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ABSTRACT
The success of any breeding program depends on the ability of the breeder to select genetically superior progenies for
multiple traits simultaneously, and an alternative is the use of selection indexes. In this study, the selection indexes
of Smith-Hazel, Base Index, Sum of Ranks, and Index Z were used to select superior upland rice progenies for four
important agronomic traits. Five commercial cultivars and 191 progenies F2:4 of upland rice were evaluated for days for
flowering, plant height, blast resistance, and grain yield in four environments. The genetic correlation between pairs of
traits, the response of selection in each trait and the correlated response considering the selection for number of days to
flowering and the response in grain yield were obtained, using an intensity of selectionof 20%. The predicted response
to selection of each trait was expressive, but the indirect selection response was not effective. The most efficient selection
was obtained by Z Index, which showed the highest response considering all traits simultaneously and was also easy
to implement and to interpret graphically interpretation. Therefore, the Z Index can greatly increase the efficiency of
selection for multiple traits in upland rice breeding programs.
Keywords: Oryza sativa L., plant breeding, quantitative genetics, selection gain
RESUMO
O sucesso de um programa de melhoramento genético depende da seleção de genótipos superiores para características
múltiplas em simultâneo, e uma alternativa é utilizar os índices de seleção. Neste trabalho, os índices “Smith-Hazel”,
“Base”, “Sum of Ranks” e “Z” foram usados para selecionar genótipos de arroz em zonas de elevada altitude para
quatro características. Cinco variedades comerciais e 191 genótipos F2:4 foram avaliados para as características: números
de dias à floração, altura, resistência a piricularia e produção de grão, em quatro ambientes. A correlação genética entre
os pares de características, a resposta de seleção para cada caracter e o resultado da correlação, considerando a seleção
para o número de dias à floração e a produção de grão foi obtida usando uma intensidade de seleção de 20%. A resposta
prevista para a seleção de cada caracter foi expressiva, mas a resposta para a seleção indireta não foi efetiva. O índice
de seleção mais eficiente foi o índice Z que mostrou melhor resposta quando se consideraram todos os tratamentos
em simultâneo, foi fácil de implementar e separou graficamente o desempenho dos genótipos para cada característica.
Assim, o índice Z pode aumentar a eficiência da seleção para características múltiplas em programas de melhoramento
de arroz para zonas de altitude.
Palavras-chaves: Oryza sativa L., melhoramento de plantas, genética quantitativa, eficiênciana seleção.
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INTRODUCTION
Plant breeding programs aim to obtain cultivars
that associate high grain yield to other interesting
agronomic traits (Bernardo, 2010). However,
breeding for multiple traits is generally more
difficult than breeding for a single trait alone. The
genetic and phenotypic correlations are either
positive or negative and, more importantly, either
favorable or unfavorable, so as the selection for one
trait can have a positive or a negative consequence
in another trait. Therefore, the success of any
breeding program depends directly on the
ability of the breeder to carry on the segregating
population and to select progenies genetically
superior for multiple traits simultaneously (Borém
and Miranda, 2005; Ramalho et al., 2012).
The estimation of genetic and phenotypic
parameters as heritability, predicted response to
selection, and genetic and phenotypic correlations
is extremely important since they support the
decisions that will guide the breeding program.
However, these parameters are measured for each
trait, and do not inform much about the relation
between traits. In this case, the use of a selection
index can efficiently help the selection for multiple
traits simultaneously.
Selection indexes are linear functions of the
different traits and accounts for the relative
superiority or inferiority of genotypes for all
traits simultaneously (Bernardo, 2010). This
strategy is expected to be more efficient than other
alternatives of multiple trait selection like the use
of independent culling levels and tandem selection
(Missio et al., 2004; Vieira et al., 2005).
There are many selection indexes described in
literature and their mainly difference is how the
index weights are obtained. The first selection index
was proposed by Smith (1936) and Hazel (1943) for
animal breeding, also known as Optimal Index.
The Smith-Hazel Index considers the phenotypic
and genetic covariance among traits as well as the
economic value for each trait. However, to have
an optimal index, it is necessary to obtain these
parameters without error, which does not happen
in practice (Cruz and Carneiro, 2003; Mendes et al.,
2009; Bernardo, 2010; Ramalho et al., 2012).

Williams (1962) proposed the Base Index as an
alternative to the Smith-Hazel Index, in which
the economic weights are used directly on the
linear model. However, the use of economic
weights directly may also be a problem due to its
subjectivity, making these methods low effective
(Ramalho et al., 2012). In order to control these
limitations, other indexes were proposed, as the
Sum of Ranks by Mulamba and Mock (1978) and
the Z Index by Mendes et al. (2009).
The choice of the most appropriate index varies
according to the crop and traits of interest. Despite
the usefulness of selection indexes in plant
breeding, there are very few reports of the use of
selection index in upland rice genotypes. Therefore,
the aim of this study was to compare the SmithHazel Index, Base Index, Sum of Rank and Z Index
in the selection of superior upland rice progenies
for grain yield, number of days to flowering, blast
resistance and plant height simultaneously.

MATERIALS AND METHODS
Progenies from the Upland Rice Breeding Program
from the Brazilian public research institution
EMBRAPA (Empresa Brasileira de Pesquisa
Agropecuária) were evaluated for four important
traits in rice: (i) plant height (cm), taken from the
ground to the tip of the main panicle(PH); (ii) blast
resistance (Pyricularia grisea) (BR), the evaluation
was visual, assigning grades according to the
following scale:
Note 1: less than 5% of infected leaves and/or
panicles;
Note 3: 5% to 10% of infected leaves and/or panicles;
Note 5: 11% to 25% of infected leaves and/or
panicles;
Note 7: from 26% to 50% of infected leaves and/or
panicles;
Note 9: more than 50% of infected leaves and/or
panicles.
(iii) days for flowering, number of days from
sowing to flowering , when the plot presents
approximately 50% of plants with panicles (NF);
and (iv) grain yield (kg.ha-1)(GY), total grains
weight for each plot, after harvesting and drying
to 13%.
Smiderle et al., Index selection for multiple traits in upland rice progenies
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The experiment was performed in four
experimental stations in 2012-2013 growing season,
following the experimental design lattice 14×14
with two replications and 196 lines, consisting of
191 F2:4 progenies and five commercial upland rice
cultivars, named from 1 to 196. The experimental
stations were located in Sinop, MT (11o51’51’’S;
55o30’09’’W), Vilhena, RO (12o44’26’’S; 60o08’45’’W),
and Santo Antônio de Goiás, GO (16o29’01’’S;
49o18’40’’W, two stations), named E1, E2, E3 and
E4, respectively. Plots consisted of four rows of
5 m, spaced 30 cm, with 60 seeds per meter. The
technical itinerary for the correct development of
the crop was performed according to the technical
recommendation for each environment, except the
fungicide application. In case of disease control,
fungicides were not used as the disease tolerance
of these plants were part of the experimental
assessment.
Analyses of variance were performed for each trait
by environment and across environments following
the lattice design. The effects of environment were
considered fixed and the effects of the treatments
were considered random.The mean squares of
each analysis were matched with their expected
values to obtain the genetic variances between
genotypes in each environment
, variance of the
genotypes×environment interaction
and to
obtain broad-sense heritability (h2)considering the
genotypes means in each environment. Confidence
intervals were estimated to the genetic variances
according to Ramalho et al. (2012) and to the
heritability coefficient according to Knapp et al. (1985).
Two estimates were considered statistically different
(P≤0.05) when their range intervals didn’t overlap.
The genetic correlation (rY,X) between two traits
X and Y were estimated as
,
where COV Y,X was the genetic covariance between
X and Y; and
and were the genetic variance
of the traits X and Y. The response of selection
(RS) for each trait, considering the genotypes means
in each environment, was estimated according to
Ramalho et al. (2012):
where RS was the
response of selection in each environment; i was
the standardized selection intensity of 20%; was
the genetic variance, and
was the phenotypic
standard deviation. The errors associated with the
expected gains from selection was estimated by
the expression proposed by Bridges et al. (1991).
6
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The correlated response of selection (RCGY⁄ NF)
between traits grain yield (GY) and number of
days for flowering (NF) was estimated according
to Falconer and Mackay (1996): RCGY⁄ NF=i hGY hNF
rGY,NF σFGY where hGYand hNF were the square root of
the heritability for the traits GY and NF; and σFGY
was phenotypic standard deviation of GY.
Four selection indexes were obtained considering
the means of the genotypes in all environments for
all traits simultaneously. The intensity of selection
was 20%, corresponding to 38 progenies. The
selection indexes used were:
a) S
 mith-Hazel Index, as I SH = ∑b n x n , where b n
was the weight for the trait n and x n was the
phenotypic value for the trait n. The bn weights
were calculated as b=P-1 Ga, where was a n x
1 vector of bn values; P-1 was a n x n matrix of
phenotypic covariances among the traits; was
a n x n matrix of genetic covariances among
the traits; and is a n x 1 vector of economic
weights for the traits (Smith, 1936; Hazel, 1943;
Bernardo, 2010). All traits were considered as
having the same economic value, as weight 1
for grain yield, 1 for blast tolerance, -1 for days
for flowering, and -1 to plant height, enabling
to place all traits data in the desired direction
for selection (Rangel et al., 1998; Tardin et al.,
2007).
b) B
 ase Index, as IB=a1x1+a2x2+…+a n x n, where was
a n the economic weight for the trait n (Williams,
1962).
c) S
 um of Ranks, as IMM=∑a nr in, where was r in the
rank of the progeny i for the trait n (Mulamba
and Mock, 1978).
a) Z Index, as IZ=∑Zikn, where
was
the standardized value related to the progeny
i at the replicate k for the trait n; Yikn was the
phenotypic value of the progeny i at the replicate
k for the trait n; Y..n was the overall mean of the
trait n; and was the standard deviation of the
trait n. It was performed an analysis of variance
of the Z Index and the same genetic and
phenotypic parameters estimated considering
the traits individually were obtained to the
Z Index (Mendes et al., 2009).

In order to assess the proportion of progenies
selected in common between indexes, a
Coincidence Index (CI) was obtained following the
expression of Hamblin and Zimmermann (1986):
, where: A was the number of progenies
selected by both indexes I1 and I2; C was the
number of progenies assumed to be selected by
both indexes at random; and M was the number of
progenies selected only by I1.

time, from 2.4 to 6.2 for blast resistance, and from
83.25 to 120.00 cm for plant height.

RESULTS AND DISCUSSION

Genotype×environment interaction (GE) was
significant in the combined analysis of variance,
indicating that the progenies performance
varied across environments. The presence of
GE interaction is frequently reported for upland
rice genotypes (Rangel et al., 1998; Morais et al.,
2008; Breseghello et al., 2011; Regitano Neto et al.,
2013). For this reason, the selection of progenies
was performed by environment.

Highly significant differences (p<0.01) between
progenies were detected in the analyses of variance
for all traits, in all environments and across
environments (data not shown), indicating the
existence of genetic variability, essential condition
to achieve success with selection. The progenies
means varied from 2732 kg.ha-1 to 5939 kg.ha-1 for
grain yield, from 73.50 to 95.25 days for flowering

The genetic variance between progenies in
each environment
, variance of the
genotypes×environment interaction
and
broad-sense heritability (h 2) considering the
genotypes means in each environment are shown
in Table 1. The confidence interval of
for
days to flowering and plant height overlapped
between environments, meaning that they didn’t

Table 1 - Estimates of genetic parameters for days for flowering (NF), plant height (PH), blast resistance (BR) and grain yield
(GY) of the 191 upland rice progenies F2:4 in four environments
Env.1/
E1
E2
E3
E4
Env.
E1
E2
E3
E4
Env.
E2/
1/

NF (days)
18.27
(15.09 – 22.59)3/
19.41
(16.03 – 23.99)
23.39
(19.32 – 28.91)
19.75
(16.31 – 24.42)

PH (cm)
32.74
(27.04 – 40.47)
26.97
(22.27 – 33.33)
32.64
(26.96 – 40.34)
43.48
(35.91 – 53-74)

BR (grade)
0.27
(0.22 – 0.33)
0.35
(0.29 – 0.44)
0.15
(0.12 – 0.18)
0.51
(0.42 – 0.64)

GY (kg.ha-1)
21,4115.86
(17,6828.82 – 26,4647.78)
27,8806.58
(23,0251.27 – 34,4601.57)
65,8731.82
(54,4017.47 – 81,4194.29)
69,7099.92
(57,5703.99 – 86,1617.38)

NF (days)
91.56
(88.68 – 93.71)
93.47
(91.25 – 95.14)
80.56
(73.95 – 85.53)
93.40
(91.16 – 95.09)

PH (cm)
72.88
(63.65 – 79.81)
71.59
(61.93 – 78.85)
47.19
(29.24 – 60.70)
71.99
(62.47 – 79.34)

BR (grade)
49.54
(32.38 – 62.44)
46.40
(28.17 – 60.11)
37.50
(16.24 – 53.48)
68.21
(57.40 – 76.34)

GY (kg.ha-1)
62.38
(49.59 – 72.00)
33.68
(11.13 – 50.64)
76.83
(68.96 – 82.76)
75.06
(66.89 – 81.21)

NF (days)
2.45
(2.19 – 2.76)

PH (cm)
7.79
(6.96 – 8.78)

BR (grade)
0.26
(0.24 – 0.30)

GY (kg.ha-1)
98,1802.48
(87,7090.95 – 11,0655.57)

Environments E1, E2, E3, E4; 2/ E = All environments; 3/ Confidence interval with a probability level of 5%; 4/ Genetic variance between progenies in each environment;
Broad sense heritability; 6/Variance of the genotype×environment interaction.
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The use of cultivars with earlier maturity allows
the cultivation of rice in periods that it would not be
possible due to the risk of drought. Therefore, there
were estimated the genetic correlation between
days until flowering and grain yield (rGY,NF), the
correlated response in grain yield considering
the selection for number of days for flowering
(RCGY⁄ NF), and the relation between RCGY⁄ NF and
the predicted response to selection for grain yield
(RSGY) (Table 3).

differ statistically. For blast resistance,
was
significantly lower in environment 3 (E3), and
for grain yield,
was significantly lower in
environments 1 and 2 (E1 and E2). All traits
showed significant differences for h 2 estimates
across environments (Table 1).
All traits presented h 2 similar to other estimates
reported in upland rice genotypes (Servellon, 1996;
Morais et al., 1997; Rangel et al., 1998; Breseghello
et al., 2011; Cordeiro and Rangel, 2011). The
estimates obtained in this study had considerable
values, especially for grain yield, which is a
complex quantitative trait.

Table 3 - Genetic correlation (rGY⁄NF) and correlated response
to selection (RCGY⁄NF) between grain yield (GY)
and days for flowering (NF), and relation with the
response to selection for grain yield (RSGY)

T he predicted respon se to select ion (RS)
considering the selection of 20% of progenies
for each trait separately was expressive, mean of
690.54 kg.ha-1 for grain yield, 0.48 units in the grade
scale for blast resistance, -5.97 cm for plant height,
and -5.54 days to flowering (Table 2). The negative
value of the RS estimate for the character of plant
height is a desirable fact, once in the breeding
programs it seeks for genotypes with reduced heights
until 100 cm, avoiding grain yield losses caused by
lodging. Also, small errors were obtained, certifying
that the RS estimates differed from zero. These are
interesting results especially for a complex trait as
grain yield, occurring mainly due to the progenies
variability and the precision they were obtained.

Env.1/

E1
E2
E3
E4
1/

0.01
0.19
-0.24
-0.39

6.63
124.73
-244.73
-440.55

0.22
3.01
-4.59
-7.63

0.01
0.31
-0.27
-0.46

Environments E1, E2, E3, E4; 2/ Absolute values of ; 3/ Relative values of .

These results suggest that the selection of progenies
with a few days for flowering had a positive
response in grain yield at the environments E1 and
E2. However, at the environments E3 and E4, the
selection of progenies with earlier maturity led to
a reduction in grain yield. Considering the relation
RCGY⁄ NF/RSGY, in all cases the efficiency of indirect
selection compared to direct selection was smaller
than 1.0, meaning that the response of selection
considering only grain yield was higher than
the selection performed the number of days for
flowering. Expected fact, because of the physiology
of the rice plant, genotypes with greater number of
days from sowing to days to flowering presented

Similar results were found by Cordeiro and
Medeiros (2010) for grain yield and plant height
in upland rice lines, but a much smaller RS for
number of days for flowering (RS=-0.1 days).
Breseghello et al. (2011), on the other hand, found
a high RS for number of days for flowering
(RS=-6.35 days) in a study of 25 years of the upland
rice breeding program from EMBRAPA.

Table 2 - Predicted response to selection (RS) considering the selection of 20% of progenies in each environment for days for
flowering (NF), plant height (PH), blast resistance (BR) and grain yield (GY)
NF (days)

Env. 1/

E1
E2
E3
E4
Mean
1/

-5.26
-4.64
-6.46
-5.80
-5.54

PH (cm)

Err.2/

% 3/

0.35
0.35
0.49
0.35

-6.77
-5.88
-6.94
-6.70

-6.41
-5.70
-5.00
-6.75
-5.97

BR (grade)

Err.

%

0.67
0.62
1.13
0.79

-6.35
-5.64
-5.00
-6.75

0.47
0.58
0.28
0.61
0.48

Environments E1, E2, E3, E4; 2/ Error associated to the absolute values of RS; 3/ Relative values of RS.
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GY (kg.ha-1)

Err.

%

0.10
0.12
0.09
0.09

11.60
13.16
10.49
21.03

477.33
404.99
912.24
967.61
690.54

Err.

%

66.94
142.30
88.17
92.94

16.02
9.76
17.11
16.75

higher grain yield (Breseghello et al., 2011).
According to Falconer and Mackay (1996), it is
worthy to perform an indirect selection when the
heritability (h 2) of the trait under selection is high,
and the heritability of the trait of interest is small,
but the genetic correlation between these traits must
be large. High estimates of heritability were found
for NF, PH and GY characters. the values obtained
for the character of grain yield, in accordance
with the literature, due to the quantitative genetic
control of the characteristic associated with the
great influence of the enviroment, tend to obtain
values below 40% (Morais et al., 2008).
Nevertheless, it becomes evident the complexity of
selection for multiple traits simultaneously. In this
case, the use of selection indexes turns to be an
interesting and easier strategy. The proportion
of progenies selected in common by Smith-Hazel
Index (ISH), Base Index (IB), Sum of Ranks (IMM)
and Z Index (IZ) are showed in Table 4. There are
more coincidence in the selection of the best lines
between the ISH and IB indexes, which allows
in principle, that the breeder can choose these
two indexes to assist in the selection for multiple
traits. Several studies comparing selection indexes
in different species can be found in literature
(Oliveira et al., 2008; Pedrozo et al., 2009; Freitas
et al., 2013). However, comparisons involving the
Z Index were found only in common bean and
eucalyptus (Mendes et al., 2009; Reis et al., 2011;
Lima et al., 2012).
The high coincidence of progenies selected in
common by and is somehow expected, since both
indexes are greatly influenced by the scale of
measurement of traits. Because grain yield was
measured in kg.ha-1, it greatly influence the other
traits measured in smaller scales. The indexes IMM
and IZ, on the other hand, are not influenced by

Table 4 - Proportion of progenies selected in common by
Smith-Hazel Index (ISH), Base Index (IB), Sum of
Ranks (IMM) and Z Index (IZ) considering an intensity
of selection of 20% of the progenies
Selection Index

ISH
IB
IMM

Coincidence Index (%)
IB

IMM

IZ

96.71
-

50.66
47.37
-

44.08
40.79
73.68

the scale of the original data, because they are
calculated using non-dimensional scales.
The percentage of the response of selection (RS) of
the progenies selected using each index for the four
traits evaluated are shown in Table 5. IZ showed
the highest RS for the traits number of days for
flowering and plant height, IMM had the best value
for blast resistance, and the best response for grain
yield was obtained by ISH and IB.

Table 5 - Response of selection of Smith-Hazel Index (ISH),
Base Index (IB), Sum of Ranks (IMM) and Z Index
(IZ) considering the mean of the progenies for each
trait: days for flowering (NF), plant height (PH),
blast resistance (BR) and grain yield (GY)

1/

Response of Selection

Selection
Index

NF (days)

PH (cm)

BR
(grade)

GY (kg.
ha-1)

Total1/

ISH
IB
IMM
IZ

-1.55
-1.48
-1.01
-3.79

-0.31
-0.18
-3.41
-4.35

0.46
0.49
3.07
1.04

12.05
12.06
8.29
7.3

14.37
14.21
15.78
16.48

Response of selection considering all traits simultaneously.

Although showing small response of selection
for grain yield, IZ presented the higher response
considering all traits simultaneously, with a
response value for selection of 16,48. A great
advantage of this index is the possibility to perform
an analysis of variance with the standardized
values (Z), which are obtained per plot. This
strategy allows to verify the effect of genotype
x environment interaction on the index. In this
study, the effect of GE interaction was significant
(p < 0.05) in the analysis of variance of the Z values
across environments, and the index heritability
was h 2=0.87, indicating that the selection using this
index had high genetic value.
Another advantage of IZ is the possibility to display
the performance of progenies for each trait in a
graphic, allowing to observe the traits which the
progenies are more deficient (Mendes et al., 2009).
Since the values for each trait are standardized, the
mean of the population is zero. Considering the
traits separately, progenies with higher values of
Z show behavior above the average. In this study,
Smiderle et al., Index selection for multiple traits in upland rice progenies
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Figure 1 - Graphic display of the standardized values for number of days to flowering (NF), plant height (PH), blast resistance
(BR) and grain yield (GY) of the four upland rice progenies that stood out as outliers (lines 97, 103, 65 and 48). The
dashed line refers to the overall mean, equal to zero.

this behavior occurred for lines named as 97 and
103 for all traits. However, line 65 had the opposite
behavior, showing a bad performance for all traits.
Line 48 showed superior performance only for
blast resistance (Figure 1).

The Index Z showed the higher response of
selection considering all traits simultaneously,
in addition to be the easiest to implement and to
allow a graphic display of the performance of the
progenies in each trait.

CONCLUSION
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