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lions and cleanings necessarily ncs^lccled durini^- the War lia\c all

been completed.

The most important part of the reconstruction lias been llic

reorjjfanising- of the work of the Station so as to brino- it into touch
with modern conditions of at;riculture on the one side 'md of science

on the other. The purpose of the Station is to i^ain precise know-
ledge of soils, fertilisers, and the growing plant in health and
disease, and then to put this knowledge into such a form that

experts can use it. The work of the Station falls into two great

divisions—the soil and the healthy plant ; and the insects, fungi and
other agencies disturbing the healthy relationships and causing
disease. The two divisions are linkc^d up in many ways, and every
effort is made to find fresh relations between them. If farmers are

ever to avoid the very serious losses they now suffer from plant

diseases and pests, it will be by prevention rather than by cure.

The method adopted is to start from the farm and \york to the

laboratory, or vice versa. There are four great divisions in the

laboratory—the biological, chemical, physical and statistical

—

which may be regarded as the pillars on which the \yhole structure

rests. But the method of investigation differs from that of an
ordinary scientific laboratory where the problem is usually narrowed
down so closely that only one factor is concerned. On the farm
such narrowing is impossible ; many factors may operate and elimi-

nation results in conditions so artificial as to render the enquiry
meaningless. In place, therefore, of the ordinary single factor

method of the scientific laboratory, liberal use is made of statistical

methods which allow the investigation of cases where several

factors vary simultaneously. Thus in the crop investigations a

large number of field observations are made ; these are then treated

statistically to ascertain the varying degrees to which thev are

related to other factors— such as rainfall, temperature, etc.—and
to indicate the probable nature of the relationships. Thus the

complex problem becomes reduced to a number of simpler ones
susceptible of laboratory investigation.

It is confidently anticipated that this metliod will prove effec-

tive in bringing the full lielp of science to bear on the farmers'
problems.

REPORT ON THE WORK DONE
DURING 1918, 1919, and 1920.

THE function of the Uothamsted Experimental Station is ici

gain exact information about soils and the growth of crops

in health and disease. This information is indispensable

to the teacher, indeed witliout a basis of precise knowledge no
system of agricultural edu<'ation could possibly stand: it is needed

also by the advisory experts and by the expert farmer who w ishes

to improve on current good practice and secure better results than

his predecessors. It is, however, essential that the information

gained should be as correct as possible, and consequently every
precaution must be taken to guard against wrong results. Wrong
information has been responsible for many costly errors in the

p;isl : the deep drainage of the Tifties and 'sixties, the burying of
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the surface soil by steam tackle in the 'sixties and 'seventies, and
the waste arisini;- from improper use of manures and feeding" stuffs

In our own time, have involved the farming- communitv in losses
aniountini^ in the aj^j^res^ate to milhons of pounds sterlin<j, and
they could have been avcjided had more accurate .knowled^'-e
been axailabh'.

h is for thi> reason tliat the .Station is staffed with hig-hly

trained scientific \\orkers accustomed to critical examination for
the detection of errors and equipped with appliances capable of
i^ivinj^- very accurate results. The rapid development of g^cneral

science and eng"ineerins^- durinj^' the past tliirty years calls for a

corresponding- development of agricultural science so as to ensure
that the farmer should derive the full benefit of any new improve-
ments and at the same time be protected against proposed improve-
ments which, as a matter of fact, are of no advantage to him.

The farm on which many of these experiments are carried out
is the old Home Farm of Rothamsted—289 acres in extent—which
was taken over by the Experimental Station in 1911. It is bounded
on the south side by a wood, in which a certain amovmt of game is

preserved, and in every field there are large trees, which, while
adding to the picturesqueness of the landscape, detract from the
productiveness of the farm. The soil is a poor stonv clav (clav

with flints). Under good management and moderate manurial
treatment it is capable of yielding about 28 bushels of wheat and
barley, 32 bushels of winter oats, 25 tons of mangolds, 6 tons of
potatoes, and 10 tons of swedes per acre. Spring oats rarely

succeed by reason of the spring droughts, which also adversely
affect the yield of swedes. Clover is apt to make only moderate
grow th and to fail in patches over the field. The farm is thus one
where the cultivator sees more of the difficulties than the profits of
farming. It is, however, typical of much of the second rate land
of England, and, as experience shows, the experimental results

hold very generally throughout the country. For some time past
attempts have been made to reduce the cost of production and to

increase tlie vields.

POSSIBILITY OF REDUCTION IN COSTS OF
PRODUCTION.

Full accounts of expenditure* are kept and these,

analyzed, give the following results per acre :

—
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does it better, for it readily works to 7 inches while the horse
teams usually <;o only to 5 inches. The value of this additional
speed has been shown in the rate at which the sow ing^ of wheat over
the whole farm h:is been completed. In the old d;ivs of slow horse
culti\ations, sowinj^s could not be completed in October or

November, and there leniained always fields to be sown in

January or February, according as the weather allowed.
Since the advent of the tractor, however, the work has been pushed
well forward and tlie land has all been sown in November. The
dates of completion of sowing- are :

—
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Harvfe'st uf \\)ii iManj;old.s 18.', tons, potatoes (varieties 7-10 tons)

1915 Wheat (25 biish.), barley (40 bush.)

1916 Wheat (20 bush.), oats (38 bush.)

1917 Wheat (23 bush.)

1918 Clover (weedv— 1.1 tons)

1919 Oats (weedv)', stubble cleaned (62 busli.)

1920 Wheat ((-lean—32 bush.)

1921 Wheat (still clean)

111. COST OK WORKING.
Our experience up lo the jMesent is that the cost of workini;-

with the tractor is less than with horses. h"or the Titan the

lis^urcs for the cost of ploughing' an acre of land iiave been :

—

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-1-109 pp 7

13

It would be clifTicult, even if it were possible, to reduce the rate

of wages, but there is abundant room for an increase in efficiency.

The American estimates* are :

—

" K. I.. IJi.lli rlirlil, "'Ihr- FarnKT and the \(nv Ony." Ni\v VcrU, 1919, p. 9.

i:i"l'I( IKNCV OF Ar.RlCUI.Tt'RAI, WORRIERS.

United States 100

United King-dom ... 43

German V ... ... 41

France ... ... ... 31

Italy 15

The figures may not be absolutely accurate, but it is undeni-

able that the British worker falls far behind the American in

output. No British worker would admit that there need be so

great a difference as the figures show, even if any need exist at all.

The best hope for the future of the rural community is an increase

in efTiciencv of the worker sufficient to allow for a fall in cost of

production without a fall in wages.

The tractor greatly increases the output of the worker. Its

effect is shown by the figures for the following times of culti\ aticMi

of an acre of land measured or estimated on our farm :—

•

First Ploughing
Cross Plougliing

Cultivation

Rolling 10 acres

By
Tractor.

Titan

Austin

Austin

Titan
Austin

Titan

4 hours

—
' It

1 ).

1 „

5 „

P>y

Horses.

\\ days
7o hours

\o. of

Horses.

THE POSSIBILITY OF EASING THE WORK OF
CUPTIVATION.

The tractor is purely mechanical in its operation and consumes
fuel in exact proportion to the work done by the engine. It is im-

perative, therefore, that useless work should be avoided ;is lar as

possible. P'armers liave long known in a general way that certain

manures facilitate the \\(^rl<ing of the land, and we Jiave this year

begun measurements which we liope to develop, showing the

saving thus effected in energy, i.e., in fuel, oil and \\c:\y ;uul tear.

One of tjie most effective agents in ameliorating hea\y soil is

rhaik-. Since 1912 in se\er;il fields w t- liaAc h:i(I large |>lots of

chalked and unchalked land, each several acres in extent, rmd have

kept records of the vields obtained. Thesi' show improxemenl in

clover and barley, but not in potatoes, wheat, mangolds, etc.

Over a six course rotation there is less financial return tlian might

have been expected, though, of course, it is satisfactory so far as

it goes.

The ploughman always declared, however, that he could work
more easily on the chalked than on the unchalked land. No
measure of this difference couUl be obtained with horse iniplcnicnts.
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but it can be done with a tractor. The Hyatt Roller Bearins^s Co.

kindly Icnl us a reliablf iii^h-class dynamometer with which were
taken measurements for cross plou.^hinj.^ land previously ploujfhed

in autumn. These show that the effect of chalkiui^ is to increase

the speed of j)louii;^hing' and to reduce the draw bar pull on the three-

furrow plouiii^h bv no less than 2001bs.
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2001bs. of ammonium salts per acre, and the dressings were in-

creased up to SOOlbs. per acre. It was then found that the effect of

the last 2001bs. of fertiliser, i.e., of the increase from 600 to SOOlbs.

was very small and unprofitable, while the first 2001bs. had proved
distinctly useful. This is in accordance with the Law of Diminish-
ing- Returns. It was assumed, therefore, that the law held for

light as well as for heavy dressings of manure and a deduction was
made for which the evidence was rather slender, that a small
dressing of manure gave the largest rate of profit, while further
dressings gave a relatively smaller return.

Recent work, however, has disturbed this view. 2001bs. per
acre of ammonium salts is too large a unit for modern practice,

hence more interest attaches to the effect of the smaller than to the
larger dressings. Examination of the Broadbalk results shows
that the largest return is given, not by the first dressing, but bv the

second.

The conditions of an experimental field are not cjuite those of

practice, and accordingly a new experiment has been started to see
if under ordinary conditions of farming the highest rate of profit is

given by good rather than by small dressings of fertilisers. The
results of the first year (1920) suggest that this mav be so.

INCRE.VSE IX \VHE.\T CROP, 1920, FROM SPRING DRESSINGS OF
Sl'LPHATE OF AMMONIA AND SI PERPHOSPHATE (p. 79).
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five times our present agricultural consumption. Under present
conditions most of this is wasted, only a small portion finding its

way on to the farms. A new method of dealing with sewage has,

however, been devised bv Dr. Fowler and his assistants at Man-
chester, and has been carefully tested at Rothamsted by Messrs.
Ricliards and Sawver. It vields an " activated " sludge, contain-
ing- 6 or 7 per cent, of nitrogen and 4 per cent, of phosphoric acid,

much richer than any of the older sewage sludge, and of very
distinct promise as a fertiliser (p. 56). Moreover, no less than
15% of the nitrogen present in the sewage was recovered. Assum-
ing-, as seems permissible, the same percentage recovery elsewhere,
the g-eneral adoption of this m(Mhod ^^ ould add considerablv to the
supplies of organic manures.

An eiitirely new method of treating sewage has been evolved,
suitable for country houses, villages, etc., in which straw is used
and a manure akin to farnn ard manure is produced.

The phosphatic manures are of almost equal importance with
the nitrogenous fertilisers. Considerable attention has been
devoted to Basic Slag-, which during the War changed considerablv
in character, and is not likely to go back to the old pre-war
standard. A grazing experiment with sheep, :md a set of hay
ex[)erimenls on permanent and on temporary grass land, liave been
started to ascertain the value of modern slags and of mineral phos-
phates. In addition an elaborate series of pot experiments is in

hand to find out whether any constituent besides the phosphate is

of value and A\hether the ordinary- solubility test is sufficientlv

reliable to justify its retention. This work involves co-operation
with the steel makers, and in order to develop it fully a Committee
has been set up by the Ministrv, composed of steel makers and
agriculturists, under the Chairmanship of the Director.

Manures not only in.crease the crops ; they bring about other
changes. Phosphates improve root development, not onlv of

swedes and turnips, but of cereals also. The Botanical Staff under
Dr. \\\ E. Brenchley have shown that phosphates, nitrogenous and
potassic manures, all cause marked increases of root development of

barley, sodium nitrate whether alone or in conjunction A\ith super-
phosphate being particularly effi-ctivc. Tlie root svstem of wheat,
however, is less affected by nitrates or phosphates. Nitrogenous
compounds in reasonable aniount encourage earlv growth and help
the plaiit in case of insect attack, while the combination of a small
dressing of nitrogenous n-ianurc w ith a large amount of phosphates
has been shown to help cereal crops, particularly oats, to mature
more early in cold, wet districts. Potash increases the resistance cf

the mangold crop to disease and improves the sugar content of the
root. I"'urther, manures very considerably affect tlie composition of

the herbage in grass land. Potash and phosphates encourage
leguminous herbage and greatly improve the feeding qualit} of thr
herbage; nitrogen compounds encourage the grasses and largelv

increase the bulk of ha\- (p. 70 et seq.).

The effects of manures and cultivations on crop \-ields are bv
no means simple and straightforward. Every farmer knows the
variations due to season and weather conditions. And although
weather may never be controllable foreknowledge of its probable
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effects on the crops would be highly vaUuiblc. In order to study
these effects a Statistical Department has been set up, in uhicji

Mr. R. A. I'islier and his assistant, Afiss W. A. Mackenzie,
liave undertaken an analysis of the meteoroloj^ical conditions at

Rothamsted in conjunc^tion with the crop records since 1852.

thp: need of orcianic matter ix ihe soil.

Howe\er skilfulh artificial manures are used it is essential on
all ordinary farms to add org-anic matter to the soil, p'our wavs
have been invest is^ated for doini;' this.

1

—

FarDiynnl MLiiiarc.—Some 40,000,000 tons of farmyard
manure are made bv the farmers of the United Kin<^dom, but it is

estimated by Hall and X'oelcker that some 50% of the value is lost

through avoidable causes. Thanks to the generous assistance ()f

\'iscount Elveden, it has been possible to retain an expert chemist,
Mr. E. H. Richards, expressly for the purpose of studying- this

important question. Broadly speaking, the conditions to be

secured in the making of the manure are sufficient supplies of

nitrogen compounds and of air to allow the cellulose-decomposing
organisms to break down the straw. For the storing of manure,
however, it is necessary to have shelter from the rain and from
access of air. The best methods of securing these conditions

require working out for particular cases, which can be done after

consideration of all the local circumstances.

I'^ield experiments have shown that farmyard manure made
and stored under tliese conditions is of higher fertilising value than

the ordinar\- material—the crop being 10% or more beyond that

given b\- manure kept in the usual wav. An experiment has been
begun in w hich one lot of bullocks is kept in a covered yard and an

equal lot in <ui open yard, and the manure from both will be com-
pared. Dvning the War, when all sources of loss had to be

studied, and as far as possible stopped, the necessary conditions

were vigorouslv brought to the notice of farmers and Executive

Committees by the Food Production Department and the journal

of the Ministry of .Agriculture. Savings of several per cent, on old-

established practice are possible, and every per cent, saved would
mean in the aggregate some £200,000 at present prices.

A beginning has been made with a much more difficult

problem—the handling- of manure on a dairy farm. The conditions

here are very different from those on an ordinary mixed farm

where bullocks are fattened : it is desirable that the dung- should be

as little in evidence as possible and tliat the urine should be quickly

and com|-)letelv removed from the cow-sheds. So important is

this that it must t)C done e\en if loss be thereby incurred. Two
methods have been studied :—

(a) The solid excreta are removed and stored under cover and
out of access of air; the liquid manure is c(^llccted in a tank and
applied to temporar\ or pi-rmanent grass land and on tiie stubbles

prior to the root < rop.

This niethod is already in use on certain dairy farms, but when
\ careful examination was made a considerable deficit on the

nitrogen account was revealed : the liquid contained only about one-
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half of the nitrogen expected. The loss was traced to the hroken
straw and solid excreta which alw avs finds its way into the liquid ;

these bring- about an absorption of nitrogen compounds which
deprives the hquid of much of its value.

Further investigation of tliis absorpti(.)n is going on : il niav be

avoidable, in which case the value of the Hquid manure, alreadx

marked, could be enhanced still further. In case it seems to be

unavoidable, however, a scccmkI mcthc;>d of procedure is being-

studied.

(b) The solid is collei led as before, but the licjuid is allowtd
to run through straw under conditions which encourage the

absorption of nitrogen conij^ounds. By suitable arrangement the

straw increases in fertiliser value while the liquid loses pari of its

vahiable constituents, and can more easily be sacrificxnl.

This method is still in the initial stages, liut may proxe < f

considerable value. Mr. Richards is carrying out the laborator\

experiments at Rothamsted and the large scale experiments . t

Woking on Viscount F^lveden's Home Farm : he has applied it

also to the treatment of sewag-e from small installations.

2

—

Artificial fiiniiyui-J )>}a)iiii'c iviiilc -itutJiotif (initiials.—Few-

farmers are able to make sufficient farniyard nianure for their needs
and some diihcultv arises about the best m(;thod for utilising straw

.

Direct experiment shows that straw- is not a useful fertiliser; indeed

in many cases it depresses the crop. Once it is decomposed, how-
ever, it is of great \ahie both for its phvsi(\'il and chcnii(\'il

properties.

Laboratory work by Dr. Hutchinsoii and Mr. Clavton 1-iad

shown that the breaking down of the material of straw—the so-

called cellulose— is effected by organisms. One of these had
eluded all previous investigators, but the Rothamsted workers
succeeded in obtaining it in pure culture and in studving
it freely (see p. 42). In order that it mav decompose straw it re-

quires two conditions — air and soluble nitrogen compounds as

food. If either of these is missing it ceases to act. Moreover, il

will only attack cellulose ; it is unable to feed on sugar, starch,

alcohol or any organic acid yet tried, (liven, however, the neces-

sary nitrogen compounds and a sutficiencv of air, the micro-organ-
isms quickly decompose straw, breaking it down to form a black,

sticky material, looking very much like farmyard manure. This

has been investigated in conjunction with Mr. Richards (p. f)7)
;

further quantities are now being prepared for fertiliser tests.

3

—

The clover crop is very valuable, not onlv on account of the

hay, but also for the effect of its root residues on the next succeed-

ing crops. It is, however, one of the most difficult of the farm
crops to grow and few- farmers would claim that they could grow it

as frequently as they wished. The difficulty arises from the fact

that the plant depends for success on the activitv of certain bacteria

in its roots, and the conditions, therefore, have to be favourable

both to the plant and the organisms.

Experiment shows that the clo\er crop is improved in four

u avs :

—
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1—B\ improvements in the method of sowing' so as to

g'ive the seedling' a good chance of establishing

itself

;

2—By dressings of chalk
;

.S —By application of phosphates, and where necessary,

potash before sow ing
;

4—By the use of farmvard manure (p. 55).

In some of oiu' experiments the weights of the vtmng j)lanls at

the time of cuttinir the barlc\' were :

—

Weight oi ,,, . , , r
*' Weight of

voung
j^^'^jg

Clover plants. ,, ,
'

.

1,, . ' , Cwts. per Acre
Cwts. per Acre ^

Control . . . . . . 4..S 21.2

Slag and Lime ..... f-^.7 31.7

Super and Sulphate of Potash . . 11.2
j

^6.1
Farmyard Manure . . . . 10.3

|
^8.2

Super and Farmyard Manure . . ]5.f) ' 26.5

We are >iot at present able to explain altogether this action of

farmvard manure, but experiments in the bacteriological labora-

torv bv Mr. Thorntf)n indicate a special action of some of its con-

stituents on the nodidi' organism, and seem to foreshadow interest-

ing possibilities in the cidture of the legimiininis crops.

4

—

Gi'coi iiuniiiriir^-.—The difficult\' of making sufficient

farmvard maniue brings into prominence the need for green

manuring. .\ field experiment has been started and the necessary

laborator\- work is being initiated by .^fr. IF j. P-'g*.

-Vlthough the beneficial action of a plentiful suppl} of organic

matter in the soil is well known, precise knowledge of its mode of

action is lacking. Laboratory work on himius, commenced in 1919

by Mr. \'. .\. Beckley (p. 37), is being extended by Messrs. H. J.

Page and R. M. Winter. Refined methods for the determination

of ammonia .ind nitrates in soils have been devised by Mr. D. J.

Matthews, and are being used to studv the changes occurring in

the nitrogenous substances in the soil, especially after the applica-

tion of g-rcen manures.

THE POPULATION OF THE SOIL.
F.AUXA AND FLORA.

Every farmer knows the importance of organic manure in the

soil, but it is less generally realised that the effectiveness of the

organic manure depends on the activity of the soil organisms,

without which it wcndd be C|uite useless, and in some cases harmtul.

.Although the organisms cannot be seen bv the naked eye, thev are

present in all fertile soils in vast numbers and in extraordinary

variety. -An extended survey is therefore being made on definite

systematic lines with the view of learning as much as possible about

the soil population. No less than 10 workers are engaged on this

survey. Mr. D. W. Cutler, Miss L. M. Crump and Mr. H. Sandon

studv the protozoa; Mr. H. G. Thornton and Mr. P. H. H. Cray
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the bacterin
;
Dr. B. Muriel Bristol the aloae ; Dr. W. B. Brierlev

and Miss S. V. jewson the tunoi, Mr. H. M. Morris the insecis,
while till recently Dr. '1\ (ioodey studied the nematodes and Mrs.
Matthews the more «;eneral relationships. The ultimate aim of the
aj^rirulturist is to control this soil ])opulation in just tiie same \\;i\

as the animal breeder has controlled and developed tlie original
wild animals. But control is not possible \\ithout full knowledge
of what the organisms are, what they do and how thev live. It is

this knowledf^e which the scientific workers are i-ndeax-ourini^- lo

qfain.

The first tiiinj^" is to ascertain the numbers of c;ich kind iA
org-anism present in the soil under different natural conditions.
That is being done for bacteria and protozoa, and some strikini^-

relationships are observed. ,'\ new technique has been devised for

counting- protozoa and a new medium' for use in bacterial estima-
tions. As the organisms multipl} much more rapidlv than
larger animals it is necessary lo make the determina-
ticins frequently and regularly: counts of bacteria and 19

species of protozoa—(1 ciliates, 6 amcebae and 9 flagellates—are
now made daily at Rothamsted, and it is intended to continue
these for 365 consecutive davs and then to look for (corre-

lations with temperature, soil moisture, rainfall, etc. Two interest-

ing features are clearly brought out ; the numbers of bacteria var\-

inversely with the numbers of active amcfba?, and one of the
flagellates (Oiconiouds icniio Martin") shows a remarkable two
days' periodicity, its numbers being high one dav and low tlie next
without anv apparent external reason (p. 39).

I'^irther, an examination ^)\ ihe diaiii gauge rcsidts lias indi-

cated the existence o{ soil organisms cajiable of absorbing nitiTiles,

and thus competing with plants (]). 35). .Mgie have been found
which can do this, antl Dr. Bristol is investigating their mode < f

life and their function in the soil. Bacteria can also take up
nitrates. Large numbers of fungi liave been found in the soil, a.nd

are being studied bv Dr. Brierlev and Miss Jewson.
The insect aiv.i other inverlc hrate fauna has been studied b\-

Mr. H. M. Monis, who has taki'n samples each iilternate week
from the unmanured and the dunged ])lots on Broadbalk field.

P-a(ii sample contained 729 iiibic inches of soil : the whole was
thoroughly sifted and the animals identified and coimted. The
averaire results m ere :-

—

ToTAT, Nt'MI'.eks Per Acre.

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-1-109 pp 15

21

The distribution al the various tiejJths is shown in the follow-

ing' table of percentages of the total in each gr()U[) :

—
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are being' iiu estiijatcd in the Soil IMnsics Department under Mr.
B. A. Keen.

The factors are \ery complex, and ck)sely inler-related : imder
field conditions alteration in anv one almost always produces varia-

tion in most of the others.

Soil cultivation was developed into an art when animals were
the motive power on the farm. The chani»-e to mechanical power
is a fundamental one, and it is bv no means certain that the imple-

ments designed fcjr horse traction will prove most suitable for

mechanical traction. The studv of the methods and effects on the

soil of tractor cultivation has already begun at Rothamsted. The
various factors contributing to the resistance offered by the soil to

the ploug-h are being analyzed in order to disentangle those due to

soil conditions and those inherent in the design of the plough.

For purposes of this work it is necessary to obtain field ilata

on soil cultivation, and on the moisture and temperature relations

in the soil, from a diversity of soil types and imder varying climatic

conditions. The co-operation of various educational institutions

situated in the coimtr\ has been invited for the collection of the

required inforination, and arrangements have been made for

teachers to visit Rothamsted in order that they may become
familiar with the methods of observation.

Over much of England loss of water bv exajjoration

from the soil represents a serious st)urce of loss to farmers.

Investigations on thi*; subject have been made and are now
being extended to ditferent soil types and varying nianurial treat-

ment. The percentage of clay in the soil has a preponderating

influence on the rate of evaporation, while the manurial treatment

is responsible for minor differences in the rate.

Other studies deal with the surface effects associated with

clay particles, the method used being the absorption of certain

dyes from their solutions ; the effect of the clay fraction on various

physical properties of soils ; and the behaviour of the soil colloids

when in contact with different liquids. It has also been shown
that the experimental results obtained in America on the depression

of the freezing point of soil solution measured in situ, are capable

of quantitative investigation ; a definite relation holds ov-er a wide

range of moisture content between the " free " and " unfree "

water.

These results, together with earlier work in the laboratory,

have formed the basis of a general review of the relations existing

between the soil and its water content, which was published in

1920, and thev were incorporated, together with other material,

in a series of lectures on Soil Physics delivered in the University

of London, and now being expanded into a Monograph (p. 59).

A detailed examination of the meteorological data collected at

Rothamsted and their effect on the temperature of the soil has been

published (p. 47). Mateiial is at present being collected for a

discussion of percolation and evaporation under field conditions

and their relation to meteorological influences.

The investigation of soil acidity by physico-chemical methods
which was started by Mr. E. A. Fisher (see p. 48) is being con-

tinued by Mr. E. M. Crowther. A hydrogen electrode and potenti-
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ometer apparatus—the gift of Robert Mond, Esq.—is now being
set up, and the sources of error eUminated preparatory to a general
investigation of the nature of soil acidity.

•Many farms in the country are short of lime, but agricultural
advisers are often in the difficulty that they cannot tell a farmer
exactly how nuuh lime the soil needs : often, indeed, thev can only
say that he should apply between 10 cuts, and 2 tons per acre. Of
course, if farming were independent of cost, this vagueness would
not matter, but the delicate financial balance under which agricul-
ture has to be conducted leaves no margin for indecision between
10 cwts. and 2 tons. It is hoped that one result of these investiga-
tions will be to enable experts to give more definite advice than is

now possible.

During the period under review, two voluntarv workers have
assisted in the work of the department—Mr. \'. .\. Tamhane,
Soil Physicist to the Bombay Presidency, and Mr. H. Raczkowski,
of the Palestine Experimental Station.

SPECI.VL liNTOMOLOGICAL IN\ESTIG.\TIONS.

In addition x-j the important investigations on the insect and
other invertebrate fauna of the soil already dealt with on p. 20, the

Entomological Laboratorv has undertaken the following work :

—

(1) .\ study of the biological phenomena of Aphides. The
results are set out on p. 49.

(2) Chemotropism. Dr. A. D. Imms, in conjunction with

Mr. H. M. Morris, has extended his previous work (p. 48) on the

responses of insects to chemical stimuli. This property opens up
the possibility of controlling certain injurious insects which cannot
satisfactorily be dealt with by insecticides. The method of experi-

ment is to expose uniform amounts of various chemical substances

in a series of traps for a constant length of time and to identify the

species and the sex of the insects that respond.

(3) W'ireworrn investigations have been carried out by Mr.
A. W. Rvmer Roberts on the biological side, and in conjunction

w ith Mr. Tatiersfieid on the chemical side (p. 43)

.

(4) In view of the urgent necessity for systematising the sub-

ject. Dr. \. D. Imms is preparing an advanced text book of en-

tomology for the use of research students, which it is hoped to

i-omplete during the present year. .A. beginning has also been
made towards the formation of insect collections which will be

essential for purposes of identification and research.

(5) Insecticides. By common consent the subject of insecti-

cides is not well advanced, and efforts will be made to obtain much
needed fundamental knowledge. On the chemical side,

Messrs. Tattersfield and Roach have investigated Tuba root

(Derris elliptica) from which thev have extracted two crystalline

substances, some resins, an oil and an amorphous substance,

apparently a saponin. Of these the resins and one crystalline sub-

stance are toxic. Methods have been devised for comparing the

toxicities of these products, and also of different consignments of

the root. In addition a chemical method for evaluating the root

has been elaborated.
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MVCOLOGICAL DEPARTMENT.

This department was inslilutcd at the end of 1918 under the
charg^e of Dr. W. 13. Hrierley. .Vhliouo-h the continuity of work
during- the following- two years has been sadly interrupted hv
laboratory alterations, much has been accomplished. The main
investij^ations are summarised below

.

1—77/1' Soil Flora. TIu- micro-llora of the soil is being-

studied by Dr. Brierley, Dr. Muriel Bristol and Miss JcAvson. The
algae and fungi are isolated in pure culture and cultivated di vitro

on various food media under controlled and standardised condi-
tions. Their identity is deteniiined and a studv n-iade of their

physiolog^ical properties and their function in the soil econonn. A
Rothamsted nioiiogi-apii on " Soil l'\n-)gi and Algae " is in j)re-

paration.

2

—

Hie FiDif^al Species. Dr. Brierley is carrying out investi-

gations on the species concept in the fungi, this work being lA'

fundamental importance in order that fungi—in particular those
causing plant disease—may be accurately codified. Dr. Hender-
son Smith is employing standardised serological methods in the
elucidation of this problem, this technique supplying a series of
tests of a delicacy not yet obtained by chemical means. During
Dr. Brierley 's investigations a new form of Botrytis cinerea
appeared, and as this has important bearings on certain basic
concepts in biology it has been fully studied (p. 51).

3

—

The Killiiio of Fidi^j^hI Spores. The greater part of reme-
dial treatment in plant disease depends on the killing of fungus re-

productive bodies by toxic agents. Such treatment is empirical
for there is little knowledge of the exact relations between spores
and poison. Dr. Hendersoii Smith is studying this problen-i in

detail and has thrown much lig-ht upon the fundaniental nature of

the disinfection process (p. 52).

4

—

Wart Disease of Potatoes. This investigation is being-

carried out by Dr. Brierley and Miss Cilynne by the aid of a special

grant from the Ministry of Agriculture and Fisheries. Laboratory
work is done at Rothamsted and methods are being devised to

extract Wart Disease sporangia from infested soil, to evaluate the

toxic effect of che leal substances upoii the sporangia and to test

the viability of thic'.J^-orangIa i}i vitro after treatment. Glassiiouse

and field trials ar<jVarried out at Orniskirk, where experiments oii

soil sterilisation, alternative hosts, manurial, cultural and other
treatment are in progress.

5

—

Bacterial Blackneck <>j I'omato. Professor K. Xakata, cf

the Kyushu University of Japan, is investigating this disease, par-

ticularly from the point of view of its production by means (f

bacterial extract.

During 1920, Dr. Brierley represented Great Britain at the

.American Phytopathological Coiigress, and subsequently spent

some months visiting educational and research institutions and the

various regions of agricultural and biological importance in Canada
anfl the United Stales.
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WAR WORK AT RO THAMSTED.

Sonu- of iIk- problems dealt with at Rothamsted during- the
War we'-c described in the last Report (1914-1917). A connected
account is now i^ixen so as to complete the record.

During- the fust year of the War (1914-15) verv little direct
War work was done at Rothamsted. Food was still coming into
the country in large quantities and there was no great interference
with food production at home. Supplies of fertilisers and feeding
stuffs were ample. There was, however, fear of unemployment,
and three schemes were examined at the request of the Board of
Agriculture with the view of ascertaining whether thev could use-
lully emi^loy any considerable number of men, and if so, whether
they would contribute to the national profit. These were a pro-
posed development of Foulness Island in Essex, the suggested
afforestation of the spoil heaps and pit mounds of the Black
Country, and the reclamation of Pagham Harbour in Sussex.
None of these schemes was further developed, though two of them
—the planting- of the spoil heaps in the Black Countrv and the
reclamation of Pagham Harbour—possess aspects of permanent
interest. The spoil heaps are useless and unsightlv ; thev can.

however, be planted \\ith trees, when they take on a verv different

appearance, as shown by Reed Park, Walsall. .Mthough the

financial returns may not be great, the improvement in the ameni-
ties of the district would be ccjnsiderable. The proposition is not

agricultural, however.

The most important work began in 1916 when the food situa-

tion gave cause for much anxiety. The position was really very

serious. The submarine menace was looming before us, terrible

in its unfamiliarity, conjuring up visions of food shortage, if not oi

starvation : the only way out of the situation seemed to be the

production of our own food in our own country. At the time we
w ere producing only one-half of our total food—the remainder was
coming from abroad. When the list was examined in detail the

position was found to be more serious than it looked. The food

jjroduced at home included more of the luxuries than of the essen-

tials ; it included, for instance, the whole of the highest quality

meat, but onlv one-fifth of the bread. The farmer was therefore

called upon to perform a double task—he had to produce more food

and different food; to give us, not one loaf out of every five that

we eat, but three or four out i)f every fi\e, and to do this without

causing too great shortage of milk, meat, and if possible, beer.

The situation presented many difficult administrative, financial and

technical problems. The technical problems involving soils and

fertilisers were dealt with at Rothamsted.

The fertiliser problems arose out t)f the necessity for making
the very best use of the limited stocks of the ordinary fertilisers to

which the farmer was accustomed, and of examining any and every

substitute that promised lielp in eking out the supplies. Fortun-

atelv, a good deal of information could be draw n from the Rotham-

sted and other experiments as to the best way of using fertilisers

on particular crops. This was systematiseil and put in ordi-r in a

little handbook called " Manuring for Higher Crop Production,"
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issued at a cheap price by the Cambridi^e University Press, so that

farmers could readily obtain it. In addition, each month a series

of Notes was issued in the Ministry's Journal showins^ how the

available supplies miq^ht best be utilised.

It \\a> more diHicull, however, to give useful information

about the substitutes thai would be needed when the fertiliser

supplies became too much reduced. Ordinarily, fertiliser trials

ijave to be continued for two or three successive seasons before a

definite opinion can be expressed on their merits : during- the War.
however, some sort of opinion had to be given in three or four

weeks. Rapid methods of laboratory testing were therefore de-

veloped : growing seedlings were used to indicate whether (as not

infrequently happened) toxic substances were present: rates cf

nitrification in soil were determined to find out how far the sub-

stance would yield nutrient material to the plant : farm crops were
kept growing in pots to afford opportunities of testing any
material that seemed promising. A considerable number of possi-

ble fertilisers were sent in for examination by the Food Production
Department , the Board of .Agriculture, the Ministry of Munitions,

the National Salvage Council, and other bodies.

.Much of the inforniaiion was wanted for the purpose of

economising sulphuric acid, so that the maximum quantity might
be handed over to the Ministry of Munitions for the manufacture of

explosives. In Peace time, the farmer had been the chief consumer
of sulphuric acid ; in 1917, however, the Ministry of Munitions were
requiring all the acid they could find and were leaving much less

than usual for the fertiliser manufacturers. The situation was
serious : in pre-war days the farmer had required 870,000
tons of chamber acid per annum (equivalent to 580,000 tons of

pure acid), and the extra food production programme was calling

for even more than this. But the Ministry of Munitions was
obdurate, and supplies were cut down at a rate which seemed to

some of the more nervous to threaten a very serious situation : the

production of sulphate of ammonia fell from 350,000 tons per

annum to little over 250,000 tons, while that of superphosphate
fell from 800,000 tons to 500,000 tons per annum.

Fortunately, a partial substitute for sulphuric acid was avail-

able in the form of nitre-cake, and although no fertiliser manufac-
turer liked it or had a good word for it, it seemed as if it might
have to be used extensively in the manufacture of superphosphate
and of sulphate of ammonia. Important and difficult technical

problems were involved both at the factory and on the farm,
necessitating a considerable amount of experimental work.
Thanks to the co-operation of the manufacturers, working solutions
of the difficulties were found, and there is little doubt that both
sulphate of ammonia and superphosphate could have been made
from nitre-cake had the necessity arisen. Fortunatelv it did not,

and the situation was eased before it became too serious.

A considerable amount of work was also done in the examina-
tion of new sources of potassium compounds to take the place of

the Stassfurt salts which had previously been our sole source of

supply. A certain number of residues from manufacturing
processes were available, but in the main they suffered
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from one or other ol" two dflects : very low content oi potash
likely to be useful to the plant, or the presence of toxic substances.
After much sorting- out of possible materials, it appeared that
certain blast furnace tUie dusts would prove suitable, and accord-
ingly tlie Food Production Department took steps to make the
necessary arrani;ements for distribution among- farmers. Consi-
derable quantities were used, often with distinct advantage.

liix esiigati(Mi was also made into the possibililv of using' to

belter advantage tlie farm\ard manure produced on the farm.

At the conclusion of tin' Armistice there were vast stocks of

explosives in hand, and Mr. Churchill set up a small Committee,
under the late Lortl Moulton, to devise means of disposal. The
Director was ai^pointed to serve on this Committee and much work
was done at Rothamsted to test the possibility of converting' sur-

plus explosives into fertilisers. The case of ammonium nitrate

was satisfactorilv dealt with (p. 54), but cordite, T.N.T., and
other explosives presented more difficulties. .Means were devised

for preparing- nitrate of lime from cordite, but there was a loss of

25% of nitrogen and a poisonous impurity (oxypyruvic acid) was
always present ; this, Iiowever, could no doubt have been satisfac-

torily eliminated had the experiments continued. The difficulty

was caused not by the nitro-glycerine but by the nitro-cellulose.

T.N.T. proved more diificult to convert into fertilisers, and other

means of disposal were adopted.

In addition, work was carried out in connection with tiie

ag^ricultural development of the Belgian Cong-o, which H.M. the

King of the Belgians recognised by conferring upoii the Director

the Order of the Crown of Belgium.
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