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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:-
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_ _ 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
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Early (a)
Late (b)

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

l c\it.
2 c$_t.

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 3

27

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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