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Abstract – Single-row plots (SRP) are often used in early generation selection. For wheat, in such trials, it has already
been demonstrated that inter-plot competition leads to highly biased estimations of grain yield. An experiment including
one SRP trial and one reference 6-row-plot trial were conducted over two consecutive years in order to compare two
statistical models for correcting competition effects. The neighbourhood covariate model relying on plant height proved
to be more efficient than the more general producer-competitor model. It provided significant improvement in yield
estimation, slightly greater using height measured at heading than using final height as covariate. Moreover, relative
efficiency of selection in SRP when corrected for competition effects always reached about 85%, whatever the intensity
of competition. The neighbouring covariate model based on plant height should be used for routine analysis of single-
row-plot trials.

intergenotypic competition / wheat (Triticum aestivumL.) / early generation selection / correction models

Résumé– Modèles de correction de la compétition inter-génotypique chez le blé.Les parcelles monorang sont sou-
vent utilisées dans les schémas de sélection précoce. Dans de tels dispositifs, il a été montré que la compétition entre
parcelles adjacentes introduisait un biais dans l'évaluation du rendement. Afin de comparer l'efficacité de plusieurs
modèles pour corriger les effets de la compétition, une expérimentation comprenant un essai constitué de parcelles
monorang et un essai de référence constitué de parcelles de 6 rangs a été conduite deux années consécutives. Le modèle
incluant la covariable de voisinage utilisant la hauteur des plantes s'est révélé plus efficace que le modèle producteur-
compétiteur pour corriger le biais introduit par la compétition dans l'évaluation du rendement en parcelles monorang. La
correction effectuée par la covariable est faiblement mais significativement meilleure dans le cas où la hauteur est
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1. Introduction

For many cereal crops, competition between dif-
ferent genotypes strongly modifies their morpho-
logical as well as their productivity traits with
regard to the monoculture condition [2, 17].
Interactions between genotypes may occur
between adjacent plots; then their importance is all
the greater as plots have a high ratio of perimeter
over surface. For cereal crops, limitation of seed
per inbred line at the first generations of selection
combined with very high number of genotypes to
be tested often implies the use of single-row plots
for yield evaluation. In these trials, interplot com-
petition may lead to biased estimations of yield
performances [9] and particularly to the overesti-
mation of the value of aggressive genotypes.
Several authors have noted very low or even no
correlations between yields of genotypes in single-
row plots and their yield in larger plots due to com-
petition [6, 10, 15].

The accurate assessment of yield performance of
inbred lines at early stages of a breeding pro-
gramme is crucial for the detection of genotypes
likely to become future registered varieties.
Different models have been developed for correct-
ing competition effects [4]. When competition can
be associated with any plant character, one (or
more) covariate equal to the difference for the
character between the value of the plot and the
mean of the adjacent plots can be introduced in 
the model [14]. If the yields of adjacent plots are
negatively correlated, an autoregressive model may
be successfully fitted [12]. The producer-competi-
tor model is a general method, in case no knowl-
edge concerning the mechanisms of competition is
available [1, 13, 20]. In a previous paper, the three
kinds of model were fitted to a set of wheat yield

data displaying strong competition effects [10].
The authors found that the best fit could be
obtained with a single covariate model. However,
the difference between the covariate model and the
producer-competitor model was slight and had not
been statistically tested.

The aim of this paper is to identify, from the
neighbourhood covariates approach and the pro-
ducer-competitor model, the most efficient correc-
tion model for improving the prediction of the
monoculture yield from the single-row plot yield
estimated with few replications, and to determine
the most relevant trait to be used as a covariate for
wheat. For this purpose, we compare two competi-
tion models on a set of data derived from two
experiments, one of which displayed a relatively
low level of competition and the other displayed a
high level of competition.

2. Materials and methods

2.1. Experimental procedures

Plant material consisted of 40 inbred lines of
winter wheat derived by haplodiploidization from a
broad-based population obtained after the random
crossing of 80 families selected at the third cycle
of a recurrent selection scheme. The lines were
grown in two different trials: a single-row-plot trial
(SRP) and a reference 6-row-plot trial (6RP). The
SRP trial included a randomised complete block
design with four replicates in which plots were
1.50 m long and 25 cm apart. Thirty seeds were
sown in each plot. The four replicates were placed
end to end (the last plot of block k next to the first
plot of block k + 1). The SRP trials were partially
neighbour-balanced: a given genotype never had
the same neighbour twice over the 4 replicates.

mesurée à l'épiaison qu'à la récolte. D'autre part, l'efficacité relative de la sélection en parcelles monorang, une fois cor-
rigés les effets de la compétition, atteint toujours 85%, quelle que soit l'intensité de la compétition. La covariable de
voisinage utilisant la hauteur des plantes est proposée pour l’analyse en routine des dispositifs d’essais en parcelles
monorang.

competition intergénotypique / blé (Triticum aestivumL.) / sélection précoce / modèles de correction
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Guard plots were sown next to the first plot of
block 1 and the last plot of block 4. The reference
trial consisted of a two-replication randomised
complete block design of 4 m long 6-row-plots.
The sowing density was 250 seeds.m–2.
Competition has sometimes been found in 6-row-
plot trials within heterogeneous samples of triticale
[14] or wheat genotypes [16]. Yet we assumed here
that competition effects in the 6RP trial are negligi-
ble as regard to those in the SRP trial, as it was
also reported by Brabant et al. [5] and Goldringer
et al. [10]. This will be checked from the analysis
of the 6RP data. The experiment was repeated two
years consecutively (1992–1993 and 1993–1994)
but only 9 genotypes were common in both experi-
ments. The experiments were conducted in homo-
geneous and deep silts of the “Le Moulon” plateau
(Paris basin).

The number of plants was recorded at the end of
winter in each plot of the SRP trial to control den-
sity differences, which may be important in such
trials. The beginning of active stem elongation was
recorded as it is an important agronomic stage that
corresponds to a marked change in plant growth. It
was defined as the time when the average distance
(d) between the summit of the apex and the base of
the lower embryonic internode reached 1 cm. This
time (E1CM) was determined from interpolation of
the curve relating d to thermal time. The measure
of E1CM is destructive and hence was performed
in one of the two replications of the 6RP trial. The
very high heritability of this trait allowed us to
associate the measurement to the four single-row
plots containing the same genotype. The other
measurements were recorded in each plot. Heading
date (HEAD) was expressed in thermal time from
sowing. Earliness traits (HEAD and E1CM) intro-
duce phenology differences that can lead to a deci-
sive occupation of soil or space and hence may
explain competition ability. Plant height was mea-
sured at heading (HH) and at maturity (HM) in cm.
These two traits are likely to explain competition
for light. Height at heading time was only recorded
the first year. The agromorphological traits
(E1CM, HEAD, HH and HM) have been chosen to
be distributed all over the wheat development
cycle. Grain yield, GY (g.m–2), was recorded from

the harvest of the whole plots in both trials. Yield
estimated in SRP often gives unrealistic values
when divided by the true row area. So, SRP yield
estimation has been multiplied by the appropriate
coefficient so that the overall SRP mean was equal
to the overall 6RP mean.

2.2. Statistical methods

Let d(j,k) denote the genotype on the jth plot (j =
1…I, where I = 40 is the number of genotypes) of
block k (k = 1… K, with K = 4 in the SRP trial and
K = 2 in the 6RP trial). In the two-factor model of
analysis of variance, ignoring competition, Yjk = µ
+ gd(j,k) + blk + Ejk, the response for the trait Y on
the jth plot of block k, was split up into the sum of
the overall mean, µ, a fixed effect for the genotype
grown on this plot, gd(j,k), a fixed effect for the
block k, blk, and a random error effect, Ejk. This
model was fitted to all traits measured in both tri-
als. We also estimated variance components for the
genetic effect, considered as random, and for the
error [18, p. 244]; they are denoted by V

^

G and V
^

E
respectively. Broad sense heritability at the level of
the trial was estimated by

.

Genetic correlation coefficients ρG between traits
were estimated from the two-factor model.
Approximate standard errors on ρ^G were derived
using the formula given by Scheinberg [19] and
Becker [3]. As the distribution of ρG is unknown,
we arbitrarily considered ρ^G as significant when its
absolute value was greater than twice its standard
error.

Two models were tested in order to correct for
interplot competition effects. The first model
included a distance-one neighbouring covariate
equal to the difference in height or earliness
between the plot and its neighbours’ mean. Hence,
the response Y was described as: 

Yjk = µ + gd j,k + blk + β hjk –
1
2

hj – 1,k + hj + 1,k + Ejk

hBS

2
=

VG

VG +
VE

K
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where hj,k is the associate trait measured on the jth
plot of block k and β is the regression coefficient
for the covariate. Four distance-one neighbouring
covariates (d1E1CM, d1HEAD, d1HH and d1HM)
were computed from the four agromorphological
traits (respectively E1CM, HEAD, HH and HM).
A distance-2 neighbouring covariate defined as

was computed for height at

heading (d2HH) and height at maturity (d2HM).
The associate trait measured on the guard plots was
used in place of h0,1 and hI+1,K (as well as h-1,1 and
hI+2,K for the distance-2 neighbouring covariates).
Regression coefficients for height covariates were
estimated and changed into percentage of mean
yield per cm so that they could be compared over
the two seasons and with estimations from other
studies. Combination of the different covariates
that had been previously found significant alone
were also tested. The genotypic value for a trait
corrected from competition effects was estimated
with adjusted g^i .

The producer-competitor model [1, 13, 20] parti-
tions the response for the trait Y on the jth plot of
block k, into a producer effect due to the genotype
of this plot prd(j,k), and two competitor effects relat-
ed to the genotypes of the two neighbouring plots,
cpd(j–1,k) and cpd(j+1,k):

Yjk = µ + blk + prd(j,k) + cpd(j–1,k) + cpd(j+1,k) + Ejk.

For the first plot of block 1 and the last plot of
block K, only one competitor effect was consid-
ered, cpd(2,1) and cpd(I–1,K), respectively.

Genetic parameters pri and cpi were combined to
produce a corrected estimation of the genotypic
value for each trait, gi

* = pri + 2cpi, which is the
expected value of genotype i in competition with
itself.

The correlations between SRP genotypic means
and 6RP genotypic means were compared to 
the expected correlations in the absence of 

competition, , where

and are respectively the broad sense heri-
tabilities estimated at the trial level in SRP and
6RP.

The efficiency of these two models in correcting
the bias introduced by competition was judged in
comparison to the two-factor model. Two main cri-
teria have been investigated: (i) the residual mean
square decrease in the analysis of variance; this cri-
terion, internally derived from the data of the SRP
trial, reflects the model adjustment to the data; (ii)
the correlation between corrected SRP genotypic
means and 6RP genotypic means. It was also
expressed as the relative selection efficiency, i.e.
the ratio of the expected genetic gain in 6RP when
selection is based on the SRP performance to the
expected response when selection is applied direct-
ly to the 6RP trial. The relative selection efficiency

was estimated by , where r is the correla-

tion coefficient between the genotypic means of

the two trials and the broad sense heritabil-

ity in the 6RP trial [15].
Correlation coefficients between 6RP genetic

means and SRP genetic values obtained with the
different models described above (the two-factor
analysis of variance model, neighbouring covariate
models or the producer-competitor model) were
statistically compared using the bootstrap resam-
pling technique [8]. Let r1 be the correlation coeffi-
cient between SRP genetic values estimated from
model 1 and 6RP genetic means. Let r2 be the cor-
relation coefficient between SRP genetic values
estimated from model 2 and 6RP genetic means. A
bootstrap sample was obtained by drawing 
40 genotypes at random and with replacement
from the 40 tested genotypes, together with their
SRP genetic values estimated from model 1 and
model 2, and their 6RP genetic means. From this
sample, a new value of r2 – r1 was calculated. The
bootstrap probability distribution of r2 – r1 was
obtained by repeating this procedure a large num-
ber of times (we used 10000 bootstrap samples for
each comparison). Then the hypothesis “HA: ρ2 >
ρ1” has been tested against the hypothesis “H0: ρ2
= ρ1” with ρ1 and ρ2 the expected values of r1 and
r2. The models used to correct for interplot compe-
tition were first compared to the initial two-factor
model. Then, models which were significantly bet-
ter than the two-factor model (HA accepted) were
compared.

hBS, 6 RP

2

r /hBS, 6 RP

2

hBS, 6 RP

2

hBS, SRP

2
r0 = hBS, SRP

2
⋅ hBS, 6 RP

2

hjk –
1
2

hj – 2,k + hj + 2,k
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3. Results

The covariate computed with the number of
plants recorded at the end of winter in SRP plots
was not significant when introduced in the analysis
of variance model of SRP grain yield, indicating
that density differences between SRP plots had not
modified yield expression.

3.1. Evidence of intergenotypic competition

Intergenotypic competition has been shown to
lead to an overestimation of genetic variability [5,
10]. This was found again in both experiments:
genetic variation coefficients were much larger in
the SRP trial than in the 6RP trial (Tab. I). The
increase in genetic variation was higher in 1993
than in 1994, suggesting that competition phenom-
ena were stronger in 1993 than in 1994.
Environmental variation coefficients were also
larger in the SRP trial, indicating that a better con-
trol of experimental conditions was obtained with
large plots. Generally speaking, the characteristics
of the experiment were more favourable in 1994
(higher mean, lower CVE and higher yield heri-
tability) than in 1993 due to severe weather condi-
tions, especially during heading and flowering
periods in 1993.

The correlations between height and yield were
different among trials (Tab. II). Whereas height
was positively linked to yield in SRP, the correla-
tion was not significantly different from zero in the
reference trial. Positive correlation between plant
height and yield in SRP trials had already been
found by Hamblin & Donald [11] and Goldringer
et al. [10]. Height is highly involved in between-
plot competition which tends to favour tall geno-
types in SRP trials. Neither heading date nor
E1CM showed such differences in correlations.

The correlation between genotypic mean yield
in SRP and 6RP was rather low with regard to the
expected correlation in the absence of competition
r0 (0.44 with r0 = 0.83 in 1993 and 0.73 with r0 =
0.90 in 1994), indicating that competition disturbed
yield expression. This also confirmed that P
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Table I. Phenotypic mean, genetic and environmental
variation coefficients and estimated broad sense 

heritability at the level of the trial for

grain yield (g⋅m–2) in single-row-plot trial (SRP) and 6-
row-plot trial (6RP). 

1993 1994

Mean 1 506 887

VCG (%) SRP 37.1 20.5
6RP 13.4 12.7

VCE (%) SRP 23.5 15.7
6RP 10.7 4.9

SRP 0.91 0.87
6RP 0.75 0.93 

1 The harvested grain weight per plot in SRP trial has been
multiplied by the appropriate coefficient so that the SRP
means were equal to the 6RP means.

Table II. Phenotypic (1) and genetic (2) correlations
between three agromorphological traits (E1CM, stem
elongation beginning date, HEAD, heading date and
HM, height measured at maturity) and yield (GY), in
single-row-plot trial (SRP) and 6-row-plot trial (6RP).

GY

1993 1994

E1CM 1 SRP –0.46 –0.36
6RP –0.52 -0.28

HEAD 2 SRP –0.63 –0.35
6RP –0.27 –0.43

HM 2 SRP 0.75 0.60
6RP –0.24 0.14

1 Phenotypic correlation between the E1CM value and the
phenotypic mean for GY. Coefficients significantly different
from zero at the 5% level are underlined.
2 Genetic correlations. Underlined values correspond to coeffi-
cients greater in absolute value than twice their standard error
(see text for details).

hBS

2

hBS

2
=

VG

VG +
VE

K

.
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competition effects were stronger in 1993. Relative
selection efficiency was 59% in 1993 and 78% in
1994. 

Genotypic correlations between grain yield and
height at maturity in the 6RP trial were not signifi-
cantly different from zero. Moreover, the neigh-
bouring covariate based on height differences was
not significant when introduced in the analysis of
variance model for grain yield in 6RP. Hence no
evidence of competition related to plant height
could be found in the 6RP trial. Therefore we con-
sider the use of the 6RP trial as a reference to be
acceptable.

3.2. Correction of single-row-plot yield 
estimation

All the distance-one neighbouring covariates,
except d1E1CM, led to a significant reduction of
the residual mean square when introduced in the
analysis of variance model of grain yield (Tab. III).
The two height covariates, d1HH and d1HM, were
the most efficient. Residual mean square was
reduced by 23% in 1993 and 12% in 1994 com-
pared to the initial two-factor model. After adjust-
ment for competition with height covariates, the
correlation between yield estimations in the two

Table III. Comparison between different competition models fitted to yield (g.m–2) estimated in the single-row-plot
trial. As in the text, d1HEAD, d1HH and d1HM are the distance-one neighbouring covariates computed respectively
with heading date, height at heading and height at maturity; d2HH and d2HM are the distance-2 neighbouring covari-
ates computed respectively with height at heading and height at maturity.

Residual Phenotypic Relative
Model df mean square1 correlation selection

with 6RP2 efficiency

Year 1993
genotype + block 116 14180 0.44 59% 

Producer-competitor model 76 07260 (-49%) 0.51 68% 

Neighbouring covariates4

d1HEAD 115 12480 (–12%) 0.44 60% 
d1HH 115 10950 (–23%) 0.63 84% 
d1HM 115 11490 (–19%) 0.58 77% 
d1HH + d2HM 114 10680 (–25%) 0.67 90% 

Year 1994 
genotype + block 117 19560 0.73 78% 

Producer-competitor model 77 16080 (–18%) 0.63 67% 

Neighbouring covariates4

d1HEAD 116 18780 (–4%) 0.70 75% 
d1HM 116 17210 (–12%) 0.81 87% 

1 In brackets, the residual mean square decrease compared with the genotype + block model.
2 Phenotypic correlation between SRP yield corrected with the different models and 6RP yield.
3 P is the probability given by the bootstrap test of the hypothesis “H0: ρ2 = ρ1” against the hypothesis “HA: ρ2 > ρ1” where ρ1 and ρ2
are the correlations pointed out by the arrows.
4 Only significant covariates (at the 5% level) are mentionned.

3P < 0.001

P = 0.03

P < 0.001

P = 0.01
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trials increased significantly (P<0.001) from 0.44
to 0.63 in 1993 and from 0.73 to 0.81 in 1994. The
efficiency of height covariates in adjustment for
competition in wheat had already been observed
[10, 14]. Our results showed that the covariate
using height at heading time (only measured in
1993) led to a slightly, but significantly (P=0.03)
better correction than the covariate for height at
maturity (r = 0.63 instead of 0.58). Indeed, the for-
mer trait contains an additional earliness informa-
tion, since height at heading was more strongly
correlated with E1CM and HEAD (phenotypic cor-
relation coefficients were respectively –0.35 and
–0.66) than height measured at maturity (–0.21 and
–0.42). A 2 cm difference in height between a plot
and its neighbours led to a yield deviation of more
than 10 g.m–2 (1.2% of mean yield per cm in 1993,
0.56% in 1994) (Tab. IV). This result is consistent
with the estimate obtained by Goldringer et al. [10]
who found a value slightly over 1%.

We used the distance-2 (d2) neighbouring
covariates based on HH (d2HH) and HM (d2HM)
in order to test whether the effects of competition
might be found between genotypes grown 2 rows
apart or not. The d2HH and d2HM covariates were
introduced in the analysis of variance model in
addition to d1HH or d1HM. The only combination
of covariates to be significant was d1HH + d2HM
in 1993. The correlation between adjusted yield in
SRP and yield in 6RP was significantly increased
from 0.63 with d1HH as single covariate to 0.67.
Estimates of the regression coefficients were 
5.29 g.m–2.cm–1 for d1HH and 2.22 for d2HM. A
positive regression coefficient for d2HM indicates
that competition related to plant height can occur
between genotypes grown 2 rows apart when com-
petition is strong. As d2HH was not significant, it
is likely that competition affects genotypes of more
distant rows mainly at the ultimate stage of plant
development.

Including the covariate calculated with heading
date (d1HEAD) in addition to d1HH or d1HM,
very little decreased the residual mean square. But
none of the two-covariate combinations improved
the correlation to the 6RP trial compared to the
most efficient single covariate, probably because

covariates were correlated and the major part of
competition was explained by height.

The producer-competitor model led to a great
improvement in the fit to the data: the residual
mean square was decreased by 49% in 1993 and
18% in 1994 compared with the initial two-factor
model (Tab. III). However, the correlation to the
reference trial was not significantly improved in
any year.

4. Discussion

In a previous experiment, Goldringer et al. [10]
found the correlation between SRP and 6RP geno-
typic mean yield not different from zero and con-
cluded in the complete inefficiency of selection
based on uncorrected SRP means. In the present
study, the higher correlation values were estimated
on a sample of random doubled haploid lines, dis-
playing a greater genetic variation: genetic varia-
tion coefficients calculated on 6RP were about
13% (Tab. I) while it was only 8% in the previous
study [10]. This wider genetic variation explains
the relative efficiency of SRP in spite of the bias
introduced by competition. When differences
between genotypes are smaller, as was the case in
the previous experiment, this bias due to competi-
tion makes the prediction of genotypic values less
reliable. Yet our results showed that it is worth-
while correcting yield estimation for competition
effects.

The best fit to the SRP data was obtained with
the producer-competitor model. However, models P
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Table IV. Estimates of regression coefficients for dis-
tance-one neigbouring covariate computed with height
at heading (βd1HH) and height at maturity (βd1HM).

1993 1994

βd1HM (g.m–2.cm–1) [s.e.] 6.08 [0.11] 4.97 [0.12]
βd1HH 5.41 [0.09]
βd1HM (% of mean yield cm–1) 1.20 0.56
βd1HH 1.07 
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including height neighbouring covariates were the
most efficient to make SRP yield estimates closer
to the reference value (6RP estimate). In both
experiments, whatever the intensity of the competi-
tion, the introduction of a height covariate in the
analysis of variance model always provided a very
satisfactory level of relative selection efficiency
(around 85%, Tab. III). Even if the producer-com-
petitor model was more general than those with
covariates, it was found less efficient (Tab. III).

One reason was the imprecision of the estima-
tors of producer and competitor effects due to the
large number of genotypes (and hence the large
number of parameters) compared to the low num-
ber of replications. 

Another possible reason was that the producer-
competitor model corrected yield estimation with
additive genotypic effects; the model did not take
into account the interaction between adjacent rows.
By contrast, height neighbouring covariate used
height values measured in each plot, which might
be modified by genotypes of the adjacent rows;
hence the neighbouring covariate model took into
account the part of the interaction between adja-
cent rows related to height differences. To assess
the influence of using plot rather than genotypic
values to calculate the covariate, we computed a
neighbouring covariate using the genotypic mean
heights measured in the 6RP trial (d1HHg comput-
ed using height at heading in 1993, d1HMg com-
puted using height at maturity in 1994). The model
including d1HHg or d1HMg is a sub-model of the
producer-competitor model. The correlations to the
reference trial were only slightly lower than those
obtained with the original neighbouring covariate
(d1HH in 1993, d1HM in 1994), computed using
plot height recorded in SRP (0.59 using d1HHg
compared to 0.63 using d1HH in 1993 and 0.79
using d1HMg compared to 0.81 using d1HM in
1994). Thus the lower efficiency of the producer-
competitor model seemed to be mainly due to its
lack of parsimony. This model appeared not to be
adapted to trials with a low number of replications,
but may still prove its interest when grouping mul-
tilocal or pluriannual trials on the same genotypes
as shown by David et al. [7].

The results in Table III show that the use of the
reduction of the residual mean squares as the only
criterion for comparing the efficiency of the differ-
ent correction models would have led to false con-
clusions: the choice of the producer-competitor
model instead of neighbouring covariate models,
and the evidence of competition due to differences
in heading date while this covariate did not
improve the correlation with the 6RP trial. Hence,
a reference trial seems essential to test the rele-
vance of any new model or any neighbouring
covariate based on a new trait, as well as when
studying a new species. Nevertheless, there are
numerous studies in wheat showing the efficiency
of neighbouring covariate based on height in cor-
recting for competition [10, 14, 16]. Therefore, we
believe that neighbouring covariate based on
height could be used routinely, without reference
trial, when it leads to a significant reduction of the
residual mean squares.

Figure 1 shows the relationships between 6RP
yield and uncorrected SRP yield, SRP yield cor-
rected by the covariate using height at heading and
by the producer-competitor model. The variance of
the corrected estimation of yield given by the pro-
ducer-competitor model was greater than that of
the covariate adjusted estimation: the producer-
competitor model provided larger corrections to
SRP yield than the neighbouring covariate. Thus
some genotypes were moved away from the bisect-
ing line whereas their adjustment by the covariate
model was satisfactory (genotypes 24, 27 or 8). On
the other hand, some other genotypes were better
corrected by the producer-competitor model than
by the covariate model (genotypes 38 or 25).
Though the corrections obtained with the two mod-
els seemed to be quite different, the correlation to
the reference trial was not improved when combin-
ing the covariate approach and the producer-com-
petitor model.

5. Conclusion

Covariate adjustment by mean height difference
of neighbours was found to be the most efficient
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Figure 1. Relations between yield genetic means corrected or not for intergenotypic competition in SRP trial and means in 6RP trial
for the 1992–1993 experiment: (1) SRP mean, (2) SRP mean adjusted by the height at heading neighbouring covariate, (3) SRP mean
adjusted by the producer-competitor model (g.m–2).
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model to correct interplot competition in SRP trial.
In both experiments studied here, as in a previous
independent one [10], this adjustment led to a rela-
tive selection efficiency of 85%. This criterion is
quite important as it shows that the selection of the
best lines based on their SRP corrected yield leads
to the choice of the highest yielding lines in mono-
culture with a high probability. The producer-com-
petitor model, though more general than the neigh-
bouring covariate model, is less efficient, probably
because of the large number of parameters to be
estimated. Moreover, the estimator of pure stand
genetic values (pr + 2cr) estimated from the pro-
ducer-competitor model are not fully in line with
values from trials with larger plots. Indeed, esti-
mating the interference effect of a given genotype
on its neighbours based on individuals which
might be morphologically very distant from this
genotype is not likely to provide the best parameter
to construct pure stand value i.e. interference effect
on the genotype itself which is the closest possible
individual to itself. On the contrary, the producer-
competitor model might be useful for characteris-
ing genotypes for their behaviour in genetically
heterogeneous cultures, such as multiline or crop
mixtures.

The test on the differences of correlation coeffi-
cients put forward that height measured at heading
was more efficient than height measured at maturi-
ty in correcting competition effects. However, this
result, obtained on a single experiment, needs to be
confirmed. The two earliness traits were not effi-
cient. The search for other traits more efficient as a
covariate should include the measure of plant
height at different stages during the development
as done by Kempton et al. [14] in triticale trials.
Other traits such as tiller number, leaf number,
length and height of the flag leaf have been
described as possibly involved in competition phe-
nomena [11, 17]. However, the efficiency of the
correction that we obtained here with height at
heading or height at maturity is sufficient for the
selection in early generations. As height is usually
measured in early generation trials, this does not
induce extra work and cost. Moreover, the neigh-
bouring covariate model is easy to run.
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