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SUMMARY

Joint Regression Analysis is shown to be extremely robust to missing observations.
Thus, using a series of "a-designs” of winter rye cultivars, it was shown that with up
to 40% of missing observations the cultivars selected would be the same. In this
study we considered missing observations incidences varying from 5% to 75%, with
a step size of 5%. For each incidence the positions of missing observations were
randomly generated in triplicate.
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1. Introduction

Techniques for analysis of agricultural experiments should be robust, namely
towards missing observations.

One way to study this robustness for a technique is to use a well designed set
of experiments. Then for different incidences of missing observations their
positions are randomly generated. Comparing the results for the complete set of
experiments with those obtained from truncated sets we may find the threshold
incidence rate. Above that threshold we obtain the same results than for the
complete set of observations. In the case of designs for the comparison of
cultivars the results are the cultivars to be selected.

Joint Regression Analysis is widely used for comparing cultivars using the
results of field trials. For each block in these experiments productivity will be
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measured by its environmental index. Linear regressions, one per cultivar, of
yields on environmental indexes are adjusted. In this process environmental
indexes can be estimated by the block yield average, for complete blocks, see
Mexia et al. (1997), or using a zigzag algorithm, see Mexia et al. (1999),
simultaneously with the regression coefficients. :

In the case of Joint Regression Analysis, Mexia et al. (1996) showed that the
upper contour defined by the jointly adjusted regressions is a convex polygonal.
The abscissas of the nodes in that polygonal delimit ranges in which one of the
compared cultivars has the highest yields. These cultivars will be the dominant
ones. For our study we will compare the lists of dominant cultivars obtained from
the complete and the truncated sets of observations. Our aim is to study the
robustness of Joint Regression Analysis in connection with missing observations.
Thus even if a large rate of missing observations occurs in a series of experiments
we can still analyze them using this technique.

We will use the data of 17 o-designs of winter rye. Each one of these designs
had 4 superblocks each with 5 blocks of 4 plots. We considered incidence rates
for missing observations ranging from 5% to 75% with a step size of 5%. This
range covers completely the range of missing observations in the experiments to
be analyzed.

2. Regression adjustment

In what follows we will assume that the yield vectors have components
normally and independently distributed, so that the zigzag algorithm will lead to
maximum likelihood estimators and enable us to make inferences while
comparing cultivars.

Let us assume that there are b blocks and J cultivars. Representing by Y, the
yield of the /™ cultivar, J=L..,J, in the i block, i=1,...,b, we are led to

minimize
b J
S(aj,ﬁj,x”) =ZZPU (Y,-,- -a; - in)z ’

where (aj, j),jzl,...,J , are the regreésion coefficients; x;, ,i=1,...,b, are
the environmental indexes and Pp; 1s the weight of the j* cultivar in the " block.
If the cultivar is absent we take P; =0. When the cultivar occurs we take
P;=p;, i=1..,b. These weights may differ from block to block to express
differences in the representativeness of the blocks. If there are several blocks in
the same location, their weights will be the same. We point out that in the analysis

of the data used in this paper we use / and 0 for weights, because we have no
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information indicating the relevance of the blocks which would cause us to use
any other non-negative values.

The zigzag algorithm, in each iteration, first carries out a minimization in
order to the regression coefficients followed by a minimization in order to the
environmental indexes, hence the name of the algorithm. At the end of each
iteration a standardization of the adjusted environmental indexes is carried out so
that the range does not change from iteration to iteration. The procedure is carried
out until the goal function stabilizes. The environmental indexes adjusted in this
way are called L, environmental indexes, because the L, norm was used.

If we assume, as stated above, that the yield vectors are independent, normal,
homoscedastic and that, if the j cultivar is present in the i block, the joint
regression model is

E(Y,)=a;+Bx,, i=l..b, j=1..J,

and the log-likelihood will be

1
Jpl b\ _
E(u,ﬂ,x)— 5

N N
S(a’,p’,x")——Ino? -—In(27)>
where N is the total number of yields and o is the proportionality factor for
yields variance. We tl'(\us see that the zigzag algorithm leads to maximum

likelihood estimators &j,ﬂj j=1...,J, of the regression coefficients and
X,, i=1...,b of the environmental indexes.

3. a-Designs

When using incomplete blocks it is worthwhile to consider designs in which
the blocks are grouped in superblocks, each containing any cultivar o times. We
thus get, for all cultivars, yields obtained under similar conditions. Such designs
will be resolvable in the sense of Shrikhande & Raghavarao (1963, 1964) with
& =1, and are more and more commonly used in agriculture and especially in
cultivar testing. A very flexible family of resolvable designs is constituted by the
a-designs introduced by Patterson & Williams (1976). While we could take
o >1, it is usually preferable to use & =1 in order to increase the homogeneity
within superblocks. There will then be a superblocks per experiment. Thus, for
each cultivar, there will be a replicates per location. As we will see, this choice of
o =1 does not lead to any problems when using L, environmental indexes.
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4. Upper contour and selection

As stated above, the upper contour defined by the adjusted linear regressions is
a convex polygonal. The dominant cultivars that integrate the upper contour will
have maximum yields for certain values of the environmental index. Associated to
each dominant cultivar there will be a dominance range, as shown in Figure 1.

/ Etl + ,5'1x
I S 5'/2 + ﬂz x
&3 + IBSx
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»

c 6 d «x

Figure 1. Upper contour with two dominant cultivars

The non-dominant cultivars should be compared with the dominant ones. To
do this we begin by ordering the cultivars in decreasing order of their slopes. As
we can see in Figure 2, the comparison of one non-dominated cultivar with a
dominant one should be made in the left [right] extreme of the dominance range if
the non-dominated cultivar has lesser [greater] slope than the dominant one.

X

a.+pB;
a;+

Case j'< j Case j<j'
Figure 2. Comparison of cultivars
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Let j' be the index of the dominant cultivar and lc P sd J.,J the respective
dominance range. The comparison can be made using one-sided ¢ tests. To apply
this techniques we put X iz [1 D ;| with x; the vector of adjusted
environmental indexes for the blocks in which the 7™ cultivar is present. We then
assume that the pairs (&j B j) of adjusted coefficients are normal with mean
values (afj , ,3}) and covariance matrices 0 (XSX i

Thus, in comparing cultivars j and j’, we are led to test

H . q +Bx =a; +B,x,

against
H

Lt B <+ Bix

with x, the environmental index for which the comparison is carried out.
The ¢ test statistics will be

( a, +ﬂj.x“)—(07j +ﬁjxo)

tj'j.(x‘)zxfﬂh x] (x7x,)" Lﬂ*“ o) m

J
with § ~ o ,}{; the sum of sums of squares of residuals, and g = ij -2J,
where b;, j=1,...,J, is the number of blocks containing the 7™ cultiva.

Since the c"vj+ ﬁjx, ,j=1..,J, will be normal with mean values
1

a,+Bx ,j=1,..J, and variances o’[l x ] (X:X}.)—l [x

}9 j:L'"’Jv

independent between themselves and of S ~ 6> %> we see that, when H (X
p Zg Wi

holds, ¢; j.(xo) has a central ¢ distribution with g degrees of freedom. Thus we can

use right-hand-sided ¢ tests.
To measure the selection effectiveness, we can use the following ratios:

_ Number of dominant cultivars

L
r, =—
: Number of cultivars J

= Number of non dominated cultivars _ K
? Number of cultivars J
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S. Analysis of data without missing observations

In this application, we use the data obtained in 17 experiments in o.-designs
carried out by the Research Center for Cultivar Testing at Stupia Wielka (Poland)
in the years 1997 and 1998.

In these experiments, cultivars of winter rye were compared. In each design,
there were 4 superblocks, each one with 5 blocks of 4 plots. Each cultivar
occurred on one plot per superblock.

To adjust the linear regressions we used the zigzag algorithm, and the final
results are presented in Table 1.

Table 1. Adjusted coefficients and coefficient of determination.

Cultivar a B R?
URSUS -1.59 1.29 0.96
RAH 797 -1.60 1.22 0.97
OSRAPID .-0.78 1.12 0.97
IMARDER -0.73 1.12 0.94
RAH 897 -0.55 1.09 0.95
ESPRIT -0.22 1.07 0.92
WID 196 -0.38 1.06 0.96
03NAD 195 -0.68 1.05 0.93
02ZDUNO -0.82 1.02 0.97
1IRAH 596 -0.15 1.01 0.95
RAH 496 0.20 1.00 0.95
IWARKO -0.63 0.99 0.96
CHD 296 -0.55 0.98 0.93
04CHD 396 -0.54 0.98 0.95
ISMH 1195 -0.45 0.96 0.93
ADAR -0.35 0.96 0.96
RAH 697 0.77 0.95 0.91
01AMILO -0.27 0.93 0.93
1SMH 1295 -0.16 0.93 0.96

1SMH 1094 0.65 0.80 0.90
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The adjusted regressions are presented in Figure 1.
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Figure 3. Adjusted regressions, using L, environmental indexes for the 17 experiments

Table 2 shows the results of the comparison between the cultivars which
integrate the upper contour (dominants) with the remaining ones, using one-sided
 tests.

Table 2. Dominant, dominated and non-significantly dominated cultivars

Non-significantly

Dominant Range of Dominated cultivars at the 5% level dominated cultivars

cultivars dominance at the 5% level

RAH 797, 05SRAPID, IMARDER, RAH 897,
RAH 697 [5.42 ; 6.84] WID 196, 03NAD 195, 02ZDUNO, 1IRAH  ESPRIT, RAH 496
596, IWARKO, CHD 296, 04CHD 396,
1SMH 1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094
RAH 797, 05RAPID, IMARDER, RAH 897,
URSUS [6,84 . 13.47 ] WID 196, 03NAD 195, 02ZDUNO, 1RAH  ESPRIT, RAH 496
596, IWARKO, CHD 296, 04CHD 396,
1SMH 1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094
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We can easily see that, besides the dominant cultivars (RAH 697 and URSUS),
only the cultivars ESPRIT and RAH 496 are not significantly dominated at the 5%
level, in the range [5.42 ; 13.47]. If we work at the 1% level, we will also have
to consider the cultivar IMARDER as non-significantly dominated. Thus we get
the efficiency ratios 7 =0.1 and r, = 0.20 (0.25 if we work at the 1% level).

6. Analysis of data with missing observations

We decided to consider incidences of missing observations ranging from 5%
to 75% with a step size of 5%. To check for robustness of the technique we
randomly generated, in triplicate, the positions of the missing observations. We
point out that in the generation of the positions of the missing observations we
had always the care of having at least one observation per block. Since in every
one of the 17 analyzed o-designs there were 4 superblocks, each with 5 blocks of
4 plots, we had 1360 observations.

6.1. Analysis with 5% incidence of missing observations. Replicate 1

The 68 randomly generated positions for discarded observations for the first
replicate are given in Table 3.

As in the analysis of data without missing observations, to adjust the linear
regressions we used the zigzag algorithm. The final results are presented in Table
4.

Table 4. Adjusted coefficients and coefficient of determination

Cultivar a B R’
URSUS -2.49 1.44 0.96
RAH 797 -2.16 1.33 0.97
IMARDER -1.52 1.26 0.94
05 RAPID -1.43 1.24 0.98
RAH 897 -1.24 1.21 0.95
02ZDUNO -1.89 1.18 0.97
ESPRIT -0.75 1.17 0.92
03NAD 195 -1.28 1.16 0.93
WID 196 -0.93 1.15 0.96

1RAH 596 -1.07 1.15 0.95



114 D. G. Pereira, J. T. Mexia, P. C. Rodrigues

IWARKO -1.30 1.10 0.96
04CHD 396 -1.18 1.09 0.96
1 SMH 1195 -1.19 1.08 0.94
ADAR -1.08 1.08 0.96
CHD 296 -1.09 1.08 0.94
RAH 496 -0.09 1.07 0.95
01AMILO -0.97 1.05 0.93
RAH 697 0.23 1.04 0.92
1 SMH 1295 -0.66 1.03 0.96
1 SMH 1094 0.14 0.90 0.90

The adjusted regressions are shown in Figure 4.
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Figure 4. Adjusted regressions, using L, environmental indexes for the 17 experiments, when
we randomly remove 5% of the observations

Table 5 shows the results of the comparison between the cultivars that
integrate the upper contour (dominants) with the remaining ones, using one-sided
t tests.



Robustness of Joint Regression Analysis 115

Table 5. Dominant, dominated and non significantly dominated cultivars

Non-significantly
Dominant Range of Dominated cultivars at the 5% level dominated cultivars
cultivars dominance at the 5% level

RAH 797, 0SRAPID, IMARDER, RAH 897,
RAH 697 [543 ; 6.82]  WID 196, 03NAD 195,02ZDUNO, IRAH  ESPRIT, RAH 496
596, IWARKO, CHD 296, 04CHD 396,
ISMH 1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094

RAH 797, 05RAPID, IMARDER, RAH 897,
URSUS  [6.82 ; 13.47] WID 196, 03NAD 195, 02ZDUNO, 1RAH ESPRIT, RAH 496
596, IWARKO, CHD 296, 04CHD 396,
ISMH 1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094

We can see that, as in the analysis of data without missing observations,
besides the dominant cultivars (RAH 697 and URSUS) only the cultivars ESPRIT
and RAH 496 are not significantly dominated at the 5% level, in the range
[5.43 ; 13.47]. If we work at the 1% level, we will also have to consider the
cultivar IMARDER as non-significantly dominated. Thus we get the same
efficiency ratios , =0.1 and r, =0.20 (0.25 if we work at the 1% level).

6.2. Analysis with 25% incidence of missing observations. Replicate 2

The 272 randomly generated positions for discarded observations for the
second replicate are given in Table 6.
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As in the analysis of data without missing observations, to adjust the linear
regressions we used the zigzag algorithm. The final results are presented in
Table 7.

Table 7. Adjusted coefficients and coefficient of determination

Cultivar a B R?
URSUS -2.18 1.38 0.97
RAH 797 -1.67 1.25 0.97
05 RAPID -0.92 1.16 0.98
WID 196 -0.97 1.15 0.96
ESPRIT -0.58 1.14 0.93
IMARDER -0.73 1.14 0.95
RAH 897 -0.79 1.13 0.95
RAH 496 -0.19 1.08 0.95
03NAD 195 -0.70 1,'07 0.93
1WARKO -1.25 1.07 0.97
IRAH 596 -0.36 1.06 0.96
02ZDUNO -0.97 1.05 0.96
ADAR -0.97 1.05 0.96
CHD 296 -0.82 1.03 0.92
1 SMH 1195 -0.80 1.02 0.93
1 SMH 1295 -0.56 1.00 0.96
01AMILO -0.58 0.99 0.92
RAH 697 0.54 0.99 091
04CHD 396 -0.31 0.98 0.93
1 SMH 1094 0.59 0.84 0.90

The adjusted regressions are shown in Figure 5.
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Figure 5. Adjusted regressions, using L, environmental indexes for the 17 experiments, when
we randomly remove 25% of the observations

Table 8 shows the results of the comparison between the cultivars that
integrate the upper contour (dominants) with the remaining ones, using one-sided

1 tests.

Table 8. Dominant, dominated and non-significantly dominated cultivars

Non-significantly
Dominated cultivars at the 5% level dominated cultivars
at the 5% level

Dominant Range of
cultivars dominance

RAH 797, 0SRAPID, RAH 897, WID 196,
RAH 697 [5.43 ; 6.94] 03NAD 195, 02ZDUNO, 1RAH 596, ESPRIT, RAH 496,
IWARKO, CHD 296, 04CHD 396, 1SMH IMARDER
1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094
RAH 797, 0SRAPID, RAH 897, WID 196,
URSUS  [6.94 ; 13.3] 03NAD 195, 02ZDUNO, 1RAH 596, ESPRIT, RAH 496,
IWARKO, CHD 296, 04CHD 396, 1SMH IMARDER
1195, ADAR, 01AMILO, 1SMH 1295,
LISMH 1094

We can see that besides the dominant cultivars (RAH 697 and URSUS) only
the cultivars ESPRIT, RAH 496 and IMARDER are not significantly dominated
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at the 5% level, in the range [5.43 ; 13.7]. If we work at the 1% level, we will
also have to consider the cultivars 0SRAPID and RAH 897 as non-significantly
dominated. Thus we get the efficiency ratios r, =0.1 and r, =0.25 (0.35 if we
work at the 1% level).

6.3. Analysis with 50% incidence of missing observations. Replicate 2

As in the analysis of data without missing observations, to adjust the linear
regressions we used the zigzag algorithm. The final results are presented in Table
9.

Table 9. Adjusted coefficients and coefficient of determination

Cultivar a B R?
URSUS -3.15 1.45 0.99
RAH 797 -2.69 1.36 0.98
IMARDER -1.77 1.23 0.96
05 RAPID -1.50 1.21 0.98
02ZDUNO -2.23 1.16 0.98
RAH 897 -1.09 1.14 0.98
03NAD 195 -1.49 1.14 0.96
WID 196 -0.51 1.06 0.96
ESPRIT -0.07 1.06 0.96
RAH 697 -0.31 1.05 0.95
1 SMH 1195 -1.17 1.03 0.95
1RAH 596 -0.38 1.03 0.98
1 SMH 1295 -1.06 1.03 0.98
ADAR -0.78 1.02 0.97
1IWARKO -0.95 1.01 0.96
04CHD 396 -0.20 0.94 0.95
CHD 296 -0.20 0.94 0.94
1 SMH 1094 -0.54 0.92 0.93
RAH 496 1.02 091 0.95
01AMILO -0.03 0.91 0.94

The adjusted regressions are shown in Figure 6.
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Figure 6. Adjusted regressions, using L, environmental indexes for the 17 experiments, when we
randomly remove 50% of the observations

Table 10 shows the results of the comparison between the cultivars that integrate
the upper contour (dominants) with the remaining ones, using one-sided 7 tests.

Table 10. Dominant, dominated and non significantly dominated cultivars

Non-significantly
Dominated cultivars at the 5% level dominated cultivars
at the 5% level

Dominant Range of
cultivars dominance

RAH 797, 0SRAPID, IMARDER, RAH 897,
RAH496 [534 ; 7.686]  WID 196, 03NAD 195, 02ZDUNO, IRAH -
596, IWARKO, CHD 296, 04CHD 396,
1SMH 1195, ADAR, 01AMILO, 1SMH 1295,
1SMH 1094, RAH 697
RAH 797, 0SRAPID, IMARDER, RAH 897,
ESPRIT [7.686 ; 7.704]  WID 196, 03NAD 195, 02ZDUNO, IRAH -
596, IWARKO, CHD 296, 04CHD 396,
ISMH 1195, ADAR, 01AMILO, 1SMH 1295,
ISMH 1094, RAH 697
RAH 797, 0SRAPID, IMARDER, RAH 897,
URSUS  [7.704 ; 13.85]  WID 196, 03NAD 195, 02ZDUNO, 1IRAH -
596, IWARKO, CHD 296, 04CHD 396,
ISMH 1195, ADAR, 01AMILO, ISMH 1295,
ISMH 1094, RAH 697
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We can see that we have the dominant cultivars (RAH 496, ESPRIT and
URSUS) and that all the remaining cultivars are significantly dominated at the 5%
level, in the range [5.34 ; 13.85]. If we work at the 1% level, we have only to
consider the cultivar 0SRAPID as non-significantly dominated. Thus we get the
efficiency ratios 7, =0.15 and r, =0.15 (0.20 if we work at the 1% level).

6.4. Analysis with 75% incidence of missing observations. Replicate 1
As in the analysis of data without missing observations, to adjust the linear
regressions we used the zigzag algorithm. The final results are presented in

Table 11.

Table 11. Adjusted coefficients and coefficient of determination

Cultivar a V] R’
URSUS -1.79 1.32 1.00
02ZDUNO -2.02 1.17 1.00
RAH 496 -1.27 1.16 1.00
IMARDER -0.61 1.13 1.00
05 RAPID -0.49 1.10 1.00
03NAD 195 -0.89 1.09 1.00
RAH 797 -0.06 1.08 1.00
04CHD 396 -0.93 1.04 1.00
1 SMH 1195 -1.00 1.03 1.00
RAH 897 -0.02 1.02 1.00
IRAH 596 -0.02 1.01 1.00
1WARKO -0.76 1.00 1.00
1 SMH 1295 -0.90 1.00 1.00
ADAR -0.45 0.98 1.00
WID 196 0.53 0.96 1.00
RAH 697 0.82 0.93 1.00
CHD 296 0.01 0.92 1.00
01AMILO 1,02 0,83 1,00
ESPRIT 2,34 0,82 1,00

1 SMH 1094 0,60 0,82 1,00
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The adjusted regressions are shown in Figure 7.

v

URSUS s M“i

URSUS o e
148 .....‘;( .
B ‘.": o ,?’; *
ESPRIT slasse s
» *

Yield (kg per plot)
« . -

h}l&bh hi}‘:'\’\.hcﬁ?} I TR IR I I I IR SR I Y

' O
AR R AL B AY B b ok Wle ey TR RPN R Pt
Environm antal Index Environm entaf index
e GAMLO ARG cae BERDER  ADAR o QIDUR0 e ISMHOM o 1S D05 ISHH 20 URNADIS  SXERT
RHIS . 0D MIDWE - IRSHIE WD PRHEST - - OSRARD - RAHTSF  -e-RAHSS? -a-URRSS
2]

Figure 7. Adjusted regressions, using L, environmental indexes for the 17 experiments, when
we randomly remove 75% of the observations

Table 12 shows the results of the comparison between the cultivars that
integrate the upper contour (dominants) with the remaining ones, using one-sided

t teStS

Table 12. Dominant, dominated and non-significantly dominated cultivars

Non-significantly
Dominated cultivars at the 5% level dominated cultivars
at the 5% level

Dominant Range of
cultivars dominance

RAH 797, 0SRAPID, IMARDER, RAH 897,
ESPRIT [5.12 ; 8.24] WID 196, 03NAD 195, 02ZDUNO, 1RAH 59, -
IWARKO, CHD 296, 04CHD 396, 1SMH 1195,
ADAR, 01AMILO, 1SMH 1295, 1ISMH 1094,
RAH 496, RAH 697
RAH 797, 0SRAPID, IMARDER, RAH 897,
URSUS  [8.24 ; 14.6] WID 196, 03NAD 195, 02ZDUNO, 1RAH 596, -
IWARKO, CHD 296, 04CHD 396, 1SMH 1195,
ADAR, 01AMILO, 1SMH 1295, ISMH 1094,
RAH 496, RAH 697
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We can see that we have the dominant cultivars (ESPRIT and URSUS) and
that all the remaining cultivars are significantly dominated at the 5% and 1%
significance levels, in the range [5.12 ; 14.6]. Thus we get the efficiency ratios
r,=0.1 and r, =0.1 for both significance levels we considered.

Comment: We see that for the three replicates the dominant cultivars were
URSUS and RAH 697, the same as for the experiments without missing
observations. As for significantly dominated cultivars the sole difference was in
replicate 2, where cultivar IMARDER was not significantly dominated contrary
to the results for the other replicates and the initial experiment.

The conclusions, at the 5% and 1% levels, for the remaining incidences of
missing observations, are summarized in Table 13.

By considering these tables we discover that:

e URSUS retained its position as dominant cultivar for the most productive
environments;

e Up to 40% of missing observations RAH 697 kept its position of dominance
for lower environmental indexes. It was only twice superseded by RAH 496 and
RAH 897. For higher rates of incidences of missing observations there is
competition for that position between the cultivars RAH 697, RAH 496 and
ESPRIT, with RAH 697 having the advantage;

¢ There were only two dominant cultivars except in single replicates for the
45%, 50% and 75% rates of incidences;

¢ Non-significantly dominated cultivars were almost always the same.

7. Conclusion

We can conclude that there is a good degree of stability as to dominant
cultivars. This result points towards the robustness of Joint Regression Analysis
in connection with missing observations and agrees with our findings — see
Pereira & Mexia (2003b) — on the reproducibility of Joint Regression Analysis.

This study showed once again the good behaviour of the zigzag algorithm,
once that in the case without missing observations and for all the percentages of
incidences of missing observations the algorithm converges in 4 or 5 iterations.

We point out that the range of variation for adjusted environmental indexes
varied a little in this study, which reinforces the robustness of the technique.
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