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ABSTRACT

A duplicated augmented design (DAD), which consisted of two scts of an
Augmented Design (AD) with randomization of treatments and one fixed and two
random checks was comparcd with a Randomized Complete Block Design
(RCBD) and an Incomplete Block Design (IBD) both in sumulation models and
chickpea ficld experiments The results suggest that the 1BD bas advantages over

the DAD because 1t 18 less input demanding and more efficient Consequently

also the useful

of the freq
questioned

The use of AD’s was proposed by Federer

ly used

d AD with regular control 15

(1978) nnd Wilkinson et al (1987) who

(1961) for testing a large number of
and breeding hines In its form, as

d an adj based on nearest
ighbour plot values Townlcy-Smith and

we often used 1t, the AD consists of blocks
of plots, flunked by what are called regular
controls  Somctimes, onc or more random
controls are added to the test plots i a block
The design cnables adjustment for block
cffects, using the controls as weights
Adjustment by mceans of control plois was
proposed carlier by Yates (1936) through
weightng the relauve distances from the test
plots The prescnce of regular control plots
1n a scries of (est plots is most plcasing to the
breeder s eye, but they add to cost and their
use has been questioned by vanious authors
Baker and Mckenzie (1967) concluded from
their cxpenments that there bad been no
advantage from control plots as they
increased  the  expenmcntal  error
Adjusiment for ferulity gradicnts witin
blocks was imtally suggesied by Papadkis
(1937) and later its use d by Bartlett

Hardy (1973) also favourcd the use of
moving means nstead of control plots for
adjustments as it 15 simple and eﬁeclwe "

ducing the crror
Binns (1987) showed evidence of effecuve
adjustment by using ncighbounng plots
especially when fertility gradients were
present

The AD, although frequently used by us
for unreplicated trals, can also be adopted in
replicated experiments We have been using
it n d form for 1 chick-
pea vanety testing, as the design 15 attraclive
for its simplicity, but information on its
efficiency 18 lacking (Lin ef al, 1983) The
objecuve of the present study was o
compare the effecuveness of the DAD we
use with that of other staustical designs,
both 1n simulation models and ficld
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MATERIALS AND METHODS

We used simulation models to compare
DADs with the commonly used RCBDs and
lDDt.nndwt.!elwdtheleMgmdloh

two field experi at
ICRISAT Center during the postrainy season
of 1986-87.

Simulation models
The simulation models used the matrix

_shown in'Figure 1 and data were generated
in d with the formulas given

Iﬂ“

below. We made use of a program developed
in GENSTAT 4.04, a copy of which can be
obtained from the Statistics Unit of
ICRISAT. The following parameters were
introduced,
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ment, weighting distance to
fixed coatrol plots (DAD -
K): Y, -k

Model VI ; IBD: Y,

For each model 25 computer runs were
completed and the General Mean (GM) the
Standard Error of the Difference (SED) and
the Coefficient of Variation (CV) were

)
5 Allconmal weis recorded. We did the modeling cxercise
" y for the two situations : without
futanlofsed coniro Pkt ity gradient (G, zero) and with gradient
Yu"Ywh (G. one).
- i vlu:v, 403 (Vg + Yo~ Fleld experiments
Two kinds of experiments were
T 4Y, 04, 4 Y, ) ducted
n
+ Bmor offoct &) | gy-NOILCY.=5% Experiment A
A layout following the simulation models

The plot y:elds are represented by the
formula : -u+p.+ﬂ‘+gf+-y.
and the 3’ fferent  statistica analym
followed and plot yield data analysed were
a3 shown below :

Modell  : RCBD:Y,,

ModelII : DAD with fixed control
adjustment, ignoring distance
to fixed control plots (DAD —
k) Y~k

: DAD wxlh nud control ad-
justment, weighting distance
10 fixed control plots (DAD ~
k)i Yy, -k

: DAD with random con

Model Il

Model IV

: DAD with all control
adjustment, ignoring distance
to fixed control plots
(DAD -k)): Yy, -k,

: DAD with all control adjust-

Model V

Model VI

is shown in Fig. 1, The experiment was sown
on 2).10.1986 in an irrigated decp vertisol
(Al) and on 26-10-1986 in an unirrigated
deep vertisol (A2). Each plot had 4 rows of 4
m length of which the outer 0.25 m, and the
outer 2 rows were discarded at harvest, The
plant spacing was 30 cm x 10 cm. There
were 7 incomplete blocks, each block had 6
test entries, 2 random checks, and a fixed
check on both sides of the blocks. The trial
had 2 replications. Harvesting was donc on
10-2-1987 for Al and on 17-2-1987 for A2,

Experiment B

trot’
adjustment (DAD - k)) : Y, K The layout Is shown in Figure 2. The

experiment was sown on 21-10-1986 in field
BP 6 B. Fleld, plot size, spacing and
barvesting date were as for experiment Al
The DAD had 10 test entries, and 2 random
checks per block and each block was flanked
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by fixed checks. The trial had 2 replications
and 4 blocks in each replication, The IBD
contained the same 40 test entries, and 3
checks of the DAD and additionally six
checks as dummy entries.

The test plot yield data of the DAD were
adjusted like the data of the simulation
models. We calculated standard errors of
differences, cocfficients of variation, and
variance ratios (F-values) as main statistics
of relevance for estimating the efficiency of
the adjustments, and compared the results
with those of the IBD,

RESULTS AND DISCUSSION

The results of the 25 computer runs for
each simulation mode! are shown in Table 1
and the results of the ficld experiments in
Table 2.

Table 1. Average general mean (GM), average standard error of the difference (SED), -nd

avernge coefficlent of variation (CV)for 25 data sets, gt

Y
for each of 7 experimental models under a fertility |ndla-! and no p-dlnnt sltuation!

Average snalysis results

No fertility gradient Fertility gradient
(G. zero) (G. one)
Model Description  GM SED  CV (%) aM SED CV(%)
1 KCBD 0999 2019 200 0999 2046 2047
I DADK, 0999 0061 61 0999 0219 219
I DADK, 09 0063 63 09%9 007 79
IV DADk, 099 0089 59 099 0219 219
V. DADK, 0999 008 55 09% 028 8
VI DADk, 099 006  $6 0% 012 122
Vi D 0999 0055 49 099 0258 232

(1) The models are described under : Materials and Methods. RCBD = Randomized Complete Block
Design; DAD = Duplicated Augmented Design; IBD = Incomplete Block Design; k, = Fixed control

adjustment, distance not weighted; k, = Fixed control adjustment, distance we:ghwd

k, = Random

control adjustment, k, = all control adjustment, distance not* weighted; k, = all control

adjustment,distance weighted
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Where no fertility gradient was included
in the simulation models, the DAD with
fixed control adjustment gave higher CV
values than the IBD. The field experiments
showed the same trend. Van Rheenen and
Das Gupta (1990) made a similar
observation in a series of trials conducted at
17 locations during 1988-89 and suggested
that the increase in CV was y due to
using a yardstick for adjustment that in itself
is subjected o error. The addition of checks
in models V and VI brought down the CV as
expected, both in the simulation and field
experiments. Weighting the distance for
adjustment didn’t help in the simulation nor
in the field trials, The RCBD showed a very
high CV for the simulation data as the
simulated block effect was made large. The
field i also those reporied by
Van Rheenen and Das Gupta (1990) show
only small CV differences between RCBD
and IBD, which can be expected, if the soil
variation is patchy in paltern, with
patches smaller in size than the
incomplete blocks (Allard, R.W. 1952).
The F values for the RCBD was higher in
two out of the three trials than those of the
IBD.

Where a fertility gradient was included in
the simulation models, the DAD-k; with
distance weighting, and to a lesser extent the
DAD-k, with partial distance weighting were
able to reduce the gradient effect on the CV
as we expected.

Although our DADs with fixed controls at
the end of blocks are simple in layout and

Allard, RW. 1952. The precision of lattice
designs with a amall number of entries in
lima bean yicld trials, Agron. J, 44 :
200-202.

atiractive for casy visual cvaluation, the
results of simulation models suggest, that
IBDs produce lower CVs than DADs, if no
fertility gradient occurs, and the results of
the field experiments are in agreement with
the simulation results. As the addition of
random controls failed to reduce the CVs
below thote of the IBD to an appreciable
extent, it is concluded that the added costs of
land and labour do not seem to justify the
inclusion of controls. The use of the IBD, or
RCBD in the absence of block effects, is
therefore preferred by the authors over the
use of the DAD. Where fentility gradients are
known t0 occur, appropriate directional
adjustment of the layout can possibly
overcome the problem although control plots
and distance weighting can help to reduce it.
Our conclusions about DADs also seem to
apply 1o similar unreplicated ADs. They are
not likely to give more useful information
than sett of observation plots without
repeated controls, and leaving out rogular
controls can save sometimes 20% or more of
often scarce resources.
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