Theor Appl Genet (1992) 84:735-738

Trimmed joint regression:

© Springer-Verlag 1992

a new approach to the joint regression analysis
for cultivar relative-performance evaluation

L. Gusmio !, J.T. Mexia?, and J. Baeta?

! Departamento de Genética, Esta¢do Agrondmica Nacional, 2780 Oeiras, Portugal
% Faculdade de Ciéncias e Tecnologida, Universidade Nova de Lisboa, 2825 Monte da Caparica, Portugal

Received October 21, 1991; Accepted February 26, 1992
Communicated by J. Mac Key

Summary. A new approach to joint regression analysis,
entitled Trimmed Joint Regression (TJR), is proposed in
which the adjustment of the linear relative-yield pattern
of the cultivars is trimmed from the residues which can be
attributed to a “specific interaction”. The ranking of the
residues to the joint regressions for each cultivar, within
each trial, is analysed by the Friedman test to ascertain
if they belong to the same parental distribution of the
population of residues, for the different genotypes. The
rejection of the null hypothesis is envisaged as the result
of an organized pattern of the residues, due to a “specific
interaction”, and the genotypes responsible for such in-
teractions are identified. The trimming method consists
of the assessment of the linear regressions, after a re-
assessment of data related with “specific interactions”.
The increased accuracy which can be achieved is shown
in a numerical example where the high repeatability of
the method is illustrated by means of a comparison of the
estimated yields for 1- and 2-year trials.
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Introduction

As stressed by Simmonds (1981) “yields from trials are
often so much higher than agricultural yields that the
consistency of extrapolating GE effects from one to the
other may be doubtful”. On the other hand, in some
instances, the differences between some production envi-
ronments within one farm may be so extreme that, as
pointed out by Atlin and Frey (1990), “substantialty dif-
ferent gene complements are required to achieve the
highest yields in each™.

The linear regression method, initally suggested by
Mooers (1921) and subsequently developed by Finlay
and Wilkinson (1963), seemed to be adequate in this in-
stance since, besides the assessment of “Genotypic Value”
(Pinthus 1973), it allows for the evaluation of relative
cultivar behaviour at different environmental indices.

However, as pointed out by Becker and Léon (1988),
in the joint regression analysis “only a minor part of the
GE interactions can be attributed to known environmen-
tal determinants” and, as commented by Zobel et al.
(1988), “linear regression (LR) analysis is able to effective-
ly analyse interaction terms only where the pattern fits a
specific regression model”. The required conditions
which we have already advanced in order to make this
method a robust one (Gusmédo 1985; Gusmio et al. 1989)
may ensure a better agreement of the data with a specific
regression model, which increases the precision of the
method. Nevertheless, the joint regression still leaves un-
explained that part of the interaction which, after Eber-
hart and Russell (1966), has been ascribed to “specific
instability”.

In the present work, we found that the specific insta-
bility can be further analysed for the detection of “specific
interactions”. In view of this, we suggest a new approach
to the Joint Regression Analysis (TRA), where the relative
yvield pattern of cultivars is estimated after reassessment
of data related to “specific interactions”.

Statistical approach

Assessment of specific interactions

In a network of j yield trials, designed in k randomized complete
blocks, within the same equipotential zone for yield pattern
evaluation, for the same cohort of i genotypes, we start by ob-
taining the ijk residues for the JRA. For each trial and each
cultivar there is, then, a sample of k residues (one per block).
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To test the hypothesis of equal parental distribution for the
residues, pertaining to the different cultivars within a trial, we
use the non-parametric Friedman test, since the specific interac-
tion could render the usual assumption of normality rather dis-
putable.

When the hypothesis of equal parental distributions is reject-
ed we eliminate the cultivar for which the sum of ranks lies
furthest away from the corresponding mean, and repeat the test
with the remaining cultivars.

In this way it is possible to identify the specific combinations
of genotype and trial which are responsible for an interaction.
With further knowledge of both genotype and environmental
features it may be possible to identify the particular genetic
system and environmental factor responsible for that specific
interaction.

Trimming method

The trimming method consists of the following iterating proce-
dure:

(1) Adjustment of the joint regressions — the first adjustment of
the joint regressions is based on the block to block results (Gus-
mao 1985).

(2) Identification of the situations of specific interaction — we
proceed with the identification of situations of specific interac-
tion as described above.

(3) Adjustment of the first iteration regressions — the first itera-
tion regressions are then evaluated, based on a reduced data
matrix, built up by exclusion of trials where specific interaction
was detected.

(4) Assessment of the corrected data matrix — the first iteration
regressions are used to evaluate the corrected data matrix, ac-
cording to the procedure described below.

(5) Adjustment of the TJRs — we finally use the corrected data
matrix, in which we have replaced the yields corresponding to
specific interactions by the corresponding estimated values, to
adjust the TJRs

Assessment of the corrected data matrix

Let a¥ and ¥ (i=1,...,1) be the estimates of the coefficients of
the first iteration regressions, the true values of these coefficients
being «; and f, (=1, ..., l}; these estimates are obtained from the
reduced data matrix and will be used to calculated the corrected
values for situations of “specific interaction”, according to the
procedure we describe below.

Given a block in which a “specific interaction” has occurred,
let C be the set of indices for the genotypes without “specific
interaction” in that block. Let #(C) be the number of indices in
C; we can take

Q== T oF and fX(C)=—rx T

# (C) {ec #(C)iec
to estimate

1 1
a(C)= 70 iEZC o; and B(C)= O iEZC B

The occurrence of a “specific interaction” precludes the use of the
average yield of all the cultivars in the block as a measure of the
corresponding environmental index (x). To estimate x we point
out that if §(C) is the average yield for the cultivars without
“specific interaction”, then we should have

(O = a*(C)+p*(O)x
so that for the environmental index (x) we will have the estimate

_39-2*(0)
()

*

In the blocks where “specific interactions” occurred, the cor-
rected values for the cultivars with “specific interaction” (i¢C)
will now be

yF=a}k+ B x*; i¢C

These values will be used in the corrected data matrix.

Numerical example

As a numerical example we use the results of a cohort of
eight triticale genotypes in 20 yield trials.

The triticale genotypes were cultivars ‘Bacum’, ‘Ara-
bian’ ‘Juanitho’ and ‘Borba’ and advanced lines
TTE8701, TTE8702, TTE8703 and TTE8704.

The design for each field trial had four randomized
complete blocks.

Trials were carried out in the centre and south of
Portugal, within the same “equipotential zone for relative

Table 1. Specific genotype-environment interaction and signifi-
cance level (S.L. %) as assessed by the Friedman test of the
residues to the joint regression lines

Trial SL % After exclusion of
Genotype S.L.%
Abrantes/88 99.0 ‘Arabian’ 95.0
TTE8702 95.0
TTE§701 n.s.
Beja/88 99.9 ‘Bacum’ 99.0
‘Arabian’ 95.0
TTE8701 95.0
TTE8702 ns.
Santarém/89 99.0 ‘Arabian’ 95.0
TTE8702 95.0
‘Bacum’ n.s.
Almeirim/89 95.0 ‘Arabian’ n.s.

Table 2. Estimated parameters, «* and f*, to the joint regres-
sions (y=a+ fx), assessed by the established procedure (JRA)
and by the trimming procedure (TJR), based on the trial results
obtained in 1 year (1987/88) and in 2 years (1987/88 + 1988/89)
in a triticale yield trials network in the center and south of
Portugal

Geno- 1987/88 1987/88 4 1988/89

type

JRA TIR JRA TIR

o % B* a* ﬂ* o* B* (Z* B*

‘Bacum’ -439 102 -484 101 -578 1.04 -471 1.01
‘Arabian’ -558 105 -657 1.04 -763 103 -596 1.00
‘Juanitho” 155 097 151 0.97 345 097 275 097
‘Borba’ 230 1.00 200 0.99 221 099 185 1.00
TTE8701 137 097 190 098 186 1.00 121 1.04
TTE8702 252 091 339 092 262 095 217 097
TTE8703 102 1.09 103 109 80 1.06 80 1.06
TTE8704 120 1.00 158 1.00 245 096 189 098
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Table 3. Comparison of the predictions for three environmental indices (1,500, 3,500 and 5,500 kg/ha), based on the joint regressions
estimated, by the established procedure, from the results of the first year trial (1987/88) and from the results of the 2-year trials

(1987/88 +-1988/89)
Genotype Environmental index

1,500 kg/ha 3,500 kg/ha 5,500 kg/ha

Yield (kg) Difference Yield (kg) Difference Yield (kg) Difference

a b kg % © a b kg % © a b kg %€
‘Bacum’ 1,091 982 —109 7 3,131 3,062 — 69 1 5171 5,142 - 29 0
‘Arabian’ 1,017 782 —235 15 3,117 2,842 —-275 7 5,217 4,902 —315 5
‘Juanilho’ 1,610 1,800 190 12 3,550 3,740 190 5 5,490 5,680 190 3
‘Borba’ 1,730 1,706 — 24 1 3,730 3,686 — 44 1 5,730 5,666 — 64 1
TTES701 1,592 1,686 94 6 3,532 3,686 154 4 5472 5,686 214 3
TTE8702 1,617 1,687 70 4 3437 3,587 150 4 5257 5,487 230 4
TTE8703 1,737 1,670 -~ 67 4 3,917 3,790 —127 3 6,097 5,910 —187 3
TTE8704 1,620 1,685 65 4 3,620 3,605 — 15 0 5,620 5,525 - 95 1

* Based on the experimental results in 1987/88
® Based on the experimental results in 1987/38 + 1988/89
¢ In relation to the assumed environmental index

Table 4. Comparison of the predictions for three environmental indices (1,500, 3,500 and 5,500 kg/ha), based on the TJRs estimated
from the results of the first year trials (1987/88) and from the results of the 2-year trials (1987/88 + 1988/89).

Genotype Environmental index

1,500 kg/ha 3,500 kg/ha 5,500 kg/ha

Yield (kg) Difference Yield (kg) Difference Yield (kg) Difference

a b kg %° a b kg %° a b kg %°
‘Bacum’ 1,031 1,044 13 1 3,051 3,064 13 0 5171 5,084 13 0
‘Arabian’ 903 904 1 0 2983 2,904 - 79 2 5,063 4,904 —159 3
‘Juanilho’ 1,606 1,730 124 8 3,546 3,670 124 4 5,486 5,610 124 2
‘Borba’ 1,685 1,685 0 0 3,665 3,685 20 1 5,645 5,685 40 1
TTE8701 1,660 1,636 - 24 2 3,620 3,656 36 1 5,580 5,676 96 2
TTE8702 1,719 1,672 — 47 3 3,559 3,612 53 2 5399 5,552 153 3
TTE8703 1,738 1,670 — 68 5 3918 3,790 —128 4 6,098 5910 —188 3
TTE8704 1,658 1,659 1 0 3,658 3,619 - 39 1 5,658 5,579 - 79 1

* Based on the experimental results in 1987/88
® Based on the experimental results in 1987/88 + 1988/89
¢ In relation to the assumed environmental index

yield pattern evaluation” (Gusmio et al. 1989), by the
Department of Cereals of the National Plant Breeding
Station, and were included in the network of adaptation
trials for 1987/88 and 1988/89.

Each year, a total of two trials where “specific interac-
tion” occurs were identified, as can be seen in Table 1.

In Table 2 are presented the results for the joint re-
gressions, in the first year and in the two years, using the
established procedure and the TJR method.

The increase in the repeatability of the yield estima-
tion, from the TJR method to the established joint regres-
sion method, more particularly in the genotypes for
which “specific interaction” was detected (as is the case

for ‘Arabian’, TTE8702, TTE8701 and ‘Bacum’), can be
seen by comparing the values in Tables 3 and 4, where the
estimates at different environmental indices for the first
year and for the two years are included.

Discussion

Specific instability can be regarded as the result of specific
genotype-environment interactions which may not show
clearly within a particular set of trials. On the other hand,
in our recent experience (Mexia et al. 1990a), we verified
that the residues to the regressions, once trimmed from
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the outliers, are not significantly heterocedastic, and no
significant departures from the Gauss-Markov assump-
tions were detected (Gusmdo et al. 1990; Mexia et al
1990b). We may reason, as did Belsley et al. (1980), that
“unusuval influential data points, of course, are not neces-
sarily bad data points; they may contain some of the most
interesting sample information™.

In the present data it can be seen that some residues
showed organized patterns, specifically for individual
genotypes within particular trials. We may thus infer that
these residues are related with a specific interaction that
make them behave as outliers to the joint regression.

It is obvious that some genotypes were more suscepti-
ble to specific interaction. However, within the same
equipotential zone for relative yield pattern evaluation,
years and sites do not show a clear differentiation in its
manifestation.

Further analysis of the causes of specific interaction,
should be sought in the particular genotype-environment
combination where it occurs. For the same genotype, the
frequency of this phenomenon will depend upon its par-
ticular nature, and may vary with the year (within the
same site) or site (within the same year).

Since the genotype-environment combination which
is responsible for a specific interaction can be recognized,
we may say that there are no bad years or site for relative
yield evaluation, and particular environments where
specific interactions are bound to occur can yield addi-
tional information on the genotypic value of the cultivars.
We may, even, in some trials introduce possible factors of
specific interaction, either biotic or abiotic, in order to
ascertain if they interfere with the relative pattern re-
sponse.

A genotypic susceptibility or tolerance/resistance to a
particular environmental factor is here envisaged as a
non-conformity with the relative yield pattern, assessed
by the joint regression method, under such an environ-
mental factor, even if such a genotype does not corre-
spond, on average, to the lowest or the highest ranking
cultivar, When testing for susceptibility or tolerance/re-
sistance, it cannot be concluded that susceptibility or
tolerance/resistance, assessed by the differential response
to the environmental variable factor, is different from the
differential response to the environmental index, simply
because the genotype ranks lower or higher than the
other genotypes.

Since the outliers can be attributed to a well-defined
interaction (being related to the agronomic concept of
stability; Becker 1981), they should not be included in the
evaluation of the yield pattern (which is related with the
biological concept of stability; Becker 1981).

The trimming of the joint linear regression is, thus, a
legitimate procedure, able to bring accuracy and robust-
ness to the method, and giving a more comprehensive
explanation of genotype-environment interaction.

This is well illustrated in Tables 3 and 4 where we in-
cluded the estimates at different environmental indices
for JRA and TJR, respectively, based both on 1 year and
2 years. The increasing accuracy, from JRA to TJR is
expressed in the repeatability of the estimated yields for
the second method, particularly in respect of the geno-
types for which specific interaction was detected, as is the
case for ‘Arabian’, TTE8702, TTE8701 and ‘Bacum’.

As far as the assumptions for the correct use of the
joint regression methods are concerned, we may expect,
as in the present example, that TJR in 1 year gives an
identical estimation as in 2 years, with the further advan-
tage of the possible definition of some “specific interac-
tions”, whenever factors of interaction are included in the
trial network.
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