorlv
less tl'o the ridge cnltiBtion.

F1
NT
s2-
F2
N2
S3
F3
N3

S F N Total S F N Total

I

3

553r
53+?
4909

6858
6066
563.{

647 5
7200
6160

18864
186t5
16703

3',724
403?
4081

3572 2877
2962 2507
3334 2642

10169
950C

1005?

Total 1578i 18560 1983i 3.tt82 11838 9S6E 802C 29't2(
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UNIFORMITY TRIAL.

Wheat (Red Standard). Sawyer's Field, 1925.

s-w.
PIotABCDEFGII

6

5

Area of each plot 4
.098 acre

3

2

I

Actual Weight in lb.

Plot
tb.

B
tb.

C
tb.

D
lb.

E
lb.

F
lb.

G
lb.

H
lb.

Total
lb.

Total Grain.

6
5
4
3

I

196.375
198.750
191.500
132.500

229.00
191.50
184.25
196.50
142.50
165.50

202.625
l',t2.500
206.37 5
t66.375
155.875
124.000

197.375
t47.125
1i3.250
166.625
86.750
72.OO0

170.a75
75.250
72.125

117.315
to3 _625
r03.500

\87.250
14t.250
73.250

113.750
140.750
r7r.000

202.250
r50.750
82.000
88.375

161.250
185.250

162.50
131.50
89.00

134.50
164.? 5
r97.00

1351.875
1206.250
1039.000
1177.UJ,
1088.000
r018.250

Total 779.t25 1109.250 1027 .i 50 805.r25

Total

| 642.750

;traw.

827.250 869.875 879.25 6880.375

6
5
4
3
2
I

253.0
252.O
248.0
170.5
205.s',

282.5
230.5
229.5
245.O
184.5
2r9.O

247.O
215.0
26i.5
211.5
200.5
171.0

252.0
200.0
r80.0
219.0
126.5
110.0

213.0
104.5
98.0

146.5
138.5
r16.0

229.5
192-O
99.5

151.0
I92.O
224.O

247 _0

r93.0
114.5
I14.5
229.5
253.5

200.00
174.00
t24 _00
180.50
22t.50
253 _00

1671.0
1562.O
1161.0
1516.0
1463.5
1366.5

Total 923.5 1391.0 1108.5 1087.5 836.5 1088.0 tt52.o 1153.00 8940.0

* ODe of the weighings of Plot Al was not recorded.

Summary.

,0. I cwr.

Average yield f,er a.re ...
Standard deviation

StaDalard ileviation per ceDt.

1526
65.2

I| 25.4
I r.09

+.2

1983 I 17.7
7?.o I o.os

3.9

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-1-84 pp 156

155

Sawyers Field.
UniformityExperiment, 1926. Swedes.

PirurB iE ordiury rta. = Actu.l wciSht of [3v€s in lb.
.. irali.s .. I{@ts ..
.. bavy typ€ = ., No. of Roots.

SUMMARY.

Plot B c D E F G H

6
613.5
3608
l7l6

601.5
3936
r6E9

816.5
.1372

l66t

899.0
,t,t88
1865

882.0
4,t64
1757

890.0
4436
lG74

182.5
,fi 20
lE{l

600 0
,to80
1550

604.5
,t228
t559

632.5
1.152
r655

634.5
4566
1667

84r.0
159.t
t87E

691.0
4443
1694

665.0
,1501

t 708

978.5
,t621
I5,O

4
600.5
.t056
t 507

599.5
3988
l59t

. 88
1554

568.0
4296
l52E

606.5
4327
1550

?94.5
4,r20
t596

741.O
4102
l4t0

762.5
tJ35
l{99

3
611.5
1056
1508

639.5
4016
t44E

718.0
3996
1502

?07.o
,t t06
l44t

676 0
,t292
t471

614.5
4108
1542

65+.5
3950
r407

130.5
tt28
l{8{

79t.5
4221
t4s7

147.5
416,1
l{18

683.0
,1228

l5l9

7t9.5

t4t2

?58.0
4276
1452

641.5
4001
l{3E

594.5
3956
l{ l0

613.5
.tot9
1562

1

478.0
38fi
1560

4t72
t5s2

568.0
.t019
139{

586.0
4279
1579

5t2.O
3547
IttT

49i -O

323t
1555

541.0
4113
1474

509.5
3807
155,1

Average Yield p€r acre ...
Standard Devia.tio[
Staodard Deviation per cetrt.

Roots
lb. I tons lb. I tons

Roots
No.

18.6
1.2

t1675 In%l
6.7

6700 | 3.0
rr00 | 0.{

16.4

15335
I179
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Laues Agricultural Trust
TRASTEES

The Right Hon. Earl Balfour, P.C., F.R.S.
J. Francis Masoo, Esq.

Sir J. B. Farmer, M.A., D.Sc., F.R.S.

COMM ITTEE OF M AN AGEMEN T
The Rigbt Hon. I-ord Clintoo, D.L., I.p. (Chairmon\,

Prof. H. E.4rmstroug, LL.D., Sir. David Prain, C.M,G,,M.A.,
D.Sc., F.R.S. LL.D., F.R.S.

(Vice-Chaitman). Dr. A. B. Rendlc, M.A.,
Sir J. B. Farmer, M.A., D.Sc., F.R.S.

F.R.S. (Trcasurcr). Dr. J. A. Voelcker, M.A., pb.D.
J. L. Luddiogtou, Esq. lV. C. Dampier.WhctLam,

Esq., F.R,S.
The Owner of Rothamsted, Amy I-ady Lawes-WittewroDge.

T he I ncorporated Society
for Extending the Rothamsted Experiments

7 he lrtlrose of this Sociebt is to collect ,rruch needed ftindtfor contiluinE
and exterrdirrg ,he tuorv ol ,he Rothan sted Station.

MEMBERS OF COUNCIL
His Grace the Duke of Devonshire, P.C., K.G., G.C.V.O.

(Chairman).

The Right Hon. Lord Clinton, D.L., l.P. (Vice-Chairman),

J. F. Mason, Esq. (Vice-Chairma.t).

Sir J. B. Farmer, M.A., D.Sc., F.R.S. (Treasuret).

The Most Hon, the Marquess Sir. W. S. Prideaux.
of Lincolnshire, P.C., K.G. Dr. A. B. Reodle, M.A.,

Sir F. \\r. Keeble, F.R.S. Sir \\'. Somerville, M.A.,
J. L. Luddington, Esq. D.Sc.

Prof. H, E, Armstroog, D.Sc,,
LL.D., F.R.S.

Sir David Prain, C.M.G., M.A.,
LL.D., F.R.S.

F.R.S.
T. H. Riches, Esq., M.A.

Esq., F.R.S.
J. Martin White, Esq.

Robert Mond, Esq., M.^{., Dr. J. A. Voelcker, M.A,,F.R.S.E. Ph.D.
Major J. A. Morrison, D.S.O. W. C. Dampier-Whetham,

Sir E, J. Russell, D.Sc., F.R,S. (Hon. Secretarg).

Batkcrs : Messrs. Coutts & Co,, 15 Lombard Street, E,C.3.

Auditots i Messrs. W. B. Keen & Co., 23 Queeu Victoria Street,
E.C.4.
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