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Genetics/ Original Article

Estimation of genetic 
parameters and selection 
pressure in canary seed
Abstract – The objective of this work was to estimate the heritability parameters 
and selection gains in canary seed populations under different selection 
pressures. The base germplasm was composed of genotypes called “original” 
and genotypes subjected to the mutation process with sodium azide, to create 
genetic variability in the population. The selection was carried out based on the 
cycle of canary seed plants. The plants were marked in the field and collected 
for subsequent evaluation and categorization. A Bayesian inference model 
was used to determine the precision degree of the estimates and the genetic 
effects. Based on the data matrix obtained, the heritability parameters were 
estimated for the variables panicle length, number of grains per panicle, grain 
mass per panicle and panicle index. The response to selection was estimated 
based on selection pressures, varying between 1% (the highest intensity) and 
90% (the lowest intensity). Narrow-sense heritability values for the variables 
panicle length, number of grains per panicle, weight of grains per panicle, and 
birdseed panicle index were 0.28, 0.33, 0.25, and 0.37, respectively. Based on the 
results presented for heritability values and selection gains for canary seed, it is 
possible to obtain improved lines from rigorous selection pressures.

Index terms: Phalaris canariensis, Bayesian inference, grain yield, 
heritability, plant breeding.

Estimativas de parâmetros genéticos e pressão 
de seleção em populações de alpiste
Resumo – O objetivo deste trabalho foi estimar os parâmetros de herdabilidade 
e ganhos de seleção em populações de alpiste submetidas a diferentes pressões 
de seleção. O germoplasma-base foi composto por genótipos denominados 
“originais” e genótipos submetidos ao processo de mutação com azida sódica, 
para criar variabilidade genética na população. A seleção foi realizada com 
base no ciclo das plantas. As plantas foram marcadas em campo e coletadas 
para posterior avaliação e categorização. Utilizou-se um modelo de inferência 
bayesiana, para determinar o grau de precisão das estimativas e os efeitos 
genéticos. Com base na matriz de dados obtida, estimaram-se os parâmetros 
de herdabilidade para as variáveis comprimento da panícula, número de grãos 
por panícula, massa de grãos por panícula e índice de panícula. A resposta à 
seleção foi estimada com base nas pressões de seleção, que variaram entre 
1% (maior intensidade) e 90% (menor intensidade). Valores de herdabilidade 
no sentido restrito para as variáveis comprimento da panícula, número de 
grãos por panícula, massa de grãos por panícula e índice de panícula de 
alpiste foram 0,28, 0,33, 0,25 e 0,37, respectivamente. Com nos resultados 
apresentados quanto à herdabilidade e aos ganhos de seleção, é possível obter 
linhagens melhoradas de alpiste a partir de pressões de seleção rigorosas.

Termos de Indexação: Phalaris canariensis, inferência bayesiana, rendimento 
de grãos, herdabilidade, melhoramento de plantas.
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Introduction

Canary seed (Phalaris canariensis L.) is an annual 
grass, that is cultivated in temperate regions and 
considered a true cereal, whose structures are similar 
to other species of the same family (Poaceae), such 
as wheat and oat (Rikal et al., 2023). The primary 
market for canary seed has been the bird food industry 
(Abdel-Aal, 2021). However, hairless (glabrous) 
canary seed genotypes, devoid of trichomes that are 
toxic to humans, were recently approved for human 
consumption in the United States of America and 
Canada (Patterson et al., 2018). This could promote 
the emergence of a niche market to this cereal within 
the food sector. Its grains contain, on average, 60% 
starch, 20% crude protein, 8% oil, 7% digestible fiber, 
and 2% mineral material, in addition to high levels 
of methionine, cysteine, and tryptophan in the amino 
acid composition (Abdel-Aal, 2021).

Most part of existent canary seed genotypes come 
from Canada and Argentina, adapting to the temperate 
climate typical of these regions. Therefore, to adapt 
to the Brazilian subtropical climate, it is necessary 
the selection of this species genotypes. For that, it is 
essential to use the existing natural genetic variability 
(Carvalho et al., 2016), besides seeking ways to expand 
it by obtaining new gene constitutions to get more 
productive genotypes capable of expressing agronomic 
traits of interest, stable to the environment variations, 
and tolerant to biotic and abiotic stresses (Quadros 
et al., 2022). The selection of superior individuals 
within the species, by variability arising from 
mutations that occurred naturally in the environment, 
is the most common way. Nevertheless, other strategies 
to create genetic variability should be used to increase 
the probability of selecting promising genotypes.

Induced mutation with specific mutagens could 
generate individuals with desirable characteristics that 
could be exploited later (El-Degwy, 2013; Dewi et al., 
2020). Furthermore, chemical mutagens are easy to 
use (Awan et al., 2021), generating results in a short 
period of time. In plants, ethyl methanesulfonate and 
sodium azide are widely used because they are highly 
efficient in causing mutation points in the genome 
(Kharkwa, 2012), which produces high effects on 
the phenotypic variability of all types of traits (Dewi 
et al., 2020). These mutations increase the probability 
of obtaining plants, which shows acclimatization 
to the cultivation environment (Channaoui et al., 

2019) and better expression of traits related to grain 
productivity. However, using induced mutation as the 
only method to bring together all these characteristics 
in a new genotype is a difficult task, and it is only a 
complementary way of doing so.

The expansion of genetic variability should be 
accompanied by a rigorous analysis that allows to 
understand its magnitude, which makes it possible to 
visualize the probability of success in the selection of 
promising genotypes. In order to estimate the possible 
selection gains, variance components and genetic 
parameters should be obtained in such a way that the 
residual effect on the results be reduced, for more 
accurate inferences. Therefore, Bayesian inference 
allows of the reduction of the residual effect in 
parameter estimates (Silva et al., 2020). The efficiency 
of this method was proven in studies carried out to 
understand the genotype x environment interaction 
and selection gains, for instance, in sweet potato 
(Valadares et al., 2023), white oat (Azevedo et al., 
2022), and wheat (Azevedo et al., 2023).

There are some studies that evaluate the genetic 
identity of canary seed and the effect of genotypes on 
its nutritional qualities (Kannan et al., 2017; Malunga 
et al., 2024), but none of them address the genetic 
parameters in a way that results in possible genetic 
gains for the species. This entails the need to identify 
genetic parameters and selection strategies that favor 
the obtention of superior genotypes.

The objective of this work was to estimate the 
heritability parameters and selection gains of canary 
seed populations under different selection pressures.

Materials and Methods

The present study was carried out in the experimental 
field of the program for genetic improvement of 
grain lines, located at the Universidade Regional do 
Noroeste do Estado do Rio Grande do Sul (Unijuí), 
in the municipality of Ijuí (28º23'15"S, 53º56'39"W, 
at 295 m altitude), from May to September 2023. 
The climate classification for the region, according 
to the Köppen-Geiger’s classification, is Cfa (humid 
subtropical) (Setzer, 1966). 

The soil is classified as a Latossolo Vermelho 
distroférrico típico, according to the Brazilian Soil 
Classification System (Santos et al., 2018), i.e., Oxisol, 
with a deep and well-drained profile. Soil analysis 
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showed the following physicochemical attributes: 430 
g kg-1 clay; 5.5 pH in water; 5.7 SMP index; 3.5 mg dm-3 
P; 119 mg dm-3 K; 0.7% organic matter; 0.0 cmolc dm-3 
Al; 3.6 cmolc dm-3 Ca; 1.5 cmolc dm-3 Mg; 2.4 Ca/Mg 
ratio; 6.2 cmolc dm-3 H+Al; 11.6 cmolc dm-3 CTCpH7.0; 
5.4 cmolc dm-3 effective CTC; 46.7% base saturation; 
0.0% Al saturation; 4.2 mg dm-3 Cu; 3.1 mg dm-3 Zn; 
5.6 mg dm-3 Mn; 2.2 mg dm-3 S. 

The base germplasm used in the experiment was 
composed of pure lines of genotypes from Argentina 
and Canada, which were mixed to obtain 10 kg of 
canary seed. Out of this total, 5 kg were subjected 
to the mutation process with sodium azide, using 
the method proposed by Pharel (1994), aiming at the 
increase of genetic variability within the canary seed 
population. The other 5 kg remained original. The 
mutant seed showed 50% heterozygosity, and 50% 
homozygosity, while the original populations showed 
100% heterozygosity (Borém & Miranda, 2009).

The experiment was carried out in the field, using 
an augmented design of blocks, with 5 experimental 
units of 500 m2 each, composed of 25 m long lines 
spaced at 0.17 cm apart. The blocks were divided into 
two sub-blocks, where the original seed and mutants 
were sown separately in each of them. Sowing was 
carried out in the first fortnight of May, with 50 seed 
per linear meter sowing density for all populations. 
Fertilization equivalent to 300 kg ha-1 N-P-K formula 
05-20-20 was applied at sowing and, subsequently, 
the equivalent of 100 kg ha-1 urea (45% N) was 
broadcasting on coverage at the full tillering plant 
stage. The selection was carried out based on the plant 
cycle, when plants were marked in the field to obtain 
populations with a similar cycle and, at the end of the 
cycle, they were collected for subsequent evaluation.

Grains from each selected plant were homogenized 
form a population with a similar cycle. The following 
traits were evaluated: days to flowering (DF, days); 
days to maturation (DM, days); panicle length (PL, 
cm); number of grains per panicle (NGP, units); grain 
weight per panicle (GWP, g); and panicle index (PI), 
which consists of the ratio between the number of 
grains and the length of the panicle. The climatic 
variables – minimum air temperature (Tmin, ºC), 
maximum air temperature (Tmax, ºC), mean air 
temperature (Tmean, ºC), and precipitation (Prec, 
mm) – were obtained using data from the NASA 
Power (2023).

To determine the degree of precision and genetic 
effects, a Bayesian inference model was used based 
on the Monte Carlo algorithm with Markov chains 
(MCMC). The model assumptions were verified as 
described by Azevedo et al. (2022), for which the 
normality of errors and homogeneity of variances 
were verified for the fixed effect (block), and for the 
random effect (genotypes). With the assumptions met, 
the approximate model used was

y = Xβ + Z1δ1 + Z2δ2 + e,

in which: y is considered the vector of phenotypic 
values; X and β are, respectively, the incidence matrix 
and the corresponding vector of systematic effects 
(general average); Z1 and Z2 are the random effects 
incidence matrices, δ1 is the vector of block effects; δ2 
is the vector of genetic values; and e is the residual 
vector. In the present study, 1,000,000 iterations were 
used a priori, for which the first 100 iterations were 
discarded as burn-in, in which the Markov chains’ 
convergence was verified through the Geweke’s 
diagnostic. Then the parameters were calculated as 
follows: low-95% CI (confidence interval lower than 
95% probability); up-95% CI (confidence interval 
higher than 95% probability); and significance of the 
probabilistic model using the Monte Carlo method 
with Markov chains (pMCMC).

Based on the data matrix obtained, the heritability 
parameters were estimated in the broadest sense: 
(H2=σP/σG), in which σP consists of phenotypic variance 
and σG consists of genotypic variance. Narrow-sense 
heritability was calculated as follows:

h
a a a d e

2 2 2 2 2� � �� � � �/ ,

in which: σ2
a is the additive genetic variance, σ2

d 

is the genetic variance of dominance; and σ2
e is the 

environmental genetic variance. Thus, the response to 
selection was estimated by the formula

R h i P
a

� 2
( )( )� ,

in which: R is the response to selection (selection 
gain); h2

a is the heritability in the strict sense; i is the 
selection intensity (which varies according to selection 
pressure); and σP is the phenotypic variance. The 
pressures and intensities (i) corresponding selection 
parameters are, respectively: 1.00%, 2.665; 5.00%, 
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2.063; 10.00%, 1.775; 20.00%, 1.400; 30.00%, 1.160; 
50.00%, 0.800. From this, genetic gain was inferred, 
to define the optimal selection pressure to be used for 
canary seed cultivation. Analyses were carried out with 
the functions of the packages MCMCglmm version 
2.35 (Hadfield, 2010), and metan (multi-environment 
trials analysis) version 1.18.0 (Olivoto & Lúcio, 2020), 
using the package EstimateBreed (Bandeira et al., 
2025) version 1.0.1' of the R software (R Core Team, 
2023).

Results and Discussion

Analysis of the meteorological data, during 
the canary seed cycle, shows that changes in air 
temperature and precipitation values are directly 
related to the cycle length of each mutant and original 
population (Table 1). According to Baier et al. (1988), 
the ideal temperatures for crop development are 9 
to 10ºC during the germination period, 15 to 16ºC 
during the flowering period and 18 to 20ºC during the 
maturation period. Therefore, the average temperature 
was close to optimum for all populations. Accumulated 
precipitation required for the plant cycle varied between 
410 and 720 mm among populations; this difference is 
directly related to the cycle duration of the genotypes 

of each population. In this scenario, populations 1 
and 10 showed the lowest and highest accumulated 
precipitation, respectively. May et al. (2022) reported 
that an amount of 350 mm of precipitation is sufficient 
for the birdseed cycle, based on normal precipitation 
data occurring over 30 years in Canada, and the 
highest crop yield occurred with precipitation values 
above 500 mm.

The variance component estimates were significant 
for all variables in all populations (pMCMC<0.05), 
making them viable for interpreting genetic parameters 
obtained a posteriori (Table 2). Notwithstanding, 
among several Bayesian inference methods, the 
Markov chain Monte Carlo (MCMC) simulation can 
be applied to generate a chain of successive iterations, 
updating the estimates by probability starting from the 
initial parameter (a priori) (Silva et al., 2020).

The number of days to flowering showed a range 
between 80 and 118 days, in which populations 1, 7, and 
8 were earlier with 80, 90, and 95 days, respectively, 
while populations 4, 5, and 6 were the latest with 116, 
118, and 116 days, respectively (Table 3). Thereafter, 
physiological maturity was inferred to be 100, 104, and 
107 days for populations 7, 1, and 8, while populations 
4, 5, and 6 required 128, 134, and 131 days to maturity, 
respectively.

According to Cogliatti et al. (2011), the duration 
of the cycle is related to the response of canary seed 
genotypes to air temperature. These authors reported 
the averages of 1,644 and 1,802 of growing degree days 
(GDD), measured in Celsius degrees until maturity. 
Taking into account that the average air temperature 
was 16.2ºC (Cogliatti et al., 2011) and that, in a study 
by May et al. (2022) the average minimum temperature 
of 2ºC was recorded during the cycle, it can be inferred 
that these results would lead to daily accumulations 
of 14.2ºC, which would tend to a minimum cycle 
ranging between 116 and 127 days, similarly observed 
in present study.

Broad-sense heritability (H2) values, which 
considers the total genetic effect, varied between 
0.38 and 0.57 for panicle length (Table 3). Taking into 
account that the classification of heritabilities considers 
magnitudes between 0.01 and 0.15 as low, 0.16 to 0.50 
as medium, and greater than 0.51 as high (Resende 
et al., 1995; Paludeto et al., 2017), it is possible to 
infer (from heritability values) the magnitude of 
the environmental effect on the expression of the 

Table 1. Average values of mean air temperature 
(Tmean), minimum air temperature (Tmin), maximum air 
temperature (Tmax), and accumulated precipitation during 
the crop cycle of original and mutant populations of canary 
seed (Phalaris canariensis).

Population(1) Tmean 
(ºC)

Tmin 
(ºC)

Tmax 
(ºC)

Precipitation 
(mm)

Original
1 15.8 10.8 22.1 410
2 15.8 10.7 22.0 454
3 16.0 11.0 22.2 529
4 16.3 11.3 22.5 638
5 16.5 11.4 22.7 655
Mutant
6 15.8 10.7 22.0 454
7 16.0 10.9 22.2 488
8 16.6 11.4 22.7 660
9 16.6 11.4 22.7 660
10 16.6 11.4 22.8 720

(1)Original, canary seed not subjected to induced mutation; and mutant, 
canary seed subjected to induced mutation with sodium azide.
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Table 2. Variance components of traits estimated by Bayesian inference for ten populations of canary seed (Phalaris 
canariensis) regarding the evaluated variables.

Population(1) Traits(2) Post.mean(3) <95% CI(4) >95% CI(4) DIC(5) pMCMC(6)

Original

1

PL 3.572 3.374 3.779 86.287 0.0001
NGP 61.780 56.630 67.320 328.234 0.0001
GWP 0.113 0.098 0.128 -280.441 0.0001

PI 17.680 16.340 18.960 226.021 0.0001

2

PL 3.605 3.463 3.739 21.081 0.0001
NGP 52.900 48.950 57.160 582.442 0.0001
GWP 0.081 0.072 0.090 -370.278 0.0001

PI 14.990 13.740 16.160 275.313 0.0001

3

PL 3.650 3.534 3.769 5.989 0.0001
NGP 72.000 67.310 76.400 353.213 0.0001
GWP 0.078 0.070 0.086 -395.513 0.0001

PI 19.850 18.690 20.960 292.416 0.0001

4

PL 4.031 3.896 4.160 37.338 0.0001
NGP 70.800 65.830 75.830 640.570 0.0001
GWP 0.065 0.059 0.072 -434.766 0.0001

PI 17.780 16.610 19.010 297.105 0.0001

5

PL 3.569 3.455 3.676 39.553 0.0001
NGP 65.220 60.680 69.770 611.617 0.0001
GWP 0.070 0.063 0.076 -425.998 0.0001

PI 18.420 17.230 19.640 -67.990 0.0001
Mutant

6

PL 3.651 3.547 3.756 3.634 0.0001
NGP 56.110 52.250 60.270 335.233 0.0001
GWP 0.063 0.058 0.069 -449.858 0.0001

PI 15.540 14.470 16.650 315.658 0.0001

7

PL 3.471 3.345 3.584 0.557 0.0001
NGP 67.890 63.890 71.980 57.991 0.0001
GWP 0.066 0.059 0.073 -423.754 0.0001

PI 19.710 18.570 20.810 267.755 0.0001

8

PL 3.277 3.136 3.421 -17.165 0.0001
NGP 33.750 31.490 35.970 359.418 0.0001
GWP 0.033 0.030 0.036 -510.571 0.0001

PI 10.293 9.727 10.900 152.508 0.0001

9

PL 3.780 3.632 3.928 -3.909 0.0001
NGP 66.220 60.490 71.930 323.130 0.0001
GWP 0.772 0.069 0.086 -288.037 0.0001

PI 17.570 16.180 19.010 204.857 0.0001

10

PL 3.580 3.446 3.711 -45.648 0.0001
NGP 54.770 50.930 59.230 505.576 0.0001
GWP 0.055 0.049 0.061 -437.476 0.0001

PI 15.690 14.460 17.020 158.254 0.0001
(1)Original, canary seed not subjected to induced mutation; and mutant, canary seed subjected to induced mutation with sodium azide. (2)Traits: 
PL, panicle length; NGP, number of grains per panicle; GWP, grain weight per panicle; and PI, panicle index.  (3)Mean of the posterior distribution.  
(4)Confidence interval (CI): <95% CI, below 95% probability; >95% CI, greater than 95% probability. (5)DIC: deviance information criterion. (6)pMCMC: 
significance of the probabilistic model using the Monte Carlo method with Markov Chains. 
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components of interest. In this context, population 5 
obtained the lowest value (0.38), while populations 
3, 7, and 9 obtained 0.51, and population 10 obtained 
0.57. A positive phenotypic relationship was reported 
between plant height and productivity of canary seed 
(Cogliatti et al., 2011), which, nevertheless, highlights 
that this association is undesirable, due to the tendency 
of tall plants to become lodging, similarly to what was 
observed for wheat and barley prior to the introduction 
of dwarfism genes (Chandler & Harding, 2013).

There was an amplitude between 0.35 and 0.67 in 
H2, for the number of grains per panicle (Table 3), in 
which the values 0.35, 0.36, 0.37, and 0.38 ‒ classified 
as medium ‒ were observed for populations 2, 5, 
8, and 4, respectively. These values suggest that 
the environmental effect was about 75% for these 
populations. High heritabilities were obtained for 
populations 1 (0.62) and 7 (0.67), which can partly be 
explained by their precocity. Regarding grain weight 
per panicle, the broad-sense heritability was similar 
for all populations, remaining close to 0.50. For the 
panicle index character, the highest H2 was obtained 
by population 5 (0.74), while the lowest value was 
obtained by population 6 (0.42).

The values related to the additive genetic portion, 
determined by narrow-sense heritability (h2) (Table 3), 
varied between 0.19 and 0.28 for panicle length. Thus, 
it can be inferred that the effect of the environment 
is important for the expression of canary seed yield 

components, in which less variation was observed, in 
comparison with the heritability in the broad-sense. 
Population 5 showed the lowest h2 value (0.19), while 
the highest values were observed in populations 8 and 
10, with 0.27 and 0.28, respectively.

The h2 ranged between 0.17 and 0.33 for the number 
of grains per panicle (Table 3). The lowest heritability 
values were shown by populations 2, 4, 5 and 9, while 
the largest heritable portions occurred in populations 
1 and 7, with 0.31 and 0.33, respectively. Narrow-
sense heritability values showed the same values in all 
populations for grain weight per plant (0.25). As for 
the panicle index, the variation of heritability varied 
between 0.21 and 0.37, for which populations 5 and 
10 showed greater values, with h2 of 0.37 and 0.30, 
respectively. The value of narrow-sense heritability 
directly reflects the selection gains, a context in which 
reduced values imply more rigorous selection pressures 
(fewer number of individuals selected) to be successful.

As it is an autogamous plant, canary seed benefits 
from narrow-sense heritability, which can be carried 
over to the next generation. Due to this characteristic, 
after achieving sufficient genetic variability, breeding 
programs can direct selection strategies with methods 
developed for self-pollinating plants, such as the 
pedigree method (Oliveira et al., 2015).

Estimates based on narrow-sense heritability values 
show that rigorous selection pressures resulted in the 
highest values of selection gain, across all agronomic 

Table 3. Days to flowering (DF), days to physiological maturity (DM), broad-sense heritabilities (H2) and narrow-sense 
heritabilities (h2) in different traits(1) of original and mutant populations of canary seed (Phalaris canariensis).

Population(2) DF DM H2 h2

PL NGP GWP PI PL NGP GWP PI
Original
1 80 104 0.48 0.62 0.51 0.53 0.24 0.31 0.25 0.27
2 104 111 0.49 0.35 0.51 0.48 0.24 0.17 0.25 0.24
3 111 118 0.51 0.47 0.50 0.50 0.26 0.24 0.25 0.25
4 116 128 0.44 0.38 0.50 0.45 0.22 0.19 0.25 0.22
5 118 134 0.38 0.36 0.50 0.74 0.19 0.18 0.25 0.37
Mutant
6 116 131 0.46 0.54 0.50 0.42 0.23 0.27 0.25 0.21
7 90 100 0.51 0.67 0.50 0.49 0.25 0.33 0.25 0.24
8 95 107 0.54 0.37 0.50 0.49 0.27 0.19 0.25 0.24
9 114 125 0.51 0.47 0.50 0.46 0.26 0.23 0.25 0.23
10 114 125 0.57 0.41 0.50 0.59 0.28 0.20 0.25 0.30

(1)Traits: PL, panicle length; NGP, number of grains per panicle; GWP, grain weight per panicle; and PI, panicle index. (2)Original, canary seed not 
subjected to induced mutation; and mutant, canary seed subjected to induced mutation with sodium azide. 
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traits of interest (Table 4 and Table 5). Selection 
pressures from 1% to 4% can be applied, if the interest 
is to obtain panicle length increments greater than 
0.30 cm for all populations. It is necessary to consider 
that the selection of panicle length should not penalize 
the number of grains per plant at the same time that 
it should not favor lodging. Plants with unbalanced 
height and panicle length are more prone to lodging. 
The reduction of grain yield promoted by plant lodging 
varies between 8% and 34% (Berry et al., 2004), and 
between 43% and 61% (Acreche & Slafer, 2011).

A greater variation was observed in genetic gains for 
the number of grains per panicle among the populations 
evaluated (Table 4), and it was more pronounced in 
populations 1, 6, and 7, which withstood selection 
pressures of up to 10%, while maintaining a gain of 
10 grains per panicle. However, the identification 
of an optimal selection pressure should consider the 

entire genetic basis present. Therefore, it is possible 
to obtain genetic progress for this character with 3% 
selection pressures. This greater tolerance to more 
stringent selection pressure is directly related to the 
heritability values previously discussed. The reduced 
selection gain values for the grain weight per plant are 
related to the low heritability in the restricted sense 
for the trait, in addition to the fact that the production 
of light grains is an intrinsic characteristic of canary 
seed. This also shows that mutation induction was not 
effective to create variability for this trait.

There was no direct influence of selection gains on 
the panicle length and number of grains per panicle, 
and on the panicle index character (Table 5). This 
is an indication that gains for panicle length are not 
related to the greater number of grains, a fact that is 
proven when the greatest selection gain for the panicle 
index was obtained by population 5, which means 

Table 4. Response to selection of canary seed (Phalaris canariensis L.) populations for panicle length and number of grains 
per panicle based on selection pressures between 1% (highest intensity) and 90% (lowest intensity).

Population(1) Selection pressures
1% 2% 3% 4% 5% 10% 20% 40% 50% 60% 70% 80% 90%

Original Panicle length
1 0.45 0.40 0.37 0.36 0.34 0.29 0.23 0.16 0.13 0.11 0.08 0.06 0.03
2 0.46 0.41 0.38 0.37 0.35 0.30 0.24 0.16 0.14 0.11 0.08 0.06 0.03
3 0.48 0.44 0.40 0.39 0.37 0.31 0.25 0.17 0.14 0.11 0.09 0.06 0.04
4 0.42 0.38 0.35 0.33 0.32 0.27 0.22 0.15 0.12 0.10 0.08 0.05 0.03
5 0.36 0.32 0.30 0.29 0.28 0.23 0.19 0.13 0.11 0.08 0.07 0.05 0.03
Mutant
6 0.43 0.39 0.36 0.35 0.33 0.28 0.23 0.16 0.13 0.10 0.08 0.06 0.03
7 0.48 0.43 0.40 0.38 0.37 0.31 0.25 0.17 0.14 0.11 0.09 0.06 0.04
8 0.50 0.46 0.42 0.40 0.39 0.33 0.26 0.18 0.15 0.12 0.09 0.07 0.04
9 0.48 0.43 0.40 0.38 0.37 0.31 0.25 0.17 0.14 0.11 0.09 0.06 0.04
10 0.53 0.48 0.45 0.42 0.41 0.35 0.27 0.19 0.16 0.13 0.10 0.07 0.04
Original Number of grains per panicle
1 20.21 18.26 16.99 16.17 15.57 13.17 10.48 7.26 5.99 4.79 3.74 2.62 1.50
2 11.25 10.16 9.46 9.00 8.66 7.33 5.83 4.04 3.33 2.67 2.08 1.46 0.83
3 15.45 13.96 12.99 12.36 11.90 10.07 8.01 5.55 4.58 3.66 2.86 2.00 1.14
4 12.49 11.29 10.50 10.00 9.63 8.14 6.48 4.49 3.70 2.96 2.31 1.62 0.93
5 11.68 10.56 9.82 9.35 9.00 7.61 6.06 4.20 3.46 2.77 2.16 1.51 0.87
Mutant
6 17.46 15.78 14.68 13.97 13.45 11.38 9.05 6.27 5.17 4.14 3.23 2.26 1.29
7 21.75 19.66 18.29 17.40 16.76 14.18 11.28 7.81 6.45 5.16 4.03 2.82 1.61
8 12.06 10.90 10.14 9.65 9.29 7.86 6.25 4.33 3.57 2.86 2.23 1.56 0.89
9 15.14 13.68 12.73 12.11 11.66 9.87 7.85 5.44 4.49 3.59 2.80 1.96 1.12
10 13.21 11.94 11.10 10.57 10.17 8.61 6.85 4.74 3.91 3.13 2.45 1.71 0.98

(1)Original, canary seed not subjected to induced mutation; and mutant, canary seed subjected to induced mutation with sodium azide.



8 W.J.A. Bandeira et al.

Pesq. agropec. bras., Brasília, v.60, e03781, 2025
DOI: 10.1590/S1678-3921.pab2025.v60.03781

that most structures that form the inflorescence and, 
subsequently, the grains, are not viable in the field. 
Selection should occur in a way that increases the 
primary components of performance in the foreground. 
Selection pressures between 3% and 4% are ideal for 
this trait and allows of panicle index values greater 
than 3.0 to be obtained in all populations.

The selection of plants with a compact panicle 
phenotype that maintain an acceptable number of grains 
is one of the ways for obtaining promising lineages that 
will result in higher grain yields in the field.

Conclusions

1. Heritability values and selection gains estimated 
for canary seed make it possible to obtain improved 
lines from rigorous selection pressures.

2. Indirect selection for canary seed yield is viable 
by using easily measurable characteristics, through 
rigorous selection pressures.
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