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FOREWORD

Br- Srr. E. JOHN RUSSELL

Dircctor oJ thc Rotbaantcd Er?a;rrL.nral Etatior, Hatptadtt

Tnr papers presented herewith were read at a Conference at Rotham-
sted on 7th May, when the technical experts concerned in the carrv-
ing out of field experirnents assembled to describe rhe methohs
they are actually adopting.

The old method, involving the use of Iarqe sinqle ple15 ,1a..4
side by side, is simple and efieitive for the pur-pose oT d.-orrir"ting
known facts so long as the differences to be oiserved 

"re 
larse and

do not require to be expressed numerically. But it breaks diwn as
soon as accurate measuremeDts are needed, because it tales no accouut
of variatioqs in the soil, which are uow known to be considerable.

In the classical fields at Rothamsted Lawes and Gilbert had
two unmanured plots, one at each end of the series: thc yields
from these usually difierd by about ro per cent. The difieiences
lh5l were demonstrating weie, however,'much larger, so that they
felt safe-.in attlibuting their results to th. tr."t."n'tr.' ln tga6-a7
they split the Broad6alk plots lengthwise into t*o hal.,"s, li,hiJh
trom that time onwards were harvested separately I this was the
first duplication of field plots of which we 

"in 
finj 

"nv 
record. In

1,9!Z-+8 rna occasionally afterwards one half of each plot was treated
differently from the other, so that they ceased to be sirict duplicate.s.

Better duplication appears to have been practised bv p, i{i.lr"r,
the founder ,ir tle o".iiit experimental 

""il.r, ll"# ,i,;;;l;l:
expenments on grass mixtures for pastures. Some of the Norfolk
chamber of agricultural experiments' carried out in the later rggois
were systematicallf repeated thus: ABCD DCBA.
. Nothing more was done in this country till rqoo. In that vear
A. D. Hall, and somewhat later T. B. Wood, boih'urged the rieed
for estimating experimental errors in field work and n'"r. 

"oorori_ma-te methods for doing this. Somewhat later Dr. h. S.'l'."r.r,
ol Warminster designed his well-known strip method of replication
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6 TECHNIQUE OF FIELD EXPERII\{ENTS

specially suitable for variety trials and adopted by the National
Institute of Agricultural Botany ; it is described by Mr. S. F. Arm-
strong on Page 30.

The subject was taken up seriously at Rothamsted in r9r9 and
has been much developed since. In I9I9 Dr. R. A. Iisher applied
to the studl oI yariation an arithmetical analysis tnown as the analysis
of variance, which had the advantage over the ordinarl calculus
of correlations o{ 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 applied
the method to the Broadbalk wheat yields aud showed its value {or
measuring the efiect o{ distinct groups of causes. This investiga-
tion, however, showed the need for more exact methods for treating
the small number of cases, or samples, generally available in agri-
cultural investigetions. The first erample of an analysis of variance
in its modern forn was the eramination of the results of T. Eden's
expedment it tgzz ot the response of difierent potato varieties to
manures (Fisher and Mackenzie, Joun. lgic. Sri., I9z3). Some-
what leter, " Student " gave alternative prools by himself and by
Fisher of iormule appropriete to cereal variety erperimens. Thus
rigorous methods of statistical examination were elaborated.

The lext step was to develop a corrcspondingly rigorous field
techaique, and this was done by Dr. Fisher in co-operation with
T. Eden errd E- J. Maskell. The chief difrculty was to overcome
the efiects of the irregularities in the soil which hrd long been a

scrious stumbling-block to field experimenters,
Part of the irregularity or heterogeneity could be eliminated

by suitable arrangements of the plots, but there was a1wa1n an un-
tnown remainder of residual errors. It was showl that the statis-
tical analysis previously developed could eliminate the cfiects oI
soil irregularities and at the same time afiord a valid estimate of
the remaining errors, provided that the plots were sufficiently
replicated and deliberately randomised.

Dr. Fisher then devised various types of experimeuts to meet
the requirements of the statistical analysis, and tested these on the
results of uniformity trials so as to discover which were the most
accurate and convenient in actual working. Two types stood out
as satisfactory; raudomised blocks and the Latin square. The lao-
domised block is the simpler and the more easily adjusted to suit
the pecularities of the field and the crop. The experimental area

is divided into several strips or blocks, each of which contains one
plot of each treatmeqt, the arrang€ment being deliberately at randon
and determined not by selection, but by writing the PGsibIe arrange-
ments on separate cards, shuffling them, and drawing one out. Since
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TECHNIQUE OF FIELD EXPERIMENTS 7

one block is not directly compared with another, the difiereuces
in soil fertility between them are elimitratea; and since the auaDge-
ment within the blocls. has been eutirelT at random, the significance
of the results can be estimated-

The Latin square is the more accurate but less widely applicable
in fcrtiliser experiments, The plots are arranged with as maay
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 arraugements are possible, but the selection is
again deliberately at raudom and, as before, is ellected by the shuffiing
and drawing of cards, From the figures for yield, a standard error
is worled out which shows the degree of trustworthiness of the
result. A difierence in yieid equal to the standard error of this
difierence can be obtained about once in three trials, eyen when tbe
experimenter is cdnvinced that he has given exactly the same manuring
and cultivation to each of the plots, but a difierence twice this size
would be obtained by chance only once in twenty-two times: it
is therelore much more likely to be true. The chances against
the difierence in yield being due to causes other than the difierence
ln tteatment are :-

For difierence equal to its standard error
For difierence double its standard error
For difierence three times its standard error
For di{Ierence four times its standard error

3tor
22tOt

37o to I
I5,78o to I

For most agricultural purposes a phance of about 3o to I is good
enough. The " standard errors't fo! the yield values have to be
multiplied by r.4r4 (i.e. 1/z) in older to give the standard error
of the difierence between treated and untreated plots-the figure
one usually wants. To attain a probability of 3o to r, a difierence
must be roughly three times the standard error of the yidd.

Dr. Wishart (p. r5) shows how the results are to be worled out.
Our erperience proves that the methods are quite pracricable not
only on tie fields of the Erperimental Station but also on those of
ordiaary farms: Mr. Garner (p. 49) gives particula$ of the methods,
and Messrs. Lewis, Manson and Proctor (p. 37) show how to extend
them to coyer a series oI trials, I-arge numbers of these experiments
are now made, the numbers of plots in each ranging from t6 to t44,
Usual standard errors per plot on our presenr methods of good
working are:-
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8 TECHNIQUE OF FIELD EXPERIMENTS

USUAL STANDARD ERRORS PER PLOT FOR GOOD
WORKING

g'eiBhl ?." Acrc Pcr C.n . of Y;.ld
Rordoflis.il Lalifl Lalin Raidont-

Eloch, Squye Squar. iscd Bloch
o.7 tons o'4 tons 4'4 8'4
o.8 ,, 0.6 ,, 5.7 ro'2

o'7 ,, 5'7 ro'9
r.5 c\{t. r.3 c\a't. 5'6 9'r
r.g ,, 1.9 ,, 6.0 7'z2,,8

2 ,, 6

Potatoes
Sugar Beet: Roots

Tops
Barley : Grain

Straw
Oats : Grain

Strarv

The standard error preciselF measures the accuracy of the ex-
periment and it includes errors of working, inequalities due to vari-
able natural agencies, such as weather, birds, insepts, diseases, and
also soil variations within the individual plots, but not the lar'ge
variations between plot aod plot, which are eliminated by the method
of aranging the erperiment. It is not, however, an absolute measure,
since it depends to some cxtent on the size and arrangement of the
plots. Thus a standard error of o.4 tons per rcre of potatoes in a

Latin square experiment is not strictly comparable with a standard
error of o.4 tons in a randomised bloct experiment having more
plots. Nevertheless, it is a useful guide to the experimenter, as

showing the standard of performance he is attaining in his work.
The standard error is much the same whether the crop is large or
small, so that a heavy crop has a lower percentage error than a light
one.

There are several plots of each treatment, and the standard
error oI tJre final result is much less than the figures of errors per
plot; it is usually now at Rothamsted about z to 4 per cent. of the
mean yield.

In addition detailed observations are made on various Browth
factors; these are discussed by Mr. Watson on page 54.

These priaciples have been applied to horticultural experiments
by Mr. Hoblyn, who deals with the problem oD page 42.
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