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THE RESULT OF THE LAST TWENTY
YEARS OF AGRICULTURAL
RESEARCH1

I proPosE to follow the example of my
predecessor of last year, in that the remarks
I wish to make to-day have to deal with the
history of agriculture. Unlike Mr. Middle-
ton, however, whose survey of the subject
went back almost to prehistoric times, I
propose to confine myself to the last quar-
ter of a century—a period which covers
what I may perhaps be permitted to eall
the revival of agricultural science.

Twenty-five years ago institutions con-
cerned with the teaching of agriculture or
the investigation of agricultural problems
were few and far between. I do not pro-
pose to waste time in giving an exhaustive
list, nor would such a list help me iIn
developing the argument I wish to lay be-
fore the section. It will serve my purpose
to mention that organized instruction in
agriculture and the allied sciences was al-
ready at that date being given at the Uni-
versity of Edinburgh and at the Royal
Agricultural College, whilst, in addition,
one or more old endowments at other uni-
versities provided courses of lectures from
time to time on subjects related to rural
economy. Agricultural research had been
in progress for fifty years at the Rotham-
sted Experimental Station, where the work
of Lawes and Gilbert had settled for all
time the fundamental principles of ecrop
production. Investigations of a more prae-
tical nature had also been commenced by

1 Section M: Birmingham, 1913. Address of
the president to the Agricultural Section of the
British Association for the Advancement of Sei-
ence.




530

the leading agricultural societies and by
more than one private land-owner.

In these few sentences I have endeav-
ored to give a rough, but for my purpose
sufficient, outline of the facilities for the
study of agricultural science twenty-five
years ago, at the time when the county
councils were created. Their creation was
followed almost immediately by what can
only be called a stroke of luck for agricul-
ture. The chancellor of the exchequer
found himself with a considerable sum of
money at his disposal, and this was voted
by Parliament to the newly created county
councils for the provision of technical in-
struction in agriculture and other indus-
tries.

Farmers were at that time struggling
with the bad times following the wet sea-
sons and low prices of the ’seventies and
’eighties, and some of the technical instruec-
tion grant was devoted to their assistance
by the county councils, who provided tech-
nical instruction in agriculture. Thus, for
the first time considerable sums provided
by the government were available for the
furtherance of agricultural science; and,
although at first there was no general plan
of working and every county was a law
unto itself, the result has been a great in-
crease of facilities for agricultural educa-
tion and research.

Almost every county has taken some
part. The larger and richer counties have
founded agricultural institutions of their
own. In some cases groups of counties
have joined together and federated them-
selves with established teaching institu-
tions. For my purpose it suffices to state,
without going into detail, that in practi-
cally every county, in one way or other, at-
tempts have been made to carry out inves-
tigations of problems related to agriculture.

Twenty years after the voting of the
technical instruction grant to the county
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councils, parliament has again subsidized
agriculture, in the shape of the develop-
ment fund, by means of which large sums
of money have been devoted to what may
be broadly called agricultural science. It
seems to me that the advent of this second
subsidy is an occasion when this section
may well pause to take stock of the results
which have been achieved by the expendi-
ture of the technical education grant. I
do not propose to discuss the results
achieved in the way of education, although
most of the technical instruction grant has
been spent in that direction. It will be
more to the point in addressing the Agri-
cultural Section to discuss the results ob-
tained by research.

The subject, then, of my address is the
result of the last twenty years of agricul-
tural research, and I propose to discuss
both successes and failures, in the hope of
arriving at conclusions which may be of
use in the future.

Agricultural science embraces a variety
of subjects. I propose to consider first the
results which have been obtained by the
numerous practical field experiments which
have been carried out in almost every
county. I suppose that the most striking
result of these during the last twenty years
is the demonstration that in certain cases
phosphates are capable of making a very
great increase in the crop of hay, and a
still greater increase in the feeding value
of pastures. This increase is not yielded in
all cases, but the subject has been widely
investigated, and the advisory staffs of the
colleges are in a position to give inquirers
reliable information as to the probability of
success in almost any case which may be
submitted to them. This is a satisfactory
state of things, and the question naturally
arises: How has it come about?

On looking through the figures of the
numerous reports which have been pub-
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lished on this subject, it appears at once
that in many cases the increase in live-
weight of sheep fed on plots manured with
a suitable dressing of phosphate has been
twice as great as the increase in weight of
similar animals fed on plots to which phos-
phate has not been applied. Now about a
difference of this magnitude between two
plots there can be no mistake. It has been
shown by more than one experimenter that
two plots treated similarly in every way are
as likely as not to differ in production from
their mean by five per cent. of their pro-
duce, and this may be taken as the prob-
able error of a single plot. Where, as in
the case of many of the phosphate experi-
ments, a difference of 100 per cent. is re-
corded, a difference of twenty times the
probable error, the chances amount to a
certainty that the difference is not an acei-
dental variation, but a real effect of the
different treatment of the two plots. The
single-plot method of conducting field
trials, which is the one most commonly
used, is evidently a satisfactory method of
measuring the effects of manures which are
capable of producing 100 per cent. in-
creases. It was good enough to demonstrate
with certainty the effects of phosphate
manuring on many kinds of grass land, and
it is to this fact that we owe one of the most
notable achievements of agricultural science
in recent years.

Another notable achievement is the dis-
covery that in the case of most of the large-
cropping varieties of potatoes the use of
seed from certain districts in Scotland or
the northern counties of Ireland is profita-
ble. This is another instance of an increase
large enough to be measured accurately 'by
the single-plot method. Reports on the sub-
ject show that seed brought recently from
Scotland or Ireland gives increased yields
of from thirty to fifty per cent. over the
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yields produced by seed grown locally for
three or more years.

That the single-plot method fails to give
definite results in many cases where it has
been used for manurial trials is a matter of
common knowledge. Half the reports of
such trials consist of explanations of the
discrepancies between the results obtained
and the results which ought to have been
obtained. The moral is obvious. The
single-plot method, which suffices to demon-
strate results as striking as those given by
phosphates on some kinds of pasture land,
signally fails when the subject of investi-
gation is concerned with differences of ten
per cent. or thereabouts.

Before suggesting a remedy for this state
of things it will be well to consider the
allied subject of variety testing, which has
been brought into great prominence re-
cently by the introduction of new varieties
of many kinds of farm crops. In testing a
new variety it is necessary to measure two
properties—its quality and its "yielding
capacity—for money-return per acre is ob-
viously determined by the product of yield-
ing capacity and quality as expressed by
market price. I propose here to deal only
with the determination of yielding capacity.
The determination of quality is not allied
to manurial trials.

In attempting to determine yielding
capacity there has always been a strong
temptation to rely on the measurement of
obvious structural characters. For in-
stance, in the case of cereals many farmers
like large ears, no doubt with the idea that
they are an indication of high yielding
capacity. Many very elaborate series of
selections have been ecarried out, on the
assumption that large grains; or large ears,
or many ears per plant implied high yield.

‘We may take it as definitely settled that
none of these characters is reliable, and that
the determination of yielding capacity re-
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solves itself into the measurement of the
yield given by a definite area. The actual
measurement, therefore, is the same as that
made in manurial trials, and is, of course,
subject to the same probable error of about
five per cent.

It follows, therefore, that it is subject to
the same limitations. Variety trials on
single plots, and that is the method com-
monly used, will serve to measure varia-
tions in yielding capacity of thirty per
cent., or more, but are totally inadequate to
distinguish between varieties whose yield-
ing capacities are within ten per cent. of
each other.

Numbers of such single-plot trials have
been carried out, with the result that many
varieties with yielding capacities much be-
low normal have almost disappeared from
cultivation, and those commonly grown do
not differ greatly from one another—prob-
ably not more than ten per cent.

Ten per cent. in yielding capacity, how-
ever, in cereals means a return of something
like 15 shillings to 20 shillings per acre—a
sum which may make the difference be-
tween profit and loss; and if progress is to
be made in manuring and variety testing
some method must be adopted which is ca-
pable of measuring accurately differences in
yield per unit area of the order of ten per
cent.

The only way of decreasing the probable
error is to increase the number of plots, and
to arrange them so that plots between which
direct comparison is necessary are placed
side by side, so as to reduce as much as
possible variations due to differences in soil.
Thus it has been shown that with ten plots
in five pairs the probable error on the aver-
age can be reduced to about one per cent.,
in which case a difference of from five to
ten per cent. can be measured with con-
siderable certainty.

Such a method involves, of course, a
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great deal of trouble; but agricultural
science has now reached that stage of devel-
opment at which the obvious facts which
can be demonstrated without considerable
effort have been demonstrated, and further
knowledge can only be acquired by the ex-
penditure of continually increasing effort.
In fact, the law of diminishing return holds
here, as elsewhere.

It appears, then, that for questions in-
volving measurements of yield per unit
area, such, for instance, as manurial or
variety trials, further advance is not likely
to be made without the expenditure of much
more care than has been given to such work
in the past. The question naturally arises:
Is it worth while? 1 think the following
instance shows that it is:

Some years ago an extensive series of
variety trials was carried out in Norfolk, in
which several of the more popular varieties
of barley were grown side by side at several
stations for several seasons. In all, the
trial was repeated eleven times. As a final
result it was found that Archer’s stiff-straw
barley gave ten per cent. greater yield than
any other variety included in the trials, and
by repetition of the experiment the prob-
able error was reduced to one and a half
per cent. The greater yield of ten per cent.,
being over six times the probable error of
the experiment, indicates practical certainty
that Archer barley may be relied on to give
a larger crop than any of the other varieties
with which it was compared. One difficulty
still remained. It was almost impossible to
obtain anything like a pure strain of
Archer barley. Samples of Archer sold for
seed commonly contained twenty-five per
cent. of other varieties. This difficulty was
removed by Mr. Beaven, who selected, again
with enormous trouble, a pure high-yielding
strain of Archer barley. Since this strain
was introduced into the eastern counties
the demand for it has always exceeded the
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supply which could be grown at Cambridge
and at the Norfolk Agricultural Station,
and it is regarded by farmers generally as
a very great success.

The conclusion, therefore, is that a ten-
per-cent. difference is well worth measur-
ing, that it can not be measured with cer-
tainty by the single-plot method, and that
it behooves those of us who are concerned
with field trials to look to our methods, and
to avoid printing figures for single-plot
experiments which may very well be mis-
leading. Almost every one thinks himself
competent to criticize the farmer, who is
commonly described as too self-satisfied to
acquaint himself with new discoveries, and
too conservative to try them when they are
brought to his notice. Let us examine the
real facts of the case. Does the farmer
ignore new discoveries? The largely in-
creasing practise of consulting the staffs of
the agricultural colleges, which has arisen
among farmers during the last few years,
conclusively shows that he does not; that he
is, in fact, perfectly ready to avail himself
of sound advice whenever he can. Is he too
conservative to try new discoveries when
brought to his notice? The extraordinary
demand for seed of the new Archer barley
quoted above, and for seed of new varieties
generally, the continuous advance in the
prices of phosphatic manures, as the result
of increased demand by farmers, the trade
in Scotech and Irish seed potatoes, all show
how ready the farmer is to try new things.
The chief danger seems to be that he tries
new things simply because they are new,
and he may be disappointed if those who
are responsible for the new things in ques-
tion have not taken pains to ascertain with
certainty that they are not only new, but
good. TFarmers are nowadays in what may
be called a very receptive condition. Wit-
ness the avidity with which they paid extrav-
agant prices for single tubers of so-called
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new, but inadequately tested, varieties of
potatoes some years ago, and in a less degree
the extraordinary demand for seed of the
much-boomed French wheats, and the
excitement about nitragin for soil or seed
inoculation. Witness, too, the almost uni-
versal failure of the new potatoes and
French wheats introduced during the boom,
and the few cases in which nitragin gave
any appreciable result. The farmer who
was disappointed with his ten-guinea tuber,
his expensive French wheat, or his culture
of nitragin can not but be disillusioned.
Once bitten, twice shy. He does not readily
take advice again.

Let us, therefore, recognize that the far-
mers of the country are ready to listen to us,
and to try our recommendations, and let
that very fact bring home to us a sense of
our responsibility. All that is new is not,
therefore, necessarily good. Before we
recommend a new thing let us take pains to
assure ourselves of its goodness. To do so
we must find not only that the new thing
produces a greater return per acre, but that
the increased return is worth more than it
costs to produce, and we must also define
the area or the type of soil to which this
result is applicable. This implies in prac-
tise that each field trial should confine itself
to the investigation of only one, or, at most,
two, definite points, since five pairs of plots
will be required to settle each point; that
the experimental results should be reviewed
in the light of a thorough knowledge of
farm book-keeping, and that acecurate notes
should be taken of the type of the soil, and
the area to which it extends, and of the
various meteorological factors which make
up the local climate. At present we are not
in possession of a sufficient knowledge of
farm accountancy, but there is hope that
this deficiency will be removed by the work
of the Institute for Research in Agriculture
Economics, which has recently been founded
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at Oxford by the board of agriculture and
the development commission. The excellent
example set by Hall and Russell in their
““‘Survey of the Soils and Agriculture of
the Southeastern Counties,”” an example
which is being followed in Cambridge and
elsewhere, seems likely to result in the near
future in a complete survey of the soils of
England which will make a sound scientific
basis for delimiting the areas over which
the results of manurial or variety trials are
applicable. ,

Reviewing this branch of agricultural
science, the outlook is distinetly hopeful.
New fertilizers are coming into the market,
as, for instance, the various products made
from atmospheric nitrogen. New varieties
of farm crops are being produced by the
Plant-breeding Institute at Cambridge, and
elsewhere. It is to be hoped that the work
of the Agricultural Economics Institute at
Oxford will throw new light on the inter-
pretation of experimental results from the
accountancy standpoint. Finally, the soil
surveys on which the colleges have seriously
embarked will assist in defining the areas
over which such results are applicable. It
only remains for those of us who are respon-
gible for the conduct of field trials to in-
crease the accuracy of our results, and the
steady accumulation of a mass of systematic
and scientific knowledge is assured. Itwill
be the business of the advisory staffs with
which the colleges have recently been
equipped by the board of agriculture and
the development commission to disseminate
this knowledge in practicable form to the
farmers of this country.

One more point, and I have finished this
section of my address. I have perhaps in-
veighed rather strongly against the publica-
tion of the results of single-plot trials. I
quite recognize that the publication of such
results was to a great extent forced upon
‘those experimenters who were financed by
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annually renewed grants-of public money.
Nowadays, however, agricultural science is
in a stronger position, and I venture to
hope that most public authorities which
subsidize such work are sufficiently alive to
the evils attendant on the publication of in-
conclusive results to agree to continue their
grants for such periods as may suffice for
the complete working out of the problem
under investigation, and to allow the final
conclusions to be published in some prop-
erly accredited agricultural journal, where
they would be readily and permanently
available to all concerned. This would in
no wise prevent their subsequent incorpora-
tion in bulletins specially written for the
use of the practical farmer.

So far I have confined my remarks to sub-
jects of which I presume that every member
of the section has practical experience, sub-
jects which depend on the measurement of
the yield per unit area. These subjects,
however, although they have received far
more general attention than anything else,
by no means comprise the whole of agricul-
tural science. Certain scientific workers
have confined their efforts to the thorough
solution of specific and circumscribed prob-
lems. I propose now to ask the section to
direct its attention to some typical results
which have been thus achieved during the
last twenty years.

The first of these is the development of
what I may call soil science. Twenty years
ago the bacteriology of nitrification had
just been worked out by Warington and by
‘Winogradski. The phenomena of ammo-
niacal fermentation of organic matter in
the soil were also fairly well established. The
fixation of atmospheric nitrogen by organ-
isms symbiotic on the leguminose had been
definitely demonstrated. Fixation of nitro-
gen by free-living organisms had been sug-
gested, but was still strenuously denied by
most soil investigators. No suggestion had




OcToBER 17, 1913]

yet been made of the presence in normal
soils of any factor which inhibited crop-
production. The last twenty years have
seen a wonderful advance in soil science.
Our knowledge of nitrification and ammo-
niacal fermentation has been much ex-
tended. The part played by the nodule
organisms of the leguminosz has been well
worked out, has seen a newspaper boom,
and a subsequent collapse, from which it
has not yet recovered. But the greatest
advance has been the discovery of the part
played by protozoa in the inhibition of
fertility.

The suggestion that ordinary soils con-
tained a factor which limited their fertility
emanated in the first instance from the
American Bureau of Soils. The factor was
at first thought to be chemical, and its pres-
ence was tentatively attributed to root ex-
cretion. Certain organic substances, pre-
sumably having this origin, have been iso-
lated from sterile soils, and found to retard
plant growth in water culture. It is
claimed, too, that the retardation they cause
is prevented by the presence of many ordi-
nary manurial salts with which they are
supposed to form some kind of combination.

Contributions to the subject have come
from several quarters, but whilst the sug-
gested presence of an inhibitory factor has
been generally confirmed, its origin as a
root-excretion and its prevention by manu-
rial salts has not received general confirma-
tion outside American official circles. The
matter has been strikingly cleared up by
the work of Russell and Hutchinson at
Rothamsted, who observed that the fertility
of certain soils which had become sterile
was at once restored by partial sterilization,
either by heating to a temperature below
100° C., or by the use of volatile antiseptics
such as toluene. This observation suggested
that the factor causing sterility in these
cases was biological in nature, that it con-
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sisted, in fact, of some kind of organism
inimical to the useful fermentation bacteria,
and more easily killed than they by heat or
antiseptics. After a long series of admira-
ble scientific investigations these workers
and their colleagues have shown that soils
contain many species of protozoa, which
prey upon the soil bacteria, whose numbers
they keep within definite limits. Under cer-
tain circumstances, such, for instance, as
those existing in the soil of sewage farms,
and in the artificial soils used for the culti-
vation of cucumbers, tomatoes, ete., under
glass, the protozoa increase so that the bac-
teria are reduced below the numbers requi-
site to decompose the organic matter in
the soil into substances suitable for absorp-
tion by the roots of the crop. Practical
trials of heating such soils, or subjecting
them to the action of toluene, or other vola-
tile antiseptics, have shown that their lost
efficiency can thus be easily restored, and
the method is now rapidly spreading among
the market gardeners of the Lea Valley.

I have attempted to sketch the chief
points of this subject with some detail in
order to show that strictly scientific work,
quite outside the scope of what some people
still regard as ‘‘practical,’”’ may result in
discoveries which, apart from their great
academic interest, may at once be turned to
account by the cultivator. The constant
renewal of expensively prepared soil which
becomes ‘‘sick’’ in the course of a year or
so is a serious item in the cost of growing
cucumbers and tomatoes. It can now be
restored to fertility by partial sterilization
at a fraction of the cost of renewal, and
considerable sums are thus saved by the
Lea Valley growers.

For my second instance of scientific work
which has given results of direct value to
farmers, I must ask to be allowed to give
a short outline of the wheat-breeding inves-
tigations of my colleague Professor Biffen.
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Even as late as fifteen years ago plant-
breeding was in the purely empirical hap-
hazard stage. Then came the rediscovery
of Mendel’s laws of heredity, which put in
the hands of breeders an entirely new
weapon. About the same time the Millers’
Association created the Home-grown Wheat
Committee, of which Biffen was a member,
Through this committee he was able to
define his problem as far as the improve-
ment of English wheat was concerned.
There appeared to be two desiderata: (1)
The production of a wheat which would
crop as well as the best standard home-
grown varieties, at the same time yielding
strong grain, 4. e., grain of good milling and
baking quality; and (2) the production of
varieties of wheat resistant to yellow rust,
a disease which has been computed to de-
crease the wheat crop of the world by about
one third.

The problem having been defined, sam-
ples of wheat were collected from every
part of the world and sown on small plots.
From the first year’s erop single ears were
picked out and grown on again. Thus sev-
eral hundred pure strains were obtained.
Many were obviously worthless. A few
possessed one or more valuable character-
isties: strong grain, freedom from rust,
sturdy straw, and so on. These were used
as parents for crossing, and from the prog-
eny two new varieties have been grown on,
thoroughly tested, and finally put on the
market. Both have succeeded, but both
have their limitations. Burgoyne’s Fife,
which came from a cross between straing
isolated respectively from Canadian Red
Fife and Rough Chaff, was distributed by
the Millers’ Association after a series of
about forty tests, in which it gave an aver-
age crop of forty bushels per acre of grain,
which milled and baked practically as well
as the best imported Canadian wheat. It is
an early-ripening variety which may even

SCIENCE

[N. 8. Vor. XXXVIII. No. 981

be sown as a spring wheat. It has repeat-
edly been awarded prizes for the best sam-
ple of wheat at shows, but it only succeeds
in certain distriets. It is widely and suc-
cessfully grown in Bedfordshire and Dorset,
but has not done well in Norfolk. The
other variety, Little Joss, succeeds much
more generally. In a series of twenty-nine
trials scattered between Norfolk and Shrop-
shire, Kent and Scotland, it gave an aver-
age of forty-four bushels per acre, as com-
pared with forty bushels given by adjoin-
ing plots of Square Head’s Master. It
originated from a ecross between Square
Head’s Master and a strain isolated from
a Russian graded wheat known as Glinka.
Its grain is the quality of ordinary English
wheat. It tillers exceptionally well in the
spring, and is practically rust-proof. Its
one drawback is its slow growth during the
winter if sown at all late. It has met with
its greatest success in the Fen distriets,
where rust is more than usually virulent.

The importance of this work is not to be
measured only by the readiness with which
the seed of the new varieties has been tried
by farmers and the extent to which it has
succeeded. The demonstration of the in-
heritance of immunity to the disease known
as yellow rust, the first really accurate con-
tribution to the inheritance of resistance to
any kind of disease, inspires hope that a
new method has appeared for the preven-
tion of diseases in general.

Biffen’s work too shows the enormous
value of cooperation between the investi-
gator and the buyer in defining problems
connected with the improvement of agricul-
tural produce. It is open to doubt if a
committee of farmers would have been able
to define the problems of English wheat
production as was done by the Millers’
Committee, and in the solution of any prob-
lem its exact definition is half the battle.
Mackenzie and Marshall in their work on
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the ‘‘Pigmentation of Bacon Fat’’ and on
the spaying of sows for fattening, have
found the great value of consultation with
the staffs of several large bacon factories.
There seems to be in this a general lesson
that before taking up any problem one
should get into touch not only with the
producers, but with the buyers, from whom
much useful information can be obtained.

I feel that Biffen’s work has borne fruit
in still another direction, for which perhaps
he is not alone responsible. Twenty years
ago agricultural botany took a very sub-
sidiary position in such agricultural exami-
nations as then existed. In some of the
agricultural teaching institutions there was
no botanist, in others the botanist was only
a junior assistant. It is largely due to the
work of Biffen and the botanists at other
agricultural centers that botany is now re-
garded as perhaps the most important
science allied to agriculture.

I must here repeat that I am not attempt-
ing to make a complete survey of all the re-
sults obtained in the last twenty years. My
object is only to pick out some of the typical
successes and failures and to endeavor to
draw from their consideration useful lessons
for the future. So far I have not referred
to the work which has been done in the
nutrition of animals, and I now propose to
conclude with a short discussion of that
subject. The work on that subject which
has been carried out in Great Britain dur-
ing the last twenty years has been almost
entirely confined to practical feeding trials
of various foods or mixtures of foods, trials
which have been for the most part incon-
clusive.

It has been shown recently that if a num-
ber of animals in store condition are put
on a fattening diet, at the end of a feeding
period of twelve to twenty weeks about half
of them will show live-weight increases
differing by about fourteen per cent. from
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the average live-weight increase of the
whole lot. In other words, the probable
error of the live-weight increase of a single
fattening ox or sheep is fourteen per cent.
of the live-weight increase. This being so,
it is obvious that very large numbers of
animals must be employed in any feeding
experiment which is designed to compare
the feeding value of two rations with rea-
sonable accuracy. For instance, to measure
a difference of ten per cent. it is necessary
to reduce the probable error to three per
cent. in order that the ten per cent. differ-
ence may have a certainty of thirty to one,
To achieve this, twenty-five animals must be
fed on each ration. Those conversant with
the numerous reports of feeding trials
which have been published in the last
twenty years will agree that in very few
cases have such numbers been used. We
must admit then that many of the feeding
trials which have been carried out can lay
no claim to accuracy. Nevertheless, they
have served a very useful purpose. From
time to time new articles of food come on
the market, and are viewed with suspicion
by the farmers. These have been included
in feeding trials and found to be safe or
otherwise, a piece of most useful informa-
tion. Thus, for instance, Bombay cotton
cake, when first put on the market, was
thought to be dangerous on account of its
woolly appearance. It was tried, however,
by several of the agricultural colleges and
found to be quite harmless to cattle. Its
composition is practically the same as that
of Egyptian cotton cake, and it now makes
on the market practically the same price.
Soya-bean cake is another instance of a
new food which has been similarly tested,
and found to be safe for cattle if used in
rather small quantities and mixed with
cotton cake. The price is now rapidly ris-
ing to that indicated by its analysis. Work
of this kind is, and always will be, most
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useful. Trials with few animals, whilst
they can not measure accurately the feed-
ing value of a new food, are quite good
enough to demonstrate its general proper-
ties, and its price will then gradually settle
itself as the food gets known.

Turning to the more strictly scientific
aspects of animal nutrition, entirely new
ideas have arisen during the last twenty
years. I propose to discuss these shortly,
beginning with the proteins. Twenty years
ago the generally accepted view of the role
of proteins in nutrition was that the pro-
teinsg ingested were transformed in the
stomach and gut into peptones, and ab-
sorbed as such without further change.
Splitting into crystalline products, such as
leucin and tyrosin, was thought only to take
place when the supply of ingested protein
exceeded the demand, and peptones re-
mained in the gut for some time unab-
sorbed. It is now generally agreed that in-
gested protein is normally split into erystal-
line products which are separately absorbed
from the gut, and built up again into the
various proteins required by the animal. If
the ingested protein does not yield a mix-
ture of crystalline products in the right
proportions to build up the proteins re-
quired, those ecrystalline products which
are in excess are further changed and ex-
creted. If the mixture contains none of one
of the products required by the animal, then
life can not be maintained. This has been
actually demonstrated in the case of zein,
one of the proteins of maize, which contains
no tryptophane. The addition of a trace
of tryptophane to a diet, in which zein was
the only protein, markedly inereased the
survival period of mice.

The adoption of this view emphasizes the
importance of a knowledge of the composi-
tion of the proteins, and especially of a
quantitative knowledge of their splitting
products, and much work is being directed
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to this subject in Germany, in America, and
more recently in Cambridge as a result of
the creation there of an Institute for Re-
search in Animal Nutrition by the Board
of Agriculture and the Development Com-
mission. This work is expected ultimately
to provide a scientific basis for the ecom-
pounding of rations, the idea being to
combine foods whose proteins are, so to
speak, complementary to each other, one
giving on digestion much of the products of
which the other gives little. Meantime, it
is desirable that information should be col-
lected as to mixtures of foods which are
particularly successful or the reverse.

Here the question arises, for what pur-
pose does the animal require a peculiarly
complicated substance like tryptophane?
The natural suggestion seems to be that the
tryptophane grouping is required for the
building up of animal proteins. It has also
been suggested that such substances are
required for the formation of hormones, the
active principles of the internal secretions
whose importance in the animal economy
has received such ample demonstration in
recent years. The importance of even mere
traces of various substances in the animal
economy is another quite recent eonception.
Thus it has been shown, both in Cambridge
and in America, that young animals fail to
grow on a diet of carefully purified casein,
starch, fat and ash, although they will re-
main alive for long periods. In animals on
such a diet, however, normal growth is at
once started by the addition of a few drops
of milk or meat juice, or a trace of yeast,
or other fresh animal or vegetable matter.
The amount added is far too small to affect
the actual nutritive value of the diet. Its
effect can only be due to the presence of a
trace of some substance which acts, so to
speak, as the hormone of growth. The
search for such a substance is now being

“actively prosecuted. Its discovery will be
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of the greatest scientific and practical
interest.

Evidently new ideas are not lacking
amongst those who are engaged in investi-
gating the role of the proteins and their
splitting products in the animal economy.
But of more immediate practical interest
is the question of the amount of protein
required by animals under various condi-
tions. It is obviously impossible to fix this
amount with any great accuracy, since pro-
teins differ so widely in composition, but
from many experiments, in which a nitrogen
balance between the ingesta and the excreta
was made, it appears that oxen remain in
nitrogenous equilibrium on a ration contain-
ing about one pound of protein per 1,000
Ibs. live-weight per day. All the British
experiments of a more practical nature have
been recaleculated on a systematic basis by
Ingle, and tabulated in the Journal of the
Highland and Agricultural Society. From
them it appears that increase of protein in
the ration, beyond somewhere between one
and a half and two pounds per 1,000 pounds
live-weight per day of digestible protein,
ceases to have any direct influence on in-
crease in live-weight. :

‘We may fairly conclude, then, that about
two pounds of protein per 1,000 pounds
live-weight per day is sufficient for a fatten-
ing ox. This amount is repeatedly exceeded
in most of the districts where beef produc-
tion is a staple industry, the idea being to
produce farmyard manure rich in nitrogen.
The economy of this method of augmenting
the fertility of the land is very doubtful.
The question is one of those for the solution
of which a combination of accurate experi-
ment and modern aceountancy is required.
Protein is the most expensive constituent of
an animal’s dietary. If the seientific inves-
tigator, from a study of the quantitative
composition of the proteins of the common
farm foods, and the economist, from careful
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dissection of farm accounts, can fix an
authoritative standard for the amounts of
protein required per 1,000 1b. live-weight
per day for various types of animals, a
great step will have been made towards
making mutton and beef production prof-
itable apart from corn-growing.

For many years it has been recognized
that an animal requires not only so much
protein per day, but a certain quota of
energy, and many attempts have been made
to express this fact in intelligible terms.
Most of them have taken as basis the expres-
sion of the value of all the constituents of
the diet in terms of starch, the sum of all
the values being called the starch equiva-
lent. This term is used by various writers
in so many different senses that confusion
has often arisen, and this has militated
against its general acceptance. Perhaps
the most usual sense in which the term is
used is that in which it means the sum of
the digestible protein multiplied by a factor
(usually 1.94) plus the digestible fat multi-
plied by a factor (usually 2.3), plus the
digestible carbohydrates. This, however,
gives misleading values which are too high
in concentrated foods and too low in bulky
foods, the discrepancy being due to the
larger proportion of the energy of the
bulky foods which is used up in the much
greater work of digestion which they re-
quire. Kellner and his school have devised
a method which measures the starch equiva-
lent by experiment, a much more satis-

factory and practical method than any

system which depends purely on calcula-
tion.

An animal or a number of animals are
kept on a maintenance diet so that their
weight remains constant. To this diet is
added a known weight of starch, and the
increase in weight observed. The animal
or animals are then placed again on the
same maintenance diet for some time, and
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then a known weight of the food to be
tested is added, and the increase in weight
again observed. The data thus obtained
indicate that so many pounds of starch
produce as much increase in live-weight as
so many pounds of the food under experi-
ment, from which it is easy to calculate how
many pounds of starch are actually re-
quired to produce as much increase in live-
weight as 100 1b. of the food under experi-
ment. The starch equivalent thus found
expresses an experimentally determined
fact which is of immediate practical value
in arranging a dietary, its value, however,
depending on the accuracy with which it
has been determined. Kellner and his col-
leagues have thus determined the starch
equivalents of all the commonly used foods.
Their values for concentrated foods, and
other foods commonly used in Germany,
have been determined with considerable
accuracy, and with the method which has
also been devised for defining the relation
between the experimentally determined
equivalent and the equivalent calculated
from the analysis by means of a formula,
they form by far the most reliable basis for
arranging a feeding ration including such
kinds of foods.

But roots, which form the staple of the
diet of fattening animals in Great Britain,
are not used on the same scale in Germany,
and Kellner’s starch equivalents for roots
have not been determined with sufficient
accuracy or under suitable conditions to
warrant their use for arranging diets under
our conditions.

This, and the fact that the term starch
equivalent is so widely misunderstood, is no
doubt the reason why the Kellner equiva-
lent has not been more generally accepted
in Great Britain. An advance will be made
in the practise of feeding as soon as the
starch equivalent of roots has been ‘accu-
rately determined under our conditions,
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when the Kellner equivalents will no doubt
come into general use.

I have now reached the end of my survey.
I recognize that it is very incomplete, and
that I have been compelled to neglect whole
subjects in which important work has been
done. I venture to hope, however, that my
words have not been altogether unprofita-
ble. It is somewhat difficult to summarize
what is in itself really nothing but a sum-
mary. Perhaps, however, I may be allowed
to point out once more what appears to me
to be the moral of the last twenty years of
work in agricultural science.

The many practical field and feeding
tests carried out all over the country have
demonstrated several very striking results;
but, if they are to be continued with profit,
more trouble must be taken to insure accu-
racy. Farmers are ready to listen. It be-
hooves us more than ever to found what we
tell them on accurate results.

Besides such practical trials, however,
much has been done in the way of individ-
ual scientific work. The results thus
obtained, as, for instance, Russell and
Hutchinson’s partial sterilization of soils.
Biffen’s new wheats, and Beaven’s pure
Archer barley, are of practical value to the
farmer as immediate as the most practical
field trial, and of far wider application.

T. B. Woop

THE ROYAL GEOGRAPHICAL SOCIETY

ANNOUNCEMENT has been made of the plaus
for the new session of the Royal Geographical
Society. The first of the ordinary meetings
will be held, as usual, in the Theater, Burling-
ton-gardens, on November 10, when Mr. Ray-
mond E. Priestley will give an account of the
work and adventures of the northern party of
Captain Scott’s Antarctic expedition, for the
conduct of which, under the most trying cir-
cumstances, it will be remembered Lieutenant
Viector Campbell was awarded a gold watch by
the society. At the next meeting, on Novem-




