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PREFACE

The yield gap that exists in crop and animal productivity
between Experimental Stations and farmers fields in the Eastern
Caribbean is currently exercising the minds of both agro-biological and socio-
economic researchers in CARDI. CARDI ‘s approach to agricultural research
in the sub-region is based on its experilence in attempting to concentrate
its limited human and physical resources on finding solutions to the numerous
biological, social and eeonomic constraints that affect small and medium

size farm households.

CARDI's Farming Systems Fesearch and Development methodology lays:
particular emphasis on On-farm Experimentation at several stages, viz:
1) On-Farm Production Systems Analyses,
2) On-Farm Validation with Farmer Control and extensive
supervision
3) On-Farm Testing with researcher control and supervision:

4) Applicabiliry testing with Farmer Control and supervision.

Thke needs of all these various On-Tarm Testing Schemes vary because
objeciives are different, thus necessitating varying design management

and analysis considerations.

Since On-Farm experimentation is fundamental to CARDI's Farming
System Research and Development methodology it follows that for success
On-Farm expcriments must be carefully planned and managed. Close
collaboration with farmers and extension agents is also vital. However,
none of these is sufficient unless the experimental designs are efficient

and well conceived.

The nature of most small farms . in the Eastern Caribbean - small
size, prevalence of steep slopes, complexity of the farming systems -
makes On-Farm Experimentation difficult and certainly far more difficult
than traditional Field Station Experimentation.
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This Manual provides guidelines that should enable both Country
Teams and Technical Specialists to design. plan, manage and analyse
On-Farm Experiments. The Manual stems basically from the experiences
gained in the design, management and analysis of On Farm Experiments in
the Eastern Caribbean. The Authors, Dr. John Hammerten, Technical Co-
ordinator (Windward Islands) of the USAID funded Farming Systems Research
and Dev:clopment (FSR/D) Project and #r. Bruce Lauckrner, Biometrician at
CARDI Headquarters, Trinidad, must be commended for their efforts in pro-
ducing the Manual. It is hoped that the Manual will be of tremendous
benefit to the scientists conducting On-Farm Experiments in the FSR/D
Project as well as those others in the region interested in thils approach

to agricultural research and development.

CAL1XTE GEORGE
Project Manacger

Farming &y stems Research and Development
Project #538-0099.
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CHAPTER 1 INTRODUCTION

On-farm experimentation is basic to Farming Systems Research and
Development (F3R/T). In CARDI's FSR/D methodology (Fig.l) on-farm
experimentation is carried out at four steps in sequence of activities
leading to the transfer of improved technologies These steps are -

- On-farm Production Systems Analysis (Step 5) which includes
exploratory experiments and technology screening. At this step the
number of treatments in an experiment may be relatively large. These
experiments are very much under the control of the researcher.

- On-farm Testing of Alternatives (Step 9) compares those
technologies and components evaluated in steps 4 to 7. Design and
synthesis of components is done at step 8. The number of treatments
at this step is likely to be small, and to include a farmer practice
control treatment. These experiments are also under the researcher's
control, but with the farmer's active assistance and participation.

.-On-farm Testing with farmer control (step 10) is likely to have no
more than two treatments - farmer practice and one alternative
selected from those tested &t step 9. These tests are supervised
by Extension Officers  but the researcher must be responsible for
general oversight and for planning. treatment specification and the
design of data collection.

- Applicability testing (step 11) may or may not involve experi-
mentation an improved technology may be advocated as a replacement
for the farmer's traditional technology. or a farmer imvolved in
steps 9 and 10 may decide to adopt this improved technology.

Thus it is likely that the number of treatments to be tested will
decrease as work progresses from step S to steps 9, 10 and 11.
Experimental designs eill accordingly become simpler.

The FSR/D} approach to technolopy generation does not preclude
Field Station and laboratory research - as Fig. 1 demonstrates.
These types of research arc complemen:zary to, and supportive of, on-
farm research. Some types of research are unsulted to on-farm
experimentation: examples are varietal screening, livestock feeding
trials with several rations and/or regimens, and the screening of
pesticides to cvaluate efficacy, optimal frequency of application and
rates and so on.

It should be noted that Field Station research does not necessarily
require the physical facility of a field station. Such research can be
done on a farmer's land‘ it is the single site, the total control
exercised by the researcher and, usually, the emphasis on a commodity
and/or a discipline or a technology component that distinguishes field
station - type research from on-farm research.

.
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Most researchers arc familiar with at least a few experimental designs
appropriate to field station research, the techniques for managing and
corducting such experiments, and the basics of data analysis. On-farm
research uses the same designs. techniques and methods of data analysis,
but there are problems peculiar to such research, and designs. which are
not commonly used 1n field station research but may be appropriate to
on-farm rer-~erch. These problems and designs form the subject matter
of this rrnual. '

This manual is intended to stimulate thought, to encourage
imaginative plannirg of experiements, and to avoid i1nadequate experimenta-
tion arising from ignorance of appropriate designs and the relevant
avalyses. Tt does not purport to provide definitive solutions to all the
problems discussed, nor does it consider such topics as farm surveys,
farm studies or island studlies, although these steps are important
comnonents of the CARDI FSR/D methodology (Fig.l) .

Section 2 describes the main types of degign likely to be useful. It
ircludes some worked examples and discusses the pros and cons of the various
designs, and some related topics such as replication and variability.

Section 3 poses some of the problems that can arise in on-farm
experimentation without offering solutions. Some possible solutions are
suggested in Section 4.



CHAPTER 2. TERMINCLOGY AND EXPERIMENTAL DESIGNS

This section defines the terminology of experimentation, and
discusses those experimental designs appropriate to on-farm research.

2.1 Terminology

Experiment refers to the entire sect of plots of a single investiga-
tion. An experiment comprises a minimum of two treatments.which are
regllcated or repeated. Treatments are allocated to individual plots
in some organized random fashion. and plots arc arranged in blocks,
except in the completely randomised design. This design is not suitable
for on-farm experimentation however. Each block may comprise a
complete replicate or set of treatments, when it is a complete block.
Alternatively, plocks may comprise subsets of the treatments, when they
are known as incomplete blocks, so that more than one block is necessary
to make up a single replicate. In some designs blocks may contain more
plots than there are treatments, with one or more treatments allocated
to two or more plots in each block.

On-farm experiments may be sited on a single farm or distributed
over scveral farms. The first arrangement of course is equivalent
to a field station experiment, except that the blccks may be sited on
different parts of the farm, and problems of the designs and management
of this type of experiement will not be ‘further discussed.
: o Where an experiment 1is
spread over several farme, individual farms may accommodate one or
more complete or incomplete blocks.

Decisions as tc the "best’ design for an on-farm experiment must
take into account the number and nature of the cxperimental treatments,
the availability of land suitable for experimentation on the participating
farms. and the resources - expcclally of manpower - available. It is a
basic principle that plots within blocks be as uniform as possible - with
respect to slope, soil texture, w:ediness, plant number (except where this
is a treatment variable) plant height and girth and so on, so that block
size ~ the number of plots per block - 1s ofter a major factor determining
appropriate designs. Flots within blocks need not be contiguous, and
blocks can differ with respect to the above, and other, characteristics.



2.2, Tart oaiezd Complete Block Designs

“he completely randomised design is the simplest, Treatments are
rerlicetci but allocated at random to the total array of plots. Such

1

a cuzign Is appropriate only where all the plots are uniform. Clearly
thisz coudition will not be met where plots are spread over a number of
aris., In such a case it is essential to take account of the expected

ciffiorences between farms.

The cimplest design for on-farm experimentation is therefore the
rancomised complete block design (RCB), with one (complete) block per farm.
Flg. 2 gives an example with four treatments (g - d) and elight farms.

The analysis of variance is straight-forward, and the apportionment of the
cegreas of freedom (4 £.) 1s as follows , where b = number of blocks and

t = numbor of troatments. With one complete replicate per block, the
number of replicates (r) equals the number of blocks and the number of forms.
A significant difference for blocks in the analysis of variance therefore
indicates a significant difference between farwms-

Blocks (b - 1) = (r 1)
Treatments (t -1
Error (b -1)(t-1) = (r -1)(e-1)

Total (bt -1) (rt-1)

]




Fig. 2 A randomised complete block (RCB) design with one complete
replicate per block. There are four treatments (a-d)
and one block per farm on eight farms. Note the
variations in block shape and non-contiguity of some plots
in some blocks.
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A variation of this design 1s to have two (or more) complete replicates
per block. This design could be used where it 1s possible to find blocks
of uniform plots such that the number of plots is twice, or some multiple
of, the number of treatments. Fig. 3 gives an example of such a design,
where t = 3, b =4 and r = 8. The analysis of variance would be as shown
above, but the divisoxrs in the calculation of the sums of squares for treat-
ments would be.r and not b as would be the case with only one complete
replicace per blocki  This variant is unusual, and unlikely to be
imporzant., More likely to be useful and practicable is two complete blocks
per farm ( see 2.8).

A randomised complete block experiment with only two treatments
(i.e. two plots per block) can be analysed by a paired t - test.
Equally an on-farm experiment with only two treatments - a comparison
of a new technology against farmer practice at step 10 for example - can
be decipned as a paired t-test comparison with two plots per farm on a
large number of farms. Such an analysis is not appropriate if there is
more than one replicate (i.e. pair of plots) per farm (see 2.8)

Table 1 gives an example of a paired 't' test for a hypothetical data
set. The menn difference , D, is divided by Ss , the standard error of
the mean difference, to calculate 't', with n-1 d.f., where n = number
of pairs. The data have also been analysed by analysis of variance. Both
"t' and F are highly significant in this instance.



Fig. 3. A randomised complete block -(RCB) with two complete
replicates per block. There are four treatments
(a -~ d) and four blocks, one per farm. Note the
variations in block shape and non-céntiguity of some

plots.
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Note:this is distinct from the more usual and more useful design with two
complete blocks per farm.
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Table 1. A paired 't’ test from a hypothetical experimant with

11 pairs of plots. (or 11 blocks of two plots). The
two treatments are a and b.
== v f =
Pair l D t test
a (b ~ a)
. B
1 7.3 | ¢.8 2.5 t = D
2 5.8 7.7 } 1.9 s
3 6.1 9.4 3.3 D
4 8.3 10.2 | 1.9 g ) SD/ o
5 9.9 14.3 4.4 D N
6 6.8 6.5 2.0
7 8.2 11.3 3.1 SD ="/ £D2 _ (fD)Z/n
8 9.1 12.5 3.4
9 11.0 12.9 1.9 no- 1
10 8.9 12 0 3.1 n = number of pairs
11 10.5 15.3 4.8 SD y
= 105.15 - 94.84
Total 81.9 124.2 32,3 10
Mean 8.35 11.29 2.94 = 1.0154
55 = 1.0154
J 11
= (0.3061 fdkk
t=2.94 =9.60
0.3061
(withn -1 d.f.)
Analysis of Variance:
8.S d.f. M.S F.
Blocks 80.63 10 ek ek
Treatments 47 .42 1 47 .42 92.08
Error 5.15 10 0.515
Total 133.20 21
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(1)

(2)

(3)
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2.3  Incomplete Block Designs

As the number of treatments increases, block size in a RCB design
obviously incre=ses. The variability of terrain, soil depth and other
factors on small farms may make it difficult to find blocks of adequate
size, without sacrificing the criteria (of unifermity) for blocking. It
then becomes nececsary tc use incomplete blocks, such that each incomplete
block contains a subset of the treatments. Allocation to subsets (i.e.
to incomplete blocks) follows certain rules, and some: desigas are
available from reference works. Improved methliods of analysis have
resulted in greater flexibility in the choice of incomplete block desigus.

The simplest incomplete block design 15 the balanced lattice. In
this, the number of treatments nust be an exact csquare. and the number of
plots per block is the corresponding square root. This design is
therefore suitable for an experiment with nine treatments, with blocks of
three plots. A design is shown in Fig. 4 it has four replicates, with
a total of twelve blocks each of three plots. Every palr of treatments
occurs once, and only once, in the same block, so that all pairs of treat-
ments are compared with about the same precision, even though differences
between blocks may be large. This might well be the case if single blocks
were located on twelve different farms. As far as possible, similar
blocks ~ to the extent that this can be ascertained -- should be placed in
the same replicate. Eight replicates, involving 24 farms, each with one
block, could also be used.

Fig. 4. A balanced lattice design for nine treatments (a-i) in 12
blocks ( (1) - (12) ) of three plots with four simple
replications (t = 9, k=3, b=12, r = 4)

a b c 4 a M| a e i (10) a h

[a5
o

D

d e £l (5) b h (8)] ¢ b f Q1) 4 b

g h i (6) e f i d h c (12) g e
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Where the number of treatments 1s not a square,balanced incomplete block
designs are available. Fige. 5 and 6 give two examples, and Table 2 lists
some of the designs available for different number of treatments (t) and
block sizes (k = number of plots per block).

There arc also partially balanced desipns, of which the simplest

examples are the lattices  As for the balanced lattices, the number of
treatments must be a square. tartially balanced designs are less suitable
than balanced designs- the statistical analysis is more compleX, and when

variation among blocks is large, as must be ecxpected in on-farm research,
some pairs of treatments are compared less precisely than others.

Fig. 5 A balanced incomplete block design for five treatments (a-~e)
in ten blocks ( (1) - (10)) cof three plots with group
replication (t-5, k-3, b = 10, r = 6).

Reps I, I & TII Reps IV, V & VI
(1) a b c (6) a [} 4
(2) a b 3 (7 a c d
i
|
(3} a d e (8) a c I e
{
L
4) b c d (9 b c e
(5) c d e (10) b d { e

Fib. 6 A balanced incomplete block design for scven treatments (a-g) in
21 blocks ((1) -~ 21)) of two plots with group replication
(t=7, k=2, b=21, r =6)

Reps I & II Reps III &IV Reps V & VI
@8] a b (8) a c (15 a e
(2) b f €D b d (16} b c
(3) c d (10) c e an c f
4 d g (11) d f (18) d | e
(5) a e (12) e g (19) b e
(6) e f 13) a f (20) f g
7 c g (14) b g (21) a 8
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Table 2. Examples of balanced incomplete block designs
for different numbers of treatments (t) and
numbers of plots per block (k)
Number Number Number Number Total }Efficency
of of plots of of number '
Treatments | per block replicates | blocks of plots !fact0r2
(t) (k) (r) (b) ; ()
5 2 4 10 20 1 0.62
3 6 10 30 ; 0.83
6 2 5 i5 30. . 0.60
3 5 10 30 | 0.80
4 10 15 60 1 0.90
7 2 6 21 42 0.58
3 3 7 21 b Q.78
4 4 7 28 | 0.88
9 2 8 36 72 0.56
4 8 18 72 | 0.8
5 10 18 50 i 0.90
6 8 12 72 1 0.94
11 2 10 55 A0 ouss
5 5 11 55 i 0.88
6 6 11 66 | 0.92

be used.

Total number cf plots = (t x r) = (k x b).

relative to a randomised complete block (RCB) design.
assumes that a RCB design could have been used instead of a
balanced incomplete block design.
incomplete block design is chosen because a RCB design cannot
The “trun " efficiency therefcre is greater than 1.00.

Usually this is not

The efficiency factor (E) is a lower limit to the efficiency

This

SO*

the
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In Figs. 5 and 6 it will be noted that blocks are arranged in groups
of replications. This arrangement does not apply to all incomplete block
designs. Where the designs permits simple replication, the analysis of
variance and allocation of degrees of freedom is as follows:

| Replications {r ~ 1)

| Treatments (unadjusted) (t - 1) ;
g bBlocks within replications (adjusted) (b - r) é
2 Intro-block error (tr - t - b +1) i
! Total (tx - 1) i

An adjusted treatment sum of squares can be calculated and used for a
significance test of treatment effects.

Where designs are arranged in groups of replications, the analysis
of varilance is as follows {where c = the number of groups, which is two in
Fig. 5 and three in Fig. 6).

? Groups of replications (c -- 1)

; Treatments (unadjusted) (t -~ 1)

g Blocks within groups (adjusted) (b - c)

; Intra-block error (tr ~ t - b +1)
! Total (tr - 1)

Some balanced incomplete block designs cannot bz arranged in
replications or groups of replications, so that these terms disappear
from the analysis of variance. Note that the analysis requires the
computation of adjusted sums of squares and means, and is consequently
much more complex than fcr randomised complete block designs.

Recent developments in biometrics, computing and experimental designs,
have resulted in greater flexibility of design and analysls, so that
there can be much more flexibility in block size and in replication.

Another group of incomplete block designs are those with supplemented
balance, In this group one or more control trzatments occur in every
block with different subsets of the other trecatments. Fig. 7 gilves
examples for diiferent numbers of treatments (t) and different block sizes (k)
with either one or two control treatments per nlock. Such designs are
useful where increased replication of a control treatment (or of more than one)
1s desirable. The occurence of the control treatment in every block also
has coneiderable demecnstration value. Table 3 gives further examples
for different values of t and k, and of c, the number of cuntrol treatments,
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The examples of Filg. 7 and Table 3, are based on the full array
of possitle treatment sets per block. Ift=7, k=5and c=2, for
example, sets of three treatments must be chosen from the five non-
control treatments for each block, since two plots per block are
already assigned to the control treatments (a and b ). The number of
combinations of three from five, which equals the number of blocks
(b) is given by -

b = é_x 4_x 3 = 10.

3x2x1
This design is shown in Fig. 7E. For
t =8, k=4 and ¢c = 2, then

b= 6x5 = 15

2 x1

Fig. 7 Incomplete block designs with supplemented balance. Five examples
are shown for different numbers of treatments (t) and numbers of plots per
block (k), with either one or two control treatments (c) per block. Each
design is a complete set.

A, t=4, k=3 c=1 B, t=5, k=3, c=1
(1) a b c (1) a b c 4) a c d
|
(2) a b d (2) a b d (5) a c e
(3) a c d (3) a b e (6) a d e

Replication: a

]
W
o
0
Q.

[}

2 Replication: a = 6; c,d;e = 3
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(1)

(2)

(3)

(4)

(5)

t=6-k=3 ¢c=1

Replication: a=10:
b,c,d,e,f = 4

albl} c (6)! a
{
[ |
a|b ; d (7} a |
N | .
a ' b i e (8) a
i ! i :
ai{bi}f (9) { a
a|c dI (10) a
|

15

D. t =6, k=4, c 2

(1)

(2)

3)

(4)

(5)

(6)

afb(dh‘
g
| |
:ibldlf:
i
a! b, e| £ !

Replication: a, b = 6

c.d,e,f =3



16

(1) [ a b ¢ d e (6) [ a b
(2) a b c d { f (7) a b
|
3) a b c d ’ g ’ (8) { a b l
— "_,, !
N
(4) a ‘ b c e f (9) a b
| | |

(5) a b c e g (10) a b {
Replication: ab =10 ¢, d, e, f. g = 6.

Note:. Treatments sre

not randomised within blcocks.
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Table 3. Examples of incomplete block designs with supplemented balance
for different numbers of treatments (t) and numbers of plots per block (k).

! |
Number Number S?mber Number I:ﬁ;gir Replications
of of plots | control 1 9 o 3
Treatments| per block treatment. [of blocks |of plots” [control(s)~ others

(t) (k) (c) (b)
4% 3 1 3 9 3 2
4 3 2 2 6 2 1
5* 3 1 6 18 6 3
5 4 1 4 15 4 3
5 3 2 3 9 3 1

4 2 3 12 3 2
6* 3 1 10 30 10 4

4 1 10 40 10 6
6 3 2 4 12 4 1
6* 4 2 6 24 3
6 5 1 25 4
) 5 2 4 20 3
7 3 1 15 45 15 5
7 4 1 20 80 20 10
7 5 1 15 75 15 10
7 4 2 10 40 10 4
7% 5 2 10 50 10 6

1
Number of blocks for the complete array of possible treatment combinations.

2Total nunber of plots = (k x b)

“Replication of controls = b, since the control treatment(s) occur in
every block. Those designs riarked with an asterick are illustrated
in Fig. 7.
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For some design arrays, replication may be excessive; and a subset
may provide adequate replication. The subset should be valanced with equal
replication of the non-control treatment. For example, blocks (1), (3)
(5), (9) and (10) of Fig. 7C would give a balanced design, with
five replicates of treatment (a) and two of (b) - (f). If replication is
inadequate, as in the examples 1in Fig. 7 A and B, double or treble arrays
could be used, or, where feasible; one--and-one-half arrays.

Supplemented balanced designs can accommodate double replication

of one control treatment in each block. fe.g. a, a. b, ¢, d: a, a, ¢, d, e, ete)
To be avolded is a .disconnected design. (Fig. 8 A). The desien of
Fig. 8 B 1s analysable but unsatisfactory in other ways. Note tue

overlapping of treatments.

Recent developments in blometrics, computing and experimental design
have resulted in much greater flexibility of design and analysis so
that there can be much more flexibility in block size and in replication.
Unequal replication is further discussed in 2.7.

Analysis of many of the incomplete block designs discussed 1is
not simple. Some such analyses can be done on hand calculators, but
large experiments with complex designs require computer analysis. The
avallability of suitable programmes should be considered in selecting
a design. A general method of analysis is given in the Appendix.
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Fig. 8. Two further incomplete block designs. A 1s disconnected
with no overlap of treatments, and should never be used. B has an
overlap of treatments but should be avoided.

A. t=6: k = 3: c=o0 B. t=6 "k=4 ¢=
(1) ,} a b c Q | a b 4 c
) ] _
d e t f \ (2) al b . e
{ ‘
j { 3
(3) { a b{ ¢ (3) c d | e £

Replication: 2

) |d el ¢

Replication: 2
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2.4 Factorial Experiments

Factorial designs are well known, particularly for fertilizer
experiments. In such designs the effects of two or more factorqzare
investigated simultaneously. Tro simplest case 18 a 2 x 2 or 2
factorial, comjaring two factors each at two levels, one of which

might be nil.

This clearly gives four treatment combinations. If there
are three factors, each at two levels, there,are eight treatment
combinations, and this 18 a 2 x 2 x 2 or 2~ factorial. There can
be any number of factors, but clearly, even with only two levels,
the number of treatment combinations becomes large. For instance a 2
has 64 treatment combinat:ions.,2 The3number of levels can also vary,
50 that one might have a 37, 3 or 3 factorial, with
respectively 9. 27 and 81 treatment comblnations. Additionally. the
design includes experiments in which the factors vary in t' e number
of levels compared. Thus one can have a 2 x 3, a 2 x 2 x 4 or a
2 x 3 x 4 factorial with respectively 6, 16 ard 24 treatment combinations.

Factorial designs estimate_ both main offects and interaction
effects. For instance in a 2 factorial the main effects of the
three factors A, B and C are estimated, plus the =ffects of the first-
order interactions AB AC and BC, and of the second-order inter-
action ABC. Two factors are said to interact vhen the effect of
one 13 dependent on the presence or absence (or '~vel) of a second.

In example (1) below A and B do not interact. the effects of both A
and B are independent cf the presence of the other. In (2), however,

A and B do interact the average effect of A is nil, but A gives a
lower value in the absence of B (f.e. 8 vs. 18), but a much higher value
in the presence of B (i.e. 24 vs. 14), Similarly B gives a lower

value in the absence of A, but a higher value in its presence.

(1) (2)
-A +A N ~-A +A
- B 8 18 13 - B 18 8 13
+ B 14 24 19 + B 14 24 19
11 21 16 16
1 . ! . .
Three (or more) factors can interact. For instance, factor B may

only increase yields in the presence of A and C.

The analysis of variance, and apportionment of degrees of freedom
(d.f) for a 27 factorial is as,follows, assuming a RCB arrangement
of plots (i.e. complete blocks of 2” = 8 plots) and four blocks or
replicates.).
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Blocks 3
Main Effects A 1 !
B 1 ;
c 1 ;
Interactions AR 1
AC 1
BC 1 i
ABC 1
Error 21
Total 31

It should be noted that. with only two levels of each factor, there
is a single degree of freedom (d.f) for each treatment effect.
Generalizing to a 2% factorial (i.e. n factors each at two levels),
the analysis becomes, again assuming an RCB arrangement:

Blocks b ~1)

Main effects n

Interactions 2" -n-1)
Error (Zn - 1(®B -~ 1)
Total 2% - 1)
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With more than two levels, the analysis of variance changes.
For a 33 factorial :- three factors each at three levels with 27 treatment

combinations - the analysis is as follows, (again assuming an RCB

arrangement) :
|
Blocks (b -1)
Main Effects A 2 :
| B 2
Interactions AB 4 : | i
AC 4 :
BC 4 4
‘ ABC ;. 8 g
Error (33 - 1) (b - %) ;
‘Total B L N |

A refinement of this analysis is to test for linearity of the main
effects. Details of this latter type of analysis, and of more

complex factorials of the 2 x 3 x 4 type, will not be given here.



23

2.5 Confounding

Factorials tend.,to have large numbersof treatments:
the smallest 1s a 2°, and if three factors or three levels
are to be teated, treatment number rapidly become large.
Imagine attempting to find 16, 27 or 32 plots per £arm3so asg
to lay down one complete block of respectively,a 2 , 37 or 2
factorial! The problem is multiplied if it is wished to replicate
the experiment over five or ten farms!: One way of reducing
block size in factoricls is the technique of confounding.

This. technique can be illustrated by taking the simple
case of a 2° factorial,. The eight treatment combinations can
be split into two sets of four, so that ap experimeat with
three replicates would be laid down in six blocks each of
four plots. Figs. ¢ and 10 give examples of such designs, and
the derivation of the subsets of treatments is shown in Table 4.
The latter shows the treatment combinatlions that contribute
to the estimation of main and interaction effects: a priorid
the effect of A 1s the total of all treatmentscontaining
less the total of those from which a is absent and so on,
Interaction effects are derived by “multiplying” the A and B
lines, the A and C lines aud so en. [f the effect of ABC is
considered 1ikely to be swall - and this is often so - the
ABC interaction can bec completely confourded with blocks
by taklng, as subsets of the elpht treatment combinations,
those with a plus sign (+) and those with a minus sign (-)
in the ABC line of T..le 2, and allocating these to separate

blocks, as in TFig. 9. The analysis of variance
Fir. 9. A 23 factorial e ‘Iment, arranged in blocks of
four plots, with completely confounded with blocks.
Re. I Rep. I1 Rep. III
b ab abc (1) a bec
) a (1) ‘ a | “be c ab
abe ac c | ab abc ac
z be b ac b (1)




Fig. 10. A 2~ Factorial experiment, arranged in blocks of
our tlots, with A, BC and ALC partially confounded.

=

B

Rep. T Pen. 11 Rep. III
n ac (1) c abe ac
| —] AR S (RS A I — ]
b
L€ i ‘ (x,. an ab a b
1 — i
abe be b be (1) c
J _—
h ab abce a be ab
ARC AC BC
confounded confounded confounded

Zoble 4. YMain and dnterczction factorial effects in terms of
individual trcotnent combinotions.

|
FactorialgvT - _ ?rfatwcnt cgmbinaE}pn
effccts l iy ‘.J i L ”f a ac ! be abe
| b
A ’ . K ! l + 4 - +
U S S e e v -
B A + -t +
- ] J l_ ! el | i
B I : ! ! ! ’
C ' b . - 1 Lo
e e e e S N S —
| ' ; y
AB |+ [ , ’ S S - +
AC I + ! . ! + - R -t
] ) ] 1 I ] T
BC R . - + +
|
ABC |- ' _ +
. - '
%(1) ¢ - —-an-1»  Tepreseats the combination of a, b, and ¢

all at the lowest, nil or abscnce level,

Note that in analycis of variance, the sum of squares for the
main effect of A can be computed directly, from the totals,; as
2
S.5.A = (a + ab + ac <+ abc -~ (1) - b - ¢ - be)
. S

Similarly for B, T, and the interaction effects. The sum
of squares for thec effect of ABC, for ecxample, would be given by

S.5. ABC = (a 4+ b + C + abec - (1) - ab - ac —bc)2

2nr
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now becomes:

Blocks 5
Main Effects A 1
B 1
C 1
Interactions AB 1
AC 1
BC 1
Error 12
Total 23

Note that no test of the effect of the ABC interaction effect
can be made. The §.5. for ABC has been pooled with the blocks
S.S. Loss of information on ABC is the price paid for the

convenience of having smaller blocks.

Fig. 10 illustrates partial confounding: one replicate has
ABC confounded, another AC and the third BC. The make-up
of subsets derives, as explained atove, from Table 4. The

analysis of variance now allows a test of all interactions,
but the tests for AC, BC and ABC arc each based on two

replicates only. (For ABC on replicates II and III, for AC
on I and III add for BC on I and II).

Blocks 5
Main Effects 1
1
1
Interaction AB 1
effects
AC 1’)Based on
.Jonly two
BC 1 Jreplicates.
ABC 17)
Error 11

Total 23
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Additional replication could be included in the experiment,
with the degreces of freedom for blocks K error and total increasing
from those shown in the example above, and with greater precision
accorded to the tests of the partially confounded interaction
effects.

A 24 factorial, which has 16 treatment combinations, can be
grouped into balanced sets of eight nr four. Tn the latter
instance four blocks of four plots are nccded for one complete
replicate. Several interactions must be confounded, but 1f the
experiment is large enough - with sufficient blocks - partial
confounding can be usced so that the,effects of all interactions
can be estimated. For example, a2 facterial with six replicates
(24 blocks cach of four plots) can be partially confounded with
first-order interactions (AB, AC, &AD, BC.  BD, CD)., confounded in
one replicate cach, and sccond-order intcractions (ABC, ABD,

ACD., BCD) each confounded in threce replicates.

As the size of the (confounded) factorial,increases,

so th. need for replicatiocn decreases. A 27 factorial,
which has 64 treatment combinations, can be laid down in eight
blocks of eight plots, with no replication. Several of the

higher order interaciions would be confounded with blocks.
The analysis of variance would be:

Blocks /
Main Effects 6
First-order Interactions 15
Second-order interactions 20
Third-order interactions 15
Total 63

The d.f. and S.5. fur the second and tlird order interactions
would be pooled and used as the "error’ tc test the significance
of the main effects and first~nrder interactions. Such an
experiment could be laid out over cight farme but plot selection
for blocking would require special care.

Although attention has been focused on 2" designs,
confounding can also bz used for 3" factorials, using blocks of
nine plots,; and for 2 x 3 x 4 type designs, using blocks of
12 plots and so on.
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2.6. Fractional Replication

- In a single replication of a 26 factorial, each main effect
is averaged over 32 treatment combinations, and in a 2~ factorial
over 16 trcatment combinations. Such precision of estimation
may be totally unnecessary. Lest it be thought unlikely that
a large factorial could be useful and relevant in on-farm research,
consider the following two hypothetical experiments - both 25
factorials - in which the five factors listed are compared each
at two levels (prescnce or absence):

Minimum tillage Micro-nutrient folilar
experiment . spray experiment 4
cultivation ‘ Cu
Labicide Fe
Mulch ‘ Mn
Soil insecticide Ho
Fertilizer Zn

It would be difficult ~ if not impossible -~ to lay down such factorial
experiments on-farm as complete blocks (of 32 plots). Blocks of
eight might be feasible for a confounded design, but the question
remains: 1is it nececssary to average main effects over 16 treatments

and plots? One ansver is frg;tionnl raplication. |

Fig. 11. "A half-replicate of a 25 factorial in four blocks
of four plots. ABCDE is the defininpg contrast
and the first order interactions CD, CE and DE
are confounded with blocks.

(D) (2) (3) | (4)
(1), 1. ac  ae ad
"ab bc ‘ be-— bd

ééde de cd » ceh
bede abde abcd - abce

Note that treatments are not randomised within blocks.
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Fractional replication enables five factors - or four or six
to be tested in an experiment of practical size. Only a subset
of the full factorial arr:cy of treatment combinations 1s used, with
no replication of_.these ccmbinations. in example of a half -
replicate of a 2 factorial, in blocks of fbur plots, 1is shown in
Fig. 11. Some first order interactions are confounded with
blocks, and the analysils of variance is as follows:

R
Blocks 3 ;
Main Effects 5 ;
First-order interactions 7 i

|
l ]
! Total 15 3
!
|

The interaction line 1s used as the error line for tests of
significance of main effects.

To examine the derivation of the subset of treatment
combinations used., it 1s convenient to consider a 23 factorial.
Table 4 shows the B8 treatment combinatijons. Using the ABC
interaction as the cc "trast to split the factorial into two
halves, a, b, ¢ and abc would form one subset and (1), ab, ac
and bc the other. ABC is know as the defining contrast.

In larger factorials, where a quarter or even one-eighth replicate
is taken, there will be several defining contrasts.

Experiments with fractional replication are open to
interpretation, c¢r misinterpretation, in a way that does not
occur with replicated designs. Table 5 shows the individual
treatment combinations that contribute to the estimatinn3of the
main and interaction effects for the two subsets of a 2
factorial. Looking at subset 1 it 1s clear that the quantity
used to estimatc the effect of AB (i.e. (abe) + (c) ~ (a) - (b))
is the same as that used to estimate the effect of C. C and AB
are know as aliases, and are written as C = AB. The Table
further shows that A = BC and B = AC. Note that ABC cannot
be estimated at all. The effect of using fractional replication
then is tec lose the effect of ABC entirely and to confuse main effects
each with a first-order interaction. If a different defining
contrast had been used, a different set of aliases would be found.

Aliases pose problems of interpretation. 1s the apparent
effect of A due wholly to A, or to the BC interaction, or
to a mixture of the two? If the researcher knows that the
interaction of B and C 18 negligible, then the observed effect
of A can be attributed to A. But 1f there 1s a positive
interaction of B and C, then the effect of A will be over-
egtimated.
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Subset 2 shows another sort of alins the offnct of A
is equal to the BC iateraction, with the ciens chanmed,
That 1is:
A = (ab) + (ac) . (bc) - (1) =or!
BC = _(ab) - (ac) * (be) < (1), aand "hz ~lias is nouv written
as A = - BC.
If B and C positively 4interact, thisz will feud to nale the effect
of A apparently smaller than 1its tru2 offect
Table 5. The two subsets of treatnents couhinrnittan for a

half replicate of a 2° factorial, with L3¢ 29 the defining
contrast, and the main and intcraction 2fiects in tewvns of
the treatment combinations.

Factorial i P en <-j“"u_— e A 1
SUDSET 1 SUTSE
Effect a b c abe ! (1D ab ac 1 be
!
I
A + - - + - + |+ -
B + - - - - +
C - - + - - - + +
- . b
AB - - + 4 + + - -
T !
AC - + - + i + - -
- i” —
BC + - S - 4
t
- — L
ABC + + . + . - -

The choice of a fractioncl factorial c¢esinn clecavly requires
some prior information on ecineccted main nff2ctc and Intceraction
effects. Since the sum of squares fovr th:o iotar-acticn cffects
is used as the error sum of squares it ic iunortont to be fairly
sure that interactions are small or absant.

r
In a half-replicate of = 27 focteriel uith Jelinding
contrast ABCDE, cach main effecct Las n olhii-dg ovder dinteraction
as alias, and each first-order internciion b~ a1 zccond-order
interaction as alias. The analysis of variance of a half-re
replicate of a 2 factorial vith four bloclks of four plots
(Fig. 9) 1s {as before)"

o
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Blocks 3 ]

Main Effects 5

First order 1interactions

Total 15 I
Note that seven of the ten first-order interactiors can be
estimated: three are confounded with blocks.

If now two blocks of eight plots were used, confounding one
first-order interaction, the analysis becomes:

Blocks 1 W
Main Effects 5
First Order interactions 9
Total 15

Finally, 4f there was one block of 16 plots, all first-order
interactions could be estimated with a total of 10 degrees of
freedom, and there would be no block effect.

Fractional replication assumes a single part-replication.
However, it may be useful and sensible to select a subset of
factorial treatment combinations and to replicate these on
several forms. For example, if A, B and C are, respcctively,
pruning. fungicide application and fertilizer application to
cocoa, it might be useful and economical of effcrt to test
the subset a, b, ¢ and abc only (excluding (1), ab, ac and bc).
This makes sense if the prinmary objaetive of the eaxperiment
1s to see 1f - and to demonstrate that - the abe combination
1s more effective than a, b or c alone. With b blocks
(or farms) of four plots, the analysis of variance would be:

Blocks (b - 1)
Treatments 3
Error (3 (b -1))

Total (4b - 1)
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The 3 d.f. could be divided into single d.f. for main effects,
but because of the allases (A =BC, B = AC and C= AB) 1t would

be preferable to test for significance among the four trecat-
ments (with 3 d.f.). Care would be necessary in interpretation
of the results.

A subset of eight treatment combinations from a 2
factorial conld also be tested on a number of farms. in blocks

of four plots, with opne block per farm. The two sets of four
treatment combinations might be b, ¢, ad and abcd
and a, bd, cd and abc There would be several aliases, so

that a prior knowledge of the more important interactions would
be necessary 1in selecting the subset, in order to avoid problems
of interpretation.



32

2.7 Unequal Replication

All the designs discussed abovc have had cqual replication
of all treatments there are circumstances however where it
may be useful to adopt wvnequal replication, It may be desirable
to increase replication of the "nil control treatment in a
crop protection experiment for example, so as to obtain a mo:ie
accurate base againcst which to measure the pciformance of the

treatments. Or it unay Le desirable to examinz on a limited
number of fa.ms, the effect of probe treatments - higher levels
of fertilizer for instance - in order to ottain an indication

of the response curve

In the former cose it is usual to include two 'nil' control
plots in each block (ard there is no reason why there should
not be three or more ceontrol plots except that this unduly
increases block size) This situation with one trzcatment
uniformly replicated more than once in each Flock 18 easy to
analyse. An example will help assume a PCP experiment
with four treatments (a 4). and one block per farm, on 17 farms.
Without extra replication of any treatment the apportionment
of d.f. is straightforward

—
Blocks 16
Treatments 3
Error 48
Total 57

e

With double replication of the control treatment (say, .a), blocks
now comprise 5 plots (with treatments a,a, b,c, d,), so that the

experiment comprises &5 nlots (17 x 5). Thirty - four of these
would receive the control treatment d. The d.f. are now:
Blocks 15
Treatments 3
Error t5
Total 24
Note that the error ¢.f. are increased by 17. The treatment

sum of squares (S.S5.T) can be divided into two components
"control versus the others (i.e. 'A. vs. C and T) with
1 g.f., eand "within others' (i.e. A vs B, € end D) with 2 d.f.
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Computation of the treatment S.S. differs. Without the
double replication, the formula is:

T2 + T2 + T2 + T2 G2
a b c d - —
S'S.T = 68
17
where T , T. , T and T, are respectively the totals for treatments a to d,

and G 18 thé graﬁd tota?° With double replication of treatment g the
computation of treatment 5.5. is:

15 18+ sz : Ta2 G2
S.5., = + 2= -
17 34 85

The block S.S., total S.5. and error $.S. are derived in the usual way.

The case of an experiment with limited replication of a ‘‘probe"
treatvent is more difficult to analyse. Again an example will help. Assume
14 farms with one block per farm. All farms have the four treatments

(a - d), but six have the extra “probe’ treatment (e). Block size
therefore varies- eight blocks or farms have four plots and six have
five plots, giving a total of 62 plots. Two separate analyses could be

done, firstly analysing the data from treatments a - d in all 14 blocks,
and secondly analysing the data from treatments a - e from the six blocks
with the five treatments.

Alternatively a single analysis can be done. computing treatment
S.S. from:

™ o+ 12 o+ 7 12 72 c2
a b c + “d e

S$.S5.., = + -
T - — —_
14 6 62

and block S.S5. from:
2 2 2 2 2 ) 2 2
S.s. - B1 +B2 + B3 + B8 ) 89 +- Blo-h..Bl4 G
B

+ - —
4 5 62

where B1 to BB are the block totals for the eight blocks with four treatments,
and 39 to B14 are the block totals for the six blocks with five treatmerts,

the apportionment of d.f in the analysis of variance is as follows:
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(5)

Fig. 12. A design with block of different sizes,
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blocks are incomplete.
(a -~ e}, with block sizes (k) of five,

three plots.

t 5,
a b c d e
a b c d e
a b c d e
a b c d
a b d e

Replication: a - e = 8

5

(6)

(7)

(8)

(9)

(10)

so that some

There are five treatments

four and

and 3

b d e

a c e
l

a e

a d

c e
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Fig. 13 An incomplete block design with supplemented balance and
blocks of different sizes. The number of treatments (t)
is six (a -- f), block size is five, four and three plots,
and one control treatment occurs in all blocks.

t=6, k=5 4or3, c=1

a b c ‘ d e (7))} a d e
)
a c d a f ( 8) a b f
a c d f (9 a b c
a b d e (10) a e £
}
a b c f (11) a c d
a b e f

Replication a =11, b-e =6
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2.8 One or lore Blocks per Farm?

Wherc a field experiment is laid down on a uniform area of land,
nothing 1is gained by using a randomized complete block design instead of a
completely randomised design. On sucn an area there are no grounds for
blocking: plots do not differ in some characteristic that enables them to
be allocated to blocks of similar plots. The analysis of variance will
show very small and non-~significant block effects. In the absence of
any adequate grounds fcr blocking, superimposition of a RCB design may
result in inappropriate blocking, resulting in a higher error mean square
than would .coult from using a completely randomised design, or an
copropriately blocked BCR desipgn. A large and significant block effert
in an analysis of variance of a field station experiment is on indiczcion
that the blocking was appropriate.

In on-farm rescarch, farms are likely to be selected for a certain
hcmogeneity of cnvironment, cropplng system and management. However, it is
clmost inecvitable that, with blocks of different farms, large and statiscically
significant differcnce between blocks will be found in the analyses of

variance. If therc is one block per farm, so that block effects in the
analyses of varifance are farm effects, and if treatments and farms interact,
then the error sum of squares will be large. This is because the error

S.S. is in fact the block (or farm) X treatment S.S.
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Table 6. Plot values (hypothetical) for a RCB experiment with four
treatments (a~d) and ten blocks, considered both as an experiment with
one block per farm, and with twc blocks per farm.

Treatments Totals
Farms Block # a b c d Blocks Farms
A 1 10 11 15 20 56 111
2 9 9 16 22 55
3 12 10 5 7 34
B 4 10 |11 | 4] s 30 64
c 5 11 12 20 23 66 128
6 9 9 23 |21 62
D .
7 8 10 8 3 26 57
8 7 11 6 4 28 '
9 ° 11 10 8 38
E 10 7 110 | 910 | 36 74
434

Farm X Treatment Totals

1% 19 31 42 111
22 21 9 12 64
20 21 43 b4 1238
15 21 14 7 37
16 21 19 18 74

Treatment Totals 92 103 116 123 434

MY o0 w >
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Graph of plot values for the four treatments of Table 6
against blocks, to {1lustrate variability and interactions.
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An example will 1llustrate this:

and have been plotted in Fig. 14.
values in blocks 3 and 4.
ments in blocks 9 and 10.

the data are given in Table 6,
It 1is clear that treatments ¢ and d give higher
There are only small differences between the four treat-
The data may also be looked at in another way:
treatments a and b are less variable among blocks than ¢ or d.
block per farm, so that there are ten farms involved K the analysis of variance

Agssuming one

i1s:
Source of variation S.S. d.f. M.S F.
Blocks ( = Farms) 486.6 9 54 .07 2.70
Treatments 56.9 3 18.97 0.94
Error 539.6 27 19.99
Total 1083.1 36 -

M.S. i8 the mean square (i.e. the S.S. divided by the corresponding d.f.), and
F is the variance ration. (1. e. the M.S.s fivided by the M.S. for error.).
F. 1s usged to test for significance by comparison with tabulated valucs.

Neither the effects of blocks ~ large as it 1s - nor that of treatrents,
are significant. If the experiment had heen laid down on five farms with
two blecks per farm (blocks 1 and 2 on Farm A, 3 and 4 on B and so on), the effect
of the farm X treatment interaction could be tested: the error $.5., in the
above analysis is now partitioned into an interaction and an error component.
The analysis is as follows:

Source of variaticen S.S. d.f. M.S. F.

Farms 481.9 4 120.48 128.17#%%

Block-within-farms 4.7 5 0.94

Treatments 56.9 3 18.96 9.92%%%
{ Farms X Treatments 510.4 12 42.53 21.81%k%

Error 29.2 15 1.95

Total 1083,.1 39 -




41

The effect of forms 1s tested against the 'blocks-within-farms' M.S.,
and the I. volea is highly significant. Treatment, and farms X treatment
effecss are also nighly significent. The co-efficlent of variation (CV),
which is the sauare root of the error M.S. divided by the overall mean
and ruliinlied by 100, 4s 41.2% for the first analysis and 12.9% in the

zecond analysis. Note that the error §.5. and d.f of the first
analysis are indeed partitioned into two components (ie 539.6 = 510.4 + 29.2
ond 27 = 12 + 15). liote alsoc that the '"blocks-within-farms" S.S. is

derived frer the blocel:s §5.5. legs the farms S.S.

Frem a practical viewpoint, farm X treatment interactions can arise
because farms are not ac homogenzous as originally thought, or because
scme treatmonts ore rot nroperly applied or are not applied uniformly over
farms. Farms nay be homogencous in terms of soil, rainfall and major
production systams, but may be heterogeneous in terms of cultivars and
in at least scme culturel practices. It follows that where homogeneity is
in doubt, two bloc' 3 (or morz)per farm are "safer’ than one.

dowevnr, cven if an expr:riment with one block per farm had been done,
dxhh results siach as those of Table 6 showing no significant effect of
reatrernts, the experiment should not be regarded as a loss. Useful
informnticn car ke cathered from the data by asking, inter-alia, the
followring quesidions:

- Ty do farms diffor so markedly ian total or mean values?
- 17y do certain treatments perform well only on some farms?

- My zre souwe vreatments more variable among blocks or
foems than others?

Concomitant otservatlons will assist in answering some of these questions.
diehly variaul~ (roctaents may be agronomically unsound or require an
varealistizzlly hiph level of management: they should probably not be
recormended a3 pry _tiCLs to farmers, at least not without further research.

{fo1r the caic of Table 5 the standard crrors of the means of the four )
treatuents are rtopactively 1.54, 1.10, 6.22 and 7.77 which quantifies the
chsoeyvad Tariabhilicy).

ihe e persent with tuo blocks per farm does not in itself angwer any of the
cbove quostior In fact it poses the same quections. It does provide estimates
of the magoitude ol the interaction however. In less extreme cases than
that 1llustrated the errcr S.S. might still be large (because the farm X treat-
ot effact was volotivaely srmall so that its S.5. was small), in which case the
varizticn betcon blocks within farms would be relatively large.
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2.9 Partitioning of the Error S.S.

In many cxperimente, the treatment 5.5. can be partitioned into
ccmponents - as in the factorilal designs already discussed - where main
effects and interaction effects may each have a single d.f.. The
error S.S. can also be partitioned, though this 13 seldom donc. It 1is
useful where variability is found in treatment effects - as in the
illustration above. The computations are not discussed here, but it
should be borne in mind that the technique exists and may be required
in order to carry out valid t-tests, where trecatments differ sufficiently
in variability such that errors are not homogeneous.

2.10 Comparison of Zones

One final "arrangement’’ of blocks should be mentioned. Where it
is desired to compare a set of treatments over a wide area - possibly island-wide -
thus spanning several agro-ecological zones or several recommendation domains,
there are two options. The first 1s to carry out separate experiments
in cach zone (with separate analyses of variance). The seccond 18 to
carry out one large experiment with "zones" as a component in a single
hierachical analysis of variance. If the number of farms that can be
supervised 1s limited the second option 1s preferable, since the size of
the separate experiments may be too small to gilve precise estimates of
effects.

The allocatlon of degrees of freedom in the analysis of varilance
is shown below, assuming for simplicity, one complete block per farm and the
same number of blocks (or farms) in each zone (z = number of zones):

Zones (z - 1) 4
Blocks-within-zones (b -)-(z-1) 10
Treatments (t -1) 2
Zones X treatments (z - 1)(t - 1) 8
Error : (t - 1) ((b-1)~(z-1)) 20
Total bt -1 44

The right hand column gives the d.f. for an experiment where z = 5
b = 15 (with three blocks per zone) and t=3. The "blocks-within-zones" S.S.
would be calculated as the difference between the blocks S§.S5. and the zones S.S.
The "blocks-within-zones' mean square would be used to test the effect
of zones. Separate analysis of five experiments (one per zone:"option one')
would give the following analysis and d.f. allocation for each experiment:
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Blocks 2
Treatments 2
Error 4
Total 8

| 1

Clearly these are too few d f£. for error to give a precise test of treatment
effects. The larger combined analysis also tests zone X treatment effects,
and information ou these may well be useful in planning furtler experiments
zone by zone.

Should the number of farms vary from zone to zone, a larger combined
analysis is still possible, but the computation of S.S.s will be slightly
more complicated (see 2.7).

Table 7 Plot values (hypothetical) for a hierachical RCB experiment
with three treatments ( o - ¢) two blocks per farm and four
farms in each of three agro-ecological zomnes. .

Zone | Farmf Block 1 Block 2 Farm Totals
# i ol pl q|Total| o | p | q |[Tota] o p g

- 1
1 1 5 6 7 18 | 4 6 7 17] 9 12| 14 35 ;
2 | als|el 15 s|s 7| 170 ¢ l10]13]32 |
3 5 5 8 1 18 | 4 5 7 16 9 10} 15 34 ?
4 3 5 7 15 1 4 4 6 1 14 7 9 13 1 29 E
Zeme Totals 34 414 55 {130 ;

2 s | 701¢l s, 2nle 105 | 2113 !19]10] 42
6 | slio] a| 22]7 S 13 | 1915 | 19] 71 41 i
7 9 2 6 24 {10 {11 5 26 19 207 11 50 3
8 7 110 7 24 8 [ 9 9 26 15 19] 16 S0 E

Zone Totals | €2 | 77| 44 | 183

3 9 9 6 7 22 110 5 5 20} 1@ 11] 12 42
10 10 6 5 21 |12 7 7 26| 22 13( 12 47 i
11 11§ 7 7 25 | 10 5 6 21, 21 12, 13 46 ;
12 10 5 6 21 8 6 4 18] 18 11} 10 39 g
Zone Totals 80 | 47| 47 | 174 2
Grand Totals 176 [165)146 | 487 g
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1f there are two blocks per farm the hierachical analysis of variance has
gome additional components This can be illustratcd by a numerical example
(Table 7). The experiment compares three zones, with four farms per zone,
and two complete blocks per farm There are three treatments (o,p and q).
That is z = 3, f (farms) =12, b = 24 and t = 3. The data have been
devised so that q gives the highest values in Zone 1, p in Zone 2 and
o in zone 3. In the analysis of variance {sez below) the d.f. for
“farms-within-zones" is given by (f-1)--(z-1), and for "blocks-within-farms"
by (b--1)-(f-1). The corresponding S.S. are calculated from (farws S$.5. -

zones 5.5.), and (blocks $.5. - farm S.S.), respectively. The ‘farms-within-
zones M.S5." 1s used to test the effect of zones. The analysis of variance is:
Source of variation S.S. d f. M.S. F O]
Zones 67.0 2 33.50 13.40%*
Farms--within--zoncs 22.5 e 2.50
Blocks-within-farms 13.5 ! 12 1.13
Treatments 19.2 2 9.60 13, 71%%%
Zones X Treatments 168 .4 4 i 42.10 60.14***
Farms X Treatments 22.4 22 1.02 1.46
Error 14.0 20 0.70
Total 327.0 7L

There are clearly significant differences between zones, and the effects
of treatments and of zones x treatments are both highly significant,

It is worth noting that, with no hierachy and no partition into zones
and farms, the analysis would be:

Source of variation S.5, d.f. M.S. F
Blocks 103.0 23 | 4.48 1.01
Treatments 19.2 2 G.60 2.16
Error 204 .8 46 4,45

Total | 327.0 71

Neither block nor treatment effects are significant.
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As already pointed out, the analysis can accommodate different
rumbers of farms per zone. It should also bc cvident that the analysie
of non-RCB designs where there is partition into zones, and where there is
interest in zone X treatment and farm X treatment interactions is vastly more
complicated than the cnalysis of RCB designs. This should not preclude or
discourage the use of such designs where they are necessary, but great care
in design and allocation of blocks would be necessary.

2.11 Summary

- For on-farm experimentation, the simplest, most familiar, and
easiest to analyse design is the rendomised complete block (RCB).

-~ If the homogeneity of farms is in doubt it is safer to
have two complete blocks per farm, rather than one. so that
any farm X treatment cffect can be estinated and separated
from the error S.S.

- Where the block size (i.e. the number of plots per block)
is limited by the availability of suitatle uniform land
on farms it may not be possible to uge complete blocks.

- 1In such circumstances designs other than randomised complete
block designs must be used. These include balanced lattices
and balanced (and partially balanced) incomplete block designs.
The analysis of these is more complet than for randomised
complete blocks

~ Where the treatments structure is factorial, confounding can
be used to reduce block size, and fractional replication of
factorials can alsec be so used.

- Increased replication of a control treatment, and testing
one (or morc) probe treatments with fewer replications, are
ways of improwving, or increasing, the information gathered.

-~ Where sufficient blocks of the desired size cannot be sited
on farms, blocks varying in size (i.e. in number of plots)
can bhe used. “Balanced  designs should be used, but the
analysis is less straightforward than for randomised complete
blocks.
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CHAPTER 3. PROBLEMS

These are discusscd uader eight main heads. Lut topics incvitably oVérlqp{
Some of the problems have been referred to iIn © ut.or 2 - with sone solutions
suggested - but arc reiterated here for emphasis.

3.1 Physical

Small farmers in the Eastern Caribbean typically farm marginal lands ™"
on hillsides. Their lands are ofte. characterised by -

- Slopes, which may Le steep and irregular. Any one parcel may
have areas differing in slope .~d in aspect.

~ Gullies and rocky outcrops, and differences in depth of soil.

- The presence of trees, which offer uneven shading and root
interfercnce. ,if trees have been [elled Stumps usually remain.

If a part of the land has been terraced, the terraces may be narrow
and uneven in width, and limited in area.

The sclection of a number of uniform plots on sueh land is not casy,
Even 1if the land is relatively flat, or uniferm 1in slope, rocky outcrops
and trees may be present. A consequence 1is' that block size may have to
be small. What must be avoided is excessive reductions in plot size,
S0 as to increase the number of plots, relaxation of the criteria
for blocking and sclection of only those farmers with flat, ideal land;
and the exclusion of those with more difficult lands.

3.2. Biological

Th2 complexity of many of the cropping systems practiced by small
farmers, both in time and space, also makes selcction of uniform plotg
difficult. Adjacent arcas of land may differ widely in cropping history:
one area may have been weed fallowed with an adjacent area just out of bananas
aud another adjacent area may have carried a sequence of vegetables.

These areas will differ in fertility, weed flora, quantity and quality of
crop residues, cultivation history and so on. Some areas may have been
grazed by tethered aniimals and so trampled and manured. There may be

no clear evidence of previous cropping so that 1t is difficult to
determine houndaries. This heterogeneity of history and use can lead to

intra-plot variations, as well as to inter~plot (and intra-blo¢k) variation.
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3.3. Technical

There is usually no difficulty on a field station in finding .-eas to
accommodate rectangular or square blocks of contiguous rectangula. or
square plots. Marking out is relatively straightforward: blocks can be
pegged out and divided into plots.

On farmer's lands it may be difficult to find areas of sufficient
size into which contiguous and uniformly-shaped plots can be fitted - for
the reasons outlined above. Contiguity is not essential, nor is equality
of shape and size, although extreme variation should be avoided. The
criterion of uniformity of plots within blocks must not be compromised
however.

If terraces are to be used these may curve and vary in width, and
the extent of admixture of subsoil with topsoil may vary both along
terraces and between terraces.

Application of treatments uniformly to plots differing in size and shape
and to plots that differ - between blocks - in slope and in the regularity
of the terrain is also a problem. This is particularly acute with"
fertilizers and pesticides that must be applied at a specific rate per unit
area. Calibration of a sprayer on flat or regular surfaces will
underestimate the volume rate - and hence the application rate - applied
to plots with slopes and irregular terrain..

3.4 Farmers

The farmer is a partner in on-farm experimentation, and so must be fully
aware of the objectives of the experiment, of his responsibilities and
expected contribution vis- a-vis those of the researcher. He should also
understand the expected benefits, both short- and lcng-term.

Some farmer problems that may arise are:

- Reluctance t» apply a particular treatment or treatment component,
or to carry out certaln basal operations, as and when required by the
specifications of the experiment, because it conflicts with his way of doing
things or with his beliefs For example. he may not helieve in applying
fertilizer to yams or may not believe in controlling weeds early.

- Conflict between the farmer's commercial and domestic needs and those
of the experiment. Thus a farmer may reap only a few yam mounds at any one
time, the number of mounds being determined by how much he can sell and use
in the household. This poses problems in the collection of harvest data
from a block of four plcts each of ten mounds. On-farm research is usually -~
and should be - preceded by a thorough study of the target farmers' practices,
but details ~ such as harvesting procedures - may be overlooked.
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~ Premature reaping - in advance of the expected date - may be done as
a response to a market opportunity or to a need for cash. Lt worst there
may be total loss of data from one or more plcts, cr at best a partial loss,
as with crops that are serially reaped {e.g. tomatces, peppers). Even the
most co-operative farmer may find it impossible to advice the researcher of his
wish to start reaping earlier.

- Excessive helpfulness, when the farmer, with every good intention,
hinders the collection cf data or causes a loss of data. Examples
onclude the farmer who clean-weeds all the plots of a herbicide experiment
prior to the cvaluation of weed control, and the farmer who reaps an entire
experiment before the researcher's erxival, putting all the produce in one
large heap.

- Premature adaption of the technology under test will lead to
a loss of data, encouraging as it may be. An example is the farmer who,
impressed with the logic of mulching, decides to mulch the unmulched
plots as well.

- Bias in favour of cne particular treatment sometimes occurs or is
suspected. The farmer may favour what he regards as "his" plot, which will
usually be one of the control treatments. This may be weeded first or more
frequently than the others. This problem may arise because the farmers
consider responsibility for the other plots to rest with the reseocrcher.

- Drcp-outs can occur for several reusons, resulting in the loss of
one or more blocks from the experiment. Farmers may drop-out because
they disagree with the practices required, or prefer to do things thelr way:
or because they consider the demands of the plots on their time and resources
excessive and unreasonable or because they fail to see any potential

benefits from the experiment.
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3.5 Planning and Design

There are several questions to be asked and answered.

-~ How many treatments to include in the experiment? This will depend
in part on the objectives of the experiment and on the step: in the programme.
(Fig. 1) For instance, an experiment on fertilizer rates ard times of
application at Step 5 will have more treatments than an alternative system

experiment at Steps 9 or 10. Not all the treatment ccmbinations of a factorial
array need to be tested: a subset of those with most potential may be
adequate.

~ How many farms; and how many bLlocks or replicates per farm?
This will depend on the logistics of laying-down and conducting the experiment,
and on the homogeneity of farms within the agro-ecological zone. At step 5
it may be useful to cover a wide range of zones, in order to estimate and
evaluate zone X trecatment interactions. At steps S and 10 separate
experiments in each zone are preferable, with these experiments differing
perhaps in some details of the treatments. Where farms are expected or
suspected to be heterogenecous more than one block per farm is to be
preferred. It may be desirable to select farms with some heterogeneity - at
least at Step 5 - to investigate interactioms.

- Equal or unequal replication? In designing an on-farm experiment, -
it may be useful to increase replication of one or more treatments.
These might, for example, be the farmer's practice and the basic recommended
practice, with the other treatments -- with less replication - being variations
on the basic recommendations. In a crop protection experiment it may be
useful to have increased replication of the untreated control treatment,
80 as to obtain a more precise basis against which to measure the performance
of the treatments. Or on a subset of farms, selected perhaps because they
can accommodate larger blocks, one or more 'probe’ treatments could be
included. Both complete and incomplete block designs to accommodate
unequal replication can be used, and appropriate methods of analysis are
available.

- What control (or check) treatment (or treatments) to include?
If the control is to be “farmer practice” how uniform 1s it? 1In a yam
experiment for cxample, one treatment factor was ''farmer bit size", but
this ranged from 11 to 64 oz, and probably contributed to the large error
5.5. in the analysis of variance.

~ What plot shape and size? There are no kard and fast rules. Plot:
size must be adequate to represent the crop being grown and to provide
reasonable estimates of yield, pest attack and so on. Plot shape

should not vary so much within blocks that the intra-plot environment varies.
A square plot and a long narrow plot comprising one crop row are clearly
not comparable. Guard rows are necessary in some experiments, especially
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crop protection experiments, but may be unnecessary in other types of experiment
particularly if plots are contiguous o surrounded by the crop so that edge
effects are minimal. Plot shapes may have to differ within and between

blocks to conform with the land arcas available (Figs. 11 and 12).

~ How much overall replication?  How mary plots and blocks can be
accommodated on the selectad farms?  What experimental design to use? These
questions are inter-related and depend on the aneyers to the above questions.
Some rethinking of treatment numbers may be necessary, if block size must
be small. Or an incomplete block design may be necessary if treatment
number cannot be reduced. Attention must also be given to the expected
heterogeneity of farms, and possible interactions.

Ciearly, planning and the choice of the overall design must be an
interative process.

3.6 Management

The  farmer must be clear as to his responsibilities in the management
and conduct of ine experiment. Equally the researcher must be clear
as to his responsibilities. Problems that can arise, for a variety of
reasons include:

- Wrongly-applied treatments. The wrong plot may be treated,
or the treatment may be applied at the wrong time, or may be applied to
all the plots in the block or on the farm. Some information may be
galvageable, but the block or blocks may be totally lost depending on the
rature and extent of the error. ‘

~ Non-uniform application of experimental treatments to plots. This
will lead to intra-plot variability and increase the error S.S. in the
analysis of variance. Half a plot may be weeded today and the remaining
half weeded next week, for example. :

_.Non-uniform application of a non-varying (or basal) practice. This can
increase both intra- and inter-plot (intra-block) variability. For instance
‘a basal fertilizer application may be spread unevealy, or applied -over
“a period of time to different plozs.: '
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3.7 Data Collection

This 1s the responsibiiity of the 'researcher. Even 1f Extension
Officers are responsible for overseeing the experiment (as in Step 10:
see Fig, 1) the researcher must decide what data is to be collected, how and
whan. He should prepare guidelines and proformae  to ensure, as
far as possible, uniformity of data collection and of recording.

Data collection costs time and -money, so a problem to be
“addressed 1s what (or how much) data to collect. This must be resolved
and determined at the planning stage.

The data and information to be collected is of four main types.:

- Primary data: that data essential to evaluate the
experiment and achieve the objectives.

~  Secondary data: that data which is desirable to assist
in interpretation of the results.

~  Supporting data end-dnformatdon: the calendar or diary of
the experiment. ’

. et e e

alternative systems and in technology transfer.

Examples of these different types are given below. Specific needs
will vary with the crop and the nature of the experiment. More data
and information 2re necessary atr steps 5 and 2 than at steps 10 and 11.
Primary and secondary data must be collected plot-by-plot, but it will
usually be sufficient to record supporting data by blocks or by farms.

Primary Data- Total yields. marketable yields, numbers, sizes,
average weights. etc. In crop protection experiments prim.ry data includes
counts or estimates of weed numbers or cover crop damage, insect
or lesion numbers and so on,

Secondary Data: Plant numbers, heights, branching. time of flowering,
lodging, shattering, weeds and weediness. pest and disease incidence.
soll nutrient levels, soll moisture levels and so on.

Supporting Data-

Dates of land preparation. planting. thinning.
fertilizing, weeding, spraying. reaping and so on.

Farm and Production System Infosmation: Physical data on rainfall,
goll type, slope. aspect:- blological data on cropping history, other
crops grown, intercrops, major weeds, pests and diseases: soclo--economic
data on farm and family size, labour resources, level of purchased inputs
and sales: and information on cultural practices used.
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3.8 Missing Plots and- Blocks

Plots can be "lost' as a result of some of the problems discussed
above, No data at all or incomplete data, may be obtained from one
or more plots in an experiment,

An entire block may also be "lost , and where there are two or
more blocks per . farm., one or more entire farms may be lost" or
provide only partial data.

Data that 1is suspect because of suspected misapplication or
wrong application of a treatment should be regarded as ‘lost”

Missing data complicates the analysis of variance. and reduces
the precision of . .significance tests.
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CHAPTER 4. SOLUTIONS

There are no simple universal solutions to the problems posed above.
Researchers engaged in on-farm research must be pragmatists, willing and
able to develop solutions to problems as and when they arise. The following
discussion provides suggestions only as to how some problems of on-farm
experimentation can be addressed.

4.1 Physical

Thorough site inspection is essential to decide the siting of plots
and blocks. Plots within blocks must be as uniform as possible with regard
to soil type and depth, slope and so on. Some variation in plot size
within blocks can be tolerated, and certainly such variation can be allowed
between blocks and between farms. Perhaps a variation of up to 20% less
than the desired or optimal size can be tolerated. Plots need not be
contiguous and can be separated by outcrops, trees, ditches or gullies, etc.,
provided they satisfy the criteria for blocking.

If site inspection suggests that several of the selected farms
‘cannot accommodate complete blocks of adequately sized plots, then °
three optinus are available-

- review the array of treatments to see if the number of
treatments can be reduced, or if a subset could achieve
the objectives of the experiments' ;

- look for farms that can accommodate complete blocks of
the desired size;

- consider an incomplete block design-

4,2 Biological

Site inspection must take cognisance of shading, cropping. history,
crop and weed distribution and so on in siting plots and choosing blocks
on farms. The farmer should be consulted on his cropping patterns and
cropping history, use of fertilizer and so onm, on-site,



54

4.3 Technical

It has already been stated that plots within blocks do not need to be

 contiguous, nor exactly the same shape and size -- though extreme differences
must be avoided. Apart from ‘'statistical’ considerations, the data from

plots differing in area must be adjusted to a standard area before analysis .
The need for guard rows should be critically examined for each experiment.
Differences 1in plot shape and size between blocks are preferable to
differences within blocks, but a flexible approach is necessary. Fig. 15.
shows an extreme case where plots differing in shape might have to be
used. Fig. 16 shows the simplest and ideal arrangcment, but Fig. 17 is
also perfectly satisfactory.

Marking out mag require some ingenuity and will entail more work
if plots are not contiguous. If plots of differcnt shapes have to be
used, then some simpic calculations of the linear dimensions necessary to
glve equal arecas will be necessary. A cketchk map, with approximate
dimensions, will help in deciding what plot shapes and sizes can be used.
Where terraces vary in width and curvature, plots of very similar area
can be marked out fitting geometric shapes (Fig 18). Alternatively,
the "linear run of rows' can be used.

The problem of basal or treatment application at a specified rate to
plots of different shapes and sizes can be resolved by applicatior to a
larger more conveniently shaped plot (Fig. 19), i€ space allows, or by
application on a row-by-row or plant--by-plant basie where this is possible.
Where aplicaticn is by sprayer, on-site calibration 1is essential,
adjusting the amount of concentrate accordingly.

One obvious solution to these problems is tc choose only farms with
adequate space and easy terrain. Such farms may not be representative of
all those in the domair.however. Additionally, it would be wrong to exclude
co-operative and enthusiastic farmers on the grounds that their land was
less than ideal. Where plots are scattered on a farm (i.e. not contiquous)
proper pegging and labelling of each plot is 2ssential.






A situation where plots must be non-contiguous, but can be
standard iun size and shape.

Fig. 18
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4.4, Farmers

Most 'farmer problems" can be avoided by clearly explaining to the
farmers - either on an individual basis or in a small workshop meeting -
the following:

the objectives and rationalc of the experiment,
- the expected long-term benefits that should result,

- the experimental procedures proposed, including the
"critical™ requirements,

~ the anticipated contribution of the farmer (e.g. land, labour
planting materials, etc.),

- the inputs, material and otherwise from the researcher,

- the short-term benefits to the farmers and any guarantees
against failure or loss:

- the time schedule {avolved.

Farmer response may require modifications to the procedures. The farmers
contribution will change as the programme advances: he will make greater
inputs at step 10 than at steps 9 and 5. Extension officers should be
involved from an early stage. They can assist in farmer selection, and in
supervision of the experiments and in data collection. At step 10
extension officers are very much invalved, more so than at the earlier
steps, but should be involved at every step.

Specific points that require resolution are conflicts between
farmers' practices and experimental and data collection procedures, and
the willingness ard competence of the farmer - and his workers - to
carry out tasks which may be unfamiliar. It may be necessary for the
researcher to demonstrate and train workers in such tasks.

Regular visits by the researcher must be scheduled, to monitor
the experimental plots to assist in unfamiliar tasks, to apply certain
treatments - if this is not the farmers responsibility - and to collect
data, including concomitant observations. The farmer may request advice
on other aspects of his farming system,and willingness to give such advice may
help to engender a spirit of co-operation and mutual goodwill.
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TABLE 8. The number of blocks required in a randomised corplete block
design for different numbers of treatments, to give
approximately 20 or 30 error d.f., assuming no partition
of error.

For approximately 20 error d.f.
No. of treatments 2 3 4 5 6 ' 7 | 8
No. of blocks 21 11 8 6 5 4 4
Error d.f. 20 20 21 20 20 18 21

For approximately 30 error d.f. {

No. of treatments 2 3 4 5 6 7 8

No. of blocks 31 16 11 9 7 6 5

Error d.f. 30 30 30 32 30 30 28
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TABLE 9. The allocation of d.f. in the analysis of variance
for different number of treatments and farms, with
tuo or threc blocks per farm, assuming a randomised
conplete block desipn.

No. of treatments 2 2 2 2 3 3
No. cf farms 12 20 8 12 6 12 6
Blocks per farm 2 z 3 3 2 2 3
Total No. of blocks| 24 40 24 36 12 24 18
DEGREES OF FREEDOM {Qd.f.)

Farms 11 19 7 11 5 11 5
Blocks -within

farme 12 20 16 24 6 12 12
Treatnents 1 1 1 1 2 2 2

o et 11 19 7 111, 10 22 10
rrror 12 20 16 24 12 24 24
Total 47 79 47 71 35 71 53
I'o. of treatnments 4 4 5 5 6 6 8
I'o. of farms 9 6 6 4 5 4 4
Biocks per farm 2 3 2 3 2 3 2
Total No. of Blocks| 18 18 12 12 10 12 8

DEGREES OF FREEDOM (d.f.)
Faims 8 5 5 3 4 3 3
Blozlro-within
farms 9 12 6 6 5 8 4

Treatments 3 3 4 4 5 5 7
Farms X Treatments 24 15 20 12 20 15 21
Error 27 36 24 32 25 40 28
Total 71 71 59 56 59 71 63




62

Note also that with a RCB design, as the number of d.f. for treatment

increases, so the acceptable” d.f. for erw:av ¢icreasen. ¥or instance,
with 3 d.f. for treatment, 18 d.f for error would be acccptable, but with d.f.

for treatment, it would be prefcrable to aim for 24 d.f. for error. The
two experiments would comprise 7 x 4 = 28 plots and 4 x 9 = 36 plots.
Where experience suggests that ccefri.’-mita of variation are high, additional

replication (i.e. more d.f. for erroi) is advisable.

Experience with incomplete block designs for on-farm experimentation
is limited. Jith one incomplete block per farm, block totals may vary
widely, and no test for farm X treatment interaction can be made. Such a
design should bz used only where neccssitated by the number of treatments
and by limits to block size per farm. Ferms should be reasonably
homogeneous, however. The same constraints apply to several other designs
including fractional replication of factorials, confounded factorials
and designs with varying bleck sizes. In fact, more than one incomplete
block, or more than onc block of a confounded factorial could be located
on a single farm. Nor is it essential for all farms to have the same
number of blocks, complete or incomplete, although uniformity in block
number per farm simplifies analysis and is to be preferred.

The choice of the control treatment(s) is important and requires
careful thought. There arc three options

- “regnorcker control'’ which might be unrealistic in practice,
but which provides a base for comparisons. This might be no
fertilizer comnlete removal of weeds, no pest control etc.,

- "average farmer practice” which requires a full understanding
of farmer practice and its variatfons,

-  Uindividual farmer practice” that is the practice of each
farmer collaborating in the euperiment. ‘

The first of these may be necessary, but may “interfere’ with
the other treatments, as in the example of no pest or disease control.
If all frrmers use fertilizer, use same pest and disease control
and so on, this trcatment can probably be dispensed with. The second
option is perhaps the best control treatment, since the intention of the
experiment is to improve upon farmer practice and this provides a consistent
and uniiorm control. The third is valuable in demonstrating to individual
farmers how his practices could be improved, ard perhaps in showing the
researcher how his practices could be inproved. The control treatment may be
very inconsistent btetween farms, however. The individual farmers' practices
rnust be well-documented if this treatment is to be of value.

It would, cf course, be pessible to include all these control treatments
in the experlment but this would iucrease block size. Not all need be
included in the analysis of varicnce however: ‘individual farmer practice”
might give extremely variable data. 1t would be important to calculate
the variances of the individual trzatments in any case, since the analysis
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of variance model requires variances to be broadly similar. In determining
"average farmer practice” it might ke possible to separate farmers into
homogeneous groups with respect to one or more component practices and to
include this grouping in the analysis of variance (as zones or domains -

see 2.10) .

Where the number of treatments is large, so that it will be difficult
to find land for two complete blocks per farm, it may be desirable to reduce
the number of treatments by further field station research, This will delay
the start of on-farm experimentation, but should result in the rejection
of some,at least,of the poorer treatments . If this cannot be done, then
an incomplete block or confounded factorial design may be necessary so as to
reduce block size. Such designs tend to require greater overall -
replication however, and therefore more plots, than complete block designs.
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4.6 Managemant

Pioblems of mancgement can generally be rasolved by careful
explanzticn to tte fairmer of the time schedule and of the importance
of timeliness and uniformity of treatment and bzcsal treatment application.
Regular visitc to or-fainm plots are essentisl for proper monitoring and
corzecti~n of cry departures from the intended schedule.

4.7 Data Collertjon

The collcction, wecording and storafe of data must be organised
50 as to avold om’ssions, crrorc and loszes. This 1is particulcrly -
s0 wnerae reveral tachnicians are involved, each overseeing a subset of
tha farins,

Pro-formze uill facilitate accurate recording, and can serve
as reminders of thue dota to be collected and of ohservations to be

mace bt cach fzrn visit.,  They may peed to be d2sigred co as to be compatible
with computer syctens fer dato storage and analysis. Dates of recording

nust be noted. this is -casily overlooled.

Pegular observations of on-farm plots ccn often sugpgest concomitant
variablec that chould be recorded. As far as possible, such observations
chould b2 anticipsated and planned for. Something unexpected may show up
however ~ for ciample the incidence of & disease or pest may appear to dlffer
betueen tyeatmerts, Comr standard method of observation should then be
used, This might b a score or rating - and many scoring or rating schemes
have been develepsd ernd uliely used. Even 17 the pest or disease problem
is scrious on only a for foras the information is important and should be
recordcd. '

An erample of the valune of concomltant ohservztions and their use in co~
varlance enaliicls giveon pelow, Tie Gate (Table 10) represent yields
{,) and wecdiness secrme ) from a ROh experinont on five farms (A-E) with

two blocks per faim.  Ucedluess was estimated on each plot a few weeks
before reaping »a a schemz 1In which ) = no weads and 9 = complete weed cover.
Analyscs of vavianza rciow that treatments differed slgnificantly both in
yleld () and wreadices 40).  Farrs difforad gignificantly in yield,

but not in . veediness. To wnat extont ic the effect of treatments

on yleld attributzble %o their effect on veed’ ness, recognising that

veeds affect yi:1ds?  Ie there any relations™ip between weediness

and yicld?

.
i

~
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TABLE 10. Plot values (hypothetical) of yield (y) and weediness
gcores (¥) for o RCD experiment with three treatments

(a - ¢), two blocks per farm and five farms. (See 3.7).
Treatment Totals Treatment Total

Farm Bloclks a b c (y) a b c (x)

1 11 5 9 25 2 8 4 14

A 2 | of e | 27 | 3| 3| s 11

Pl 14 17 52 5 11 9 25

3 14 7 12 33 1 & 3 12

B 4 15 11 10 36 1 5 4 10

29 16 22 69 2 13 7 22

C 5 13 7 9 29 2 6 5 13

6 12 8 10 30 6 4 13

25| 15119 | 59 | 5| 12| 9 26

D 7 9 g 7 24 3 5 6 14

S 11 4 6 21 4 9 6 19

20 12 13 45 7 14 12 33

9 i2 11 13 36 4 6 3 13

E 10 15 14 10 3¢ 1 1 8 10

27 25 23 75 5 7 11 23

TOTALS 122 84 94 300 24 57 48 129
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TABLE 11 (A-D) Covariance analysis of the data of Tables 11 (A-D).
Table 10 gives the sums of squares (S.S.y and S.S.x)
and products (S.P.xy) . Tables 11B and D show the
calculations of the regression co-efficients and of
adjusted S.S. y's and M.S.'s, and Table 11 C shows the
calculation of adjusted means.

Table 11A
d.f S.S.y S.P.xy S.S5.x
Farms 4 99.3 -29.7 12.5
Blocks-within-farms 5 5.4 - 6.0 7.8
Treatments 2 77.6 -67.2 58.4
Farm X treatments 8 14.1 -12.6 24.7
Error 10 39.6 ~-39.,5 40.9
Total 29 236.0 ~-155.0 144.3
_TABLE 118 ~
B T T N | g PO YT 5 e i —
G.2xy)” (5.0 xyf
S.S.y | S.P.xy| S.S.x| S.Sx S.x |d.f. | M.S. | F.
Farms 99.3 -29.7 12.5 - 41.1 4 10.3 51.5
Blocks-within-
farms 5.4 - 6.0 7.8 1 4.6 0.8 (5-1) 0.2
farms + Blocks '
within-farms 1u4.7 -35.7 | 20.3 | 62.8 41.9
b* = -0.769 F = 4.6/0.2 = 23.0 (1 84 d.f.)
TABLE 11C
_ X (x-%) b (x-x) y . y-b' (x-x)
A 4.17 |~0.13 | +0.10 8.67 8.57
B 3.67 {~-0.63 | +0.48 11.50 11.02
C 4,33 |+0.03 | -0.02 9.83 9.85
D 5.50 {+1.20 | -0.91 7.50 8.41
3.83 [-0.47 | +0.36 12.50 12.14
TABLE 11D -
2 S.S.y-
P, DY 2
. (§.P.xy) (5.P.y)
S.S.y S.P.xy | S.5.x| §.5.x S.5.x d.f.| M.8. F
Treatment 77.6 -67.2 58.4 1.0 2 0.50 2.64
Error 39.6 -39.5 40.9 | 38.1 1.5 9 0.17
Treatment +
Error 117.2 |-106.7 | 99.3 [114.7 2.5

b' = -0.966 F = 38.1/0.17 = 224(1&9 d.f.)
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For analysis of co-yariance, the sums of square for yleld (S5.S.¥)
cnd for weediness (5.S.x) and the sums of products (S.P. ky) are requited.
T125.S. x°s and S.S.y's will have been calculated for the analyses of
variance. Note that the sums of products are all negative in this
nxample (Table 11 A). Since one of the objectives of covarlance analysis
15 to examine inter relatienships, the first steps are to cstimate a
regression co-efficient and determine its significance. Looking first
at farms, the blocks-within-farms regression co-efficient (b') is calcualted
Zrom

b' = S.P..:
S.5 .
using the blocks-within-farms S.S.x and S.P.xy (Table 11 B). 1In this
cvample the value of b' = 6.0/7.5= < 762, An F--test to determine if this

value 1s significant: 1if it 1is not, further calculations are unnecessary.
T 1s calculated - using the blocks-within-fa'ms line only from

[ St 2

S.S.x d.f. ~ 1

F = (S.P.::")2 / S.S.y - ((S.P.i:j')2 / S.85.%x))

Zn this example F = 4.6/0.2 = 230, which, with 1 and 4 d.f. is highly
significant, Note that the S d.f. for blocks--within-farms is partitioned
into 1 d.f. for the regression and a "residual” with 4 d.f..

The yield sums of square (S.S.Y) for farms is now adjusted for the
ngression. This is done in a roundabout way, using the farms and blocks-
-7ithin-ferms totals: from this line 1is calculated:

S.S.y *((S.any)z / S.5.%)

In the example, this is -

104.7 - (35.72/20.3) = 41.9:
from this is subtracted the comparable quantity calculated from the blocks-
within-farms line, which 1is -

5.4 - (=6.0%/7.8) = 0.8

“o give the adjusted farms S.S.y (41.9 - 0.8 = 41.1). The mean squares are
now derived, noting that the adjusted mean square for blocks-within-farms
“15 one less d.f. than in the original analysis - one d.f. has been "lost"
to the regression. The F value for farms (51.5) is higiily signivicant.

It might have happened that the effect ¢f farms was no longer significant
after adjustment, indicating that the differences in yield were largely
czcovnted for by the differences in weediness.

Farm mean yields are now adjusted, as shown in Table 11C. Each
Zarm mean for y is adjusted by _an amount which varies uiccording to the deviation
of the farm mean for x from x , the overall mean of x. Tests of

nsignificance of differences betwean pairs of adjusted means requires the
calculation of separate 't' values, but this is not shown here.
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Turning to the treatment and error lines (Table 11B), a comparable
series of calculations is done. The value of b’ (~0.966) is highly
significant, but the adjusted mean square for treatment is not significant.
There 15 no point therefore in computing adjusted means. This result can
be interpreted as indicating that differences bhetween treatments in yield
were largely due to differences in weediness. /i cautionary note is necessary:
covarilance analysis does not necessarily indicatc a casual relationship.
Yield might have been determined before differences in weediness become
apparent, and these differerces in weediness mey be due to differences in
crop growth, plant form, sh ding and so on. Generalising, y may not be
casually dependent on x. both y and x being casually related to an
unsuspected (or unrecorded) variable z.

4.8 Missing Plots and Blocks

The best laid plans and most meticulous execution, cannot ensure
no loss of data, but can reduce the likelihood. The loss of recorded
data by careicssness is inexcusable and can be avoided. Loss of data
from one or more plots in a block, from an entire block and from
an entire farm can occur as a result of misunderstandings with the farmer,
livestock damage, praedial largeny and so on. This should be borme 1in
mind at the design stage: there should be sufficient d.f. for error to
accommndate some loss.

A value for a2 single missing plot in a RCR experiment can be easily
computed. If a' is the missing value (of treatment a), then an estimate
of a' is given by -

a' = rB'+ET -G
(r - 1) (£ - 1)

where B’ 1s the total of the remaining plots in the blerck, T' is the total
of treatment a  from the remaining blocks and G is the grand total.

If data from several plots are missing (a', b' and c¢' for instance)

values are assumed for b’ and c¢' and a value for a’ estimated as above.
Using this value, and the assumed value of c‘ an estimate is then made of

b', and then c' using the estimated values of a’ and b'. The calculations
are repeated iteratively urtil the estimated values do not differ substantially
from those found in the previous cycle. One error d.f. 1s lost for each

estimated plot value.

For incomplete block designs more complex formulae than the above
must be used. But the general method of analysis (Appendix ) can
accommodate some missing plots, and even blocks.



69

If the data from an entire block is lost, or from both blocks on a
farm wherc the desipn has two blocks per faru no cstimaticon ¢f the missing
plot and block values can be made. Hewever  the loss of ) say, two plots out
of four in one block should not cause the researchir to abandon the entire
block: data from the two remaining plots is still usceful . and methods
of analysis are available to accommodate thie cituation.

A more serious situation arises wherce cnc or more entire blocks are
lost, perhaps because the farmer reaps the plots without advising the
researcher, or becausc of livestock damage Suppuse for cxample that
in the data of Table 6, Farm I was cntircly lost (c.p. both blechks reaped
pprematuerly) and that blocks 6 and 8 were alse lozt, duc te severe
livestock danmage The data now comprisc plet values from only six blocks,
two each on Farms A and B and onc cach (5 and 7) on Farms C and D. No
longer can the effect of farms be estimated, nor the farm x treatment

interaction effect, in the analysis of variance. The analysis now becomes:
‘ Source of variation 5.S d.f. M.S. F i
Blocks 316.0 5 63.20 2.72
! Treatments 40 .5 3 13.50 1.0 |
; Error 343.0 15 23.20

3 Total 704.5 23 ;

lotting the data as in Fig. 14 (sec 2.8) would indicate that there is
evidence of a block x treatment Interaction.

Since methods of analysis are availlable for experiments with unequal
replication, data from experiments with more than cne missing plot per block

from several blocks. can be analysed. Clearly, if data from only one or
two plots of a particular treatment are available, that treatment cannot be
included in the analysis But if the loss of those plots was due to discase or

lack of rainfall, that is a2 significant” result  indicatine disease or drought
susceptibility.

Clearly, every cffort must be made to avoid loss of plots and blocks and
of recorded data. This may requirc fencing (which is an added cost) or simply
securing the full co -operation and understanding of the farmer. It is also

advisable to increase the¢ overall replication, sc as to ensure, as far as
possible, sufficient replicates, in the event that one or nmore replicates are
lost, This will usually nean increasing the number of farms but in an
experiment with one complete block per farm it may be possible to put
additional blocks on two or three farms at minimal extra cost.
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APPENDIX

The Analysis of Variance- A General Method for Designs
arranged in Blocks, and accommodating Incomplete Block
Designs, Missing Plots and Unequal Replication.

The general method of analysis describted below can handle most designs

arranged in blocks. Difficulties arise if there are disconnections in
the design, that is, some treatments occur only in certain blocks with the
other treatments occuring only in the other blocks. This can occur in

confounded designs.

The data used as an example are arranged in two ways: Firstly,
as an incomplete block design with some double replication within blocks (Fig.
20 A) ', and secondly, as a randomised completc block design (Fig.20B)
Both designs have 20 plots, with five treatments rcplicated four times.
The design of Fig. A has nothing to commend 1t, and 1s used for its
iilustrative valuec only.

The data cof the incomplete block design give an incidence matrix

as follows ~ to chow the number of times each treatment occurs in
each block.
5 BLOCK
(1) (2) (3)

a 2 0 2

b 2 2 0

c 1 1 2

d 1 2 1

e 0 2 2 !

1

—

Block totals are 59, Ol and 83 based un 6,7 and 7 plots respectively (Table
20 A ) Block means are therefore 9.833, 11.57). and 11.857. Tre:tment

totals are:, 44 ;i b, 35; ¢, 46; d, 51: e, 61.
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Fig. 20. An incomplete block design (A) and a randomised complete block
design (B), to show the use of the general method of analysis of variance.
The plot values are the same for the two exrcriments.

A B
bl a c d a b f¢] bl a d ' c |
(1) a) ,
10 8 12} 14| 7 16| 0] 8 |16 |12 |
(2) cl b el d b e d c a ! e b d
1110 14| 12 16 11 (2) 11 7 14 8 12
(3) al ¢l d| e} c| e| a (3) b c d ¢ a
6113 14 ] 15} 10} 15 9 10 13 14 15 9
@) dl ¢ | | b ’
11 10 16 7 J
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Table 12. Plot values from Fig. 20 A and B arranged in order with block
and treatment totals.

A. Incomplete block design (Fig. 20 A)

Blocks Treatment
1) (2) (3) Totals
a, 8 b,10 =z 6 a, 30
a, 7 b, a. 9 b, 35
b, 10 ¢, 11 ¢, 13 c, 46
b, 8 ¢, 12 «c 10 d, 51
c, 12 d, 11 d, 14 e, 61
d, 14 e, 14 e, 15
e, 16 ¢ 16 Grand total, 223.
Total 59 el 83

B. Randomised complete block design (Fig.20 B)

Treatment
Blocks Totals
(1) (2) (3) 4)
a 8 7 9 6 30
b 10 8 10 7 35
c 12 11 13 10 46
d 14 12 14 11 51
e 16 14 15 16 61

Total 60 52 61 50 223



The adjusted trestment totnls (Q) are calculnted by taking each
treatment total and subctrnctirg the block menns, weighing for the numberx
of times the treatment rccurs in zach block. For instance:

Qo = 30 - ((Z w 2 822} + (2 2 11.857))= 43 350,
Qb = 35 - ((2 ¥ 2.¢33) ~ (2 x 11.571,)~ - 7.808
Qc = 46 - ( © 033 4+ (2.x 11 571) + 11 857) * = + 0.882
and so on. Qd = + & 169 and 92 = -+ 14 144, The sun of the Q's should be

zero, but routding off may elve 1 small deviation frem zero.

The main pare of th. caleculaticon 10 an itoration, shown below. This

is continurd until fortior repeticion has no eff ek The purpose of this
iteraticn is tc find th2 true effzcts of treatments after allowing for
differcnces duc to blocks Tne vecrors v, v, v, cte. are calculated for

1,72 >
each trecatment and in cemmnarable fashion valucs for blocks (nl‘ u,. v3, etc

The vector v, i5 estamarted by dividing adiusted treatment totals by
the number of nlots  “receiving cach treatment < this case 4 for all
treatments., Thus for trentment a the value is  13.380/4 - 3.345, for
b--7.802/4 = - 1.652 and s0 en. he u, valves for hlocks, are estimated
from the v, values nultiplying each ~lenent by the numbzr of times it occurs
in each bloc! . For cuznpze, {or bleck 1 ) is ectinated from

((2 % =3.343) ~ (2 % -1.952) + (+0.220) + (+ 1.542))/ 6 = ~1.472
and for block 2, fron

((2 % -L.952) 4+ (40 220) + (2 x +1.542) + (2 x +3.536)) / 7 = 40.925
and sinilarly for bloch 3.

Next v, i~ projuceed wusing the values in u,. For treatment a, each
element of ul" is maltiplied by the number of timeE a occurs in the bhlock, thus,
(22 1.472) + (& x +0.33)) /4 = ~0.567
and for treatminc ¢,
(-1.472 4 (2 » 40 225) + 0 330)/4 = + 0,173
The sum of thc Y1 elep-nts chould be zero, allowing for small deviations due
to rounding-off .

From Vg, the values of u, are projccted. Thus for block 2,

((2 % =0.274) +0.032 + (2x0.179) + (2 x 0 632))/7 = + 0.158
Then frow u, . th: elcrents of v, are derived, and so on. At cach step. the sum
of the Yy Vo .V, elemrote ete. should cqual zero. Any sizeable deviation
from zero should bc checked for errors. The iteration continues until only

zero values, or values clcsz to zero are .derived .
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Y1 V2 V3 Y4 Vs M3

2 0 2 | (4) | -3.345{-0.567 | 0.097 | -0.016 {-0.003 |0 000
2 2 0 | (4) | -1.952{.0.275| 0.044 | -0.001 |-0.001 |0 GOO
1 1 2 | &) | +0.220 | +0.031 |+9.005 | +0.001 | 0.000 |0.000
1 1 2 | (4) | +0.220 | +0.031 | +0.005 | +0.001 | 0.000 |0.000
1 2 1 | (4) | +1.542 [40.178 | +0.031 | +0.006 | +0.001 |0.000
0 2 2 | (4) | +3.536 | +0.632 | +0.105 | +0.008 |+0.003 |0.000
(6) (7 (7) |

-1.472| +0.925 | +0.338 | u

-0.245! +0.158 | +0.053 | u

2
-0.041! +0.027 I+0.009 u, l
-0.007 | +0.005 | +0.002 u, |
~-0.001| +0.001 | 0.000 ug l
l

The purpose of iteration is that the effects of treatments, known as

the treatment parameters. are best estimated by the elements Vi Vou Vaeen.n.

Thus for treatment a, the parameter is given by (--3.345) + (-0.567)+(0.097) +

(-0.016) + (-0.003) = =4.02¢. So the treatment parameters are:
a ~4.028- b  -2.275. c. 40.257: d +41.757 o +4.,2G4 .,

A check is to nultiply each treatment parameter by the respective treatment
replication and sum the products, which should sur to zero

(4 x -4.028+ (4 x -2.279) + (4 x 0.257) + (4 x 1.758) + (4 x 4.294) = - 0.008.
The deviation is accounted for by rounding-off errors. iwte that with equal

replication, there is no need to include the 4 in each bracket for this check.
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The adjusted treatment means arc given by adding the general mean (223/20 = 11.15) to

each parameter’ -
a=11.15 + (-4.028) = 7.122, and b = 8.R71
c = 11.407 d=12.308, e = 15.444,
The sum of squarcs for treatments can now be calculated by multiplying

each adjusted treatment total (Q) by the corrgsponding parameter and summing the

products, thus:

(-13.380 x --4.028) + (-7.808 x - 2.279) + (0.882 x 0.257) + (6.1bo X 1.757)

+ (14.144 x 4.294) = 143.49.

An analysis of variance can now be done. The within-blocks S.S. 1is
calculated from the sum of the squared individual plot values less the block totals

squared and divided by the number of plots in cach block:

@2 + 7% + 102 ... 157 + 167) - ((502/6) + (812/7) + (83%/7) =
2667.00 - 2501.60 = 165.40

S.S. d.f M.S. F.
Treatment 143.49 4 35.87 21.22
Error 21.91 13 1.69
Within-blocks 165.40 | 17
L Lo ]

The d.f. are 5-1 for treatments and within-blocks the total number of
plots less one (19) minus 2 for blocks (3 - 1) = 17. So for error there
are 17 - 4 =13 d.f.. The F value of 21.22, with 4 and 13 d.f. is highly

significant.

It is possible to adjust for blocks, in similar manner to the adjustment
for treatments and to estimate residuals (i.2. the difference between
the “expected" and actual values) for each plot. The sun of the plot
residuals equals the §.§. feor error.

Had the experiment been laid down as a RCB design, with plot arrangement
and values as shown in Fig.203, the above method of analysis could also be used.
This example 1s given solely to illustrate the versatility of the general method.
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Qa = 30 - (12.00 + 10.40 + 12.20 + 10.00) - 14.60

Qb =35 - 44.6 = -9 60
Qc = 46 - 44.6 = +1.40 and
Qd = + 6.40 and Qe = +16.40,

The incidence matrix comprises ones only, as shown.

Y1 V2
1 1 1 1 (4) -3.650 0.000
1 1 1 1 (4) -2.400 0.000
1 1 1 1 (4) +0.350 0.000
1 1 1 1 (4) +1.500 0.000
1 1 1 1 (4) +4.100 0.000
(5) (5) (5) (5)
0.000 ©C.000 0.000 0.600 u
92

The “1 elenents are all zero, and the Vz elementc are nlso all zero. Treatment
parameters are therefore the ”1 elements only. The 5.S. for Lrentwents (n the-raforns
given by:
(-14.60%-3.550)--(-9.60x ~2.400) + (+1.40 x +0.350) + (+6.400x +1.600) +
(+16.40 » +4.100) = 154.30
anl the within-block S.S. by
8 +10% + 1224+ 142 0112 4 162y - (60?4 522 4 61%4+50%) /5=
2667 - 25G5 = 152,00
So the analysis is:

S.S. d.f M.S. F
Treatment 154.30 4 38.58 60.27
Error 7.7C 12 .64

Within-blocks 162.00 16
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This may be compared with the more familiar method of analysis of a

RCB design:

S.S. d.f. 1. 8S. F.
Blocks 1£.55 3 6.16 9. 66
Treatments 154.30 4 38.58 €0.27
Error 7.70 12 0.54
Total 180.55 16

This gives a blocks S.S., and the effect of blocks is clearly significant.
The general method of analysis is versatile and can handle, inter alis

the following:

- incomplete bLlock designs,
~ designs with planned unequal replication;
- experiments with incorrect application of treatments

(so giving unplanned unequal replication)

- data sets with missing plot values.
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- number per Zorm

- number required
blocks-within~-furms

blociks-withln-zones
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Page No.

66 - 67
75

28 - 29
1- 2
64 - 68
85 - 86
23- 26
20 - 22
27 -31
70 -77
42
10-19 .62
1, 2

13-17
10 - 19
10

54, 57
48
46

4-7,83
83
4, 10-19,83
5,7,37-41, 59,60
59,60
41,44
42
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calibration of Spra ers
coefficient of variation
completely randomised designs

concomitant observations

- complete

- partial
contiguity of plots
control treatments

- choice of

- extra replication of"
covariance analysis

cropping history

d.f.

- . allocation in analysis of variance
data

- primary

- secondary

- supporting

data collection
defining contrast
degrees of freedom see d.f.

disconnected designs

efficiency factor (of incomplete block designs)

Page No.
47
41
5
41, 64
23 - 26
23 - 25
24 -25
4,6.8
49-62
13-19
64-68
46,53
85
51
51
51

51-52, 58,64-68
28

18,19

12



FSR/D methodology 1, 2, 3
F test 40
factorial 20--22
- o0 21
- 3" 22
~ cofounding 29,31
farm x treatment interaction 38,40
farmers
- bias 48
- conflicts 47
-~ drop outs 48
~ explanation to - 58
- premature adoption 48
-~ premature reaping 48,58
-  reluctance 47
— farming systeme research and development ' 1, 2
forms, how many .49
fractional replication 27-31.
group replication 11,13
gullies 46
half-replicate 27,28
hierachical analysis 42-45
homogeneity
~ of environment 41
- of error 42,63
incidence matrix 70,74;76A
interaction effects 20
lattices 10,11
main effects 20-22
management 50,64
marking out 54
mean square 40

missing plots and blocks

80

52,68,69,77
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non-uniform application

on-farm
- production systems analysis
- testing

- testing of altermatives

paired t - test
partially - balanced designs
partition of

- error S.S.

- treatment S5.5.
physical problems
planning
plot

- arrangement

~ shape

- silze
problems

~ biological

-~ physical

-~ technical
production systems analysis

proformae

randomised complete block designs
- with one block per form
- with two or more blocks per farm

~ with two replicates per block

replication
- fractional
~  how much ?

- unequal

Page No.

50

N

NN

N
X

11

42
20-22
46
35.36

5.6,7,55,57,83
49,55
49

46
46
47

5-9
5,6,7

59.-62
7,8

27-31
49,59-61
32-36,49
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slopes
subsets of treatments
- fractional replication
-~ 1incomplete block designs
sum of products
sum of squares

supplemented balance

t - test, paired
technical problems
terminology
terraces
treatment application
treatment combinations
treatment parameters
treatments

-~ how many

trees

unequal replication

uniformity of plots

variance ,analysis of
within-blocks S.3.

vrongly applied treatments

zounes

zZonex X treatment interaction

Page No

46

24,28--31

10-19
64-67

70--77,85
13-17,36

7, 9
47

4

47,56

54
20,23,24,28
74,76

49,53
47

32-36,49
46,47

85.86
75,76
50

42-65
42,44



Pare lio.

Index 2 Experimental 'esigns
2alenced lattice e, 4 10
Fa
(t =%, k=2 b 12, v = 4)
falanced incompletz block Fig. B 11
(t =5, k=2 t = 10 r = ()
Palanced incomplete hlock Fip. 4 11
(t =7 YL=173 & = %21 ¢ = ()
Flocls of differcr: cizes Wie. 12 34
(t = 5 ¥ =5 4 207 2 ¢ = @)
Plocks of different <i=rs with :
supprlemented balancn Fiy. 13 ‘ k(¢
(t = €, k= 51¢ arl 2 ¢ = 1)
e ]
Confourdin- corplete of a 27
factorial Fle. & 23
9
Zenfounding rartial of a 7~
factorial Fip. 17 24
talf--replicate (fractinnal
replication)of g %7 fzctorial in
& blocls of & pleuis Fig, 11 27
Incomplete blociki vith Jiscounection Wie, oA 1¢
(t = 6 ¥ = 3}
Incomplete blocl. wii: overlanping Fip. 1T ‘ 19
(t = ) P /q)
Inconplete blocl «rith cunplemented
talance
(¢t =4 b =73 ¢ = 1) Win, T4 14
(e = % Lk =1 «c = 1) Fio. /T 14
(t = C L=2>2 «¢r i) Flde., 76 15
(t =6 k=1t ¢ =7) gL TF 15
(¢t =7 ¥ =5 ¢ = %) Fir. 7E 16
“andonilsed completz ! lock orne
replicate per blccl Fiz, 2 C
"andomised conpler2 Llock two '
replicates per tlock Wi, 2 L

“ t = numkei of treatments I = numyexr of plots per hlocl. .
(i.e. blocl cizz ). b = number of tlecks, r = renlication
and ¢ = nurlter of control treatmontc in each blocl . Fur RCU
designs ¢ = 1.


http:nu.!:.er
http:balai.cp

]

Table 2 (p. 12 ) lists balanced incomplete block designs

available for various values of t and k.

Table 3 (p. 17 ) lists incomplete block designs with

supplemented balance for various values of t,k and c.



Index 3:

Factorial:
block

Factorial-

23

26

2

o
33

X

X

£5

Analyses of Variance

randomised complete
design
x 4 blocks

x b blocks
x b blocks

complete confounding
3 replicates in 6 blocks
1 replicate ia 8 blocks

Factorial- partial confounding

23

Factorial

25

25

23

X

3 replicates iun 6 blocks

froctional replication

half replicate in 4 blocks

half replicate in 2 blocks

subset witlh t replicates

General method¥*

Incomplete block design

simple replication (reneralised)

group replication (generalised)

Randomised complete block design

generalised

one block per farm

(t
(t

(t
(t
two

(t

4, b = 117)
4., b = 17, but double replication of

one treatment)

i

4 with an extra probe treatment, b = i4)

4. b = 10)*

blocks per farm

4, b = 10)*

*Indicates worked examples

Page NG6.

21

21
22

25
26

28,30
30
30

70

13
13

1

32

32
35
39

39


http:replicati.on

86

Page Ne,
hierachial classification
42
zones
zones and farms within zones* 43,44
degrees of freedom
t = 2-8: blocks required 60
for 20 or 30 error d.f. with
1 bleck per farm
t - 2-8: error d.f. with 2 or 3 blocks
per farm. 61
t test (paired) 9
Analysis of covariance* 64-68

*Tndicates worked examples.
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