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ABSTRACT. Genetically improved cultivars of elephant grass need 
to be adapted to different ecosystems with a faster growth speed and 
lower seasonality of biomass production over the year. This study 
aimed to use selection indices using mixed models (REML/BLUP) for 
selecting families and progenies within full-sib families of elephant 
grass (Pennisetum purpureum) for biomass production. One hundred 
and twenty full-sib progenies were assessed from 2014 to 2015 in a 
randomized block design with three replications. During this period, 
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the traits dry matter production, the number of tillers, plant height, stem 
diameter, and neutral detergent fiber were assessed. Families 3 and 1 
were the best classified, being the most indicated for selection effect. 
Progenies 40, 45, 46, and 49 got the first positions in the three indices 
assessed in the first cut. The gain for individual 40 was 161.76% using 
Mulamba and Mock index. The use of selection indices using mixed 
models is advantageous in elephant grass since they provide high gains 
with the selection, which are distributed among all the assessed traits in 
the most appropriate situation to breeding programs.

Key words: Pennisetum purpureum Schum; Energy matrix; 
Selection index; Mixed models

INTRODUCTION

The need for innovations for the energy matrix in Brazil and the world means that 
more and more alternatives are being sought for clean energy. Energy produced from biomass 
is renewable and less polluting, and tropical forage grasses are options to obtain this energy 
(Daher et al., 2014; Menezes et al., 2015). From the socio-economic point of view, the insertion 
of these crops as renewable energy sources could contribute to agribusiness, diversifying the 
economy and creating jobs (Oliveira et al., 2015).

In Brazil, elephant grass (Pennisetum purpureum Schum.) has been prominent due to 
its higher dry matter accumulation and high fiber content. According to Morais et al. (2009), 
this crop is efficient in CO2 fixation, being able to accumulate more than 60 mg/ha dry matter 
per year under ideal conditions. Besides, some morphological elephant grass traits are highly 
correlated with biomass production such as stem diameter, the number of tillers, leaf blade 
width, height, and dry matter production.

The Darcy Ribeiro State University of Northern Rio de Janeiro (UENF) has an elephant 
grass-breeding program aiming at identifying genotypes with potential use for biomass and 
simultaneously adapted to northern and northwestern Rio de Janeiro. The program started with 
morphological and molecular characterization (de Lima et al., 2011; Oliveira et al., 2014) and 
subsequently with crossing (Silva et al., 2014; Menezes et al., 2015, 2016) of genotypes from 
the elephant grass germplasm bank of the UENF.

However, simultaneous assessments of several traits are common in breeding programs 
(Silva and Viana, 2012), as in elephant grass. Therefore, selection based on one or a few traits 
may generate undesirable changes due to negative genetic correlations between them (Cruz et 
al., 2014). An alternative is the use of selection indices, which use multivariate techniques to 
associate information related to several traits of agronomic interest in genetic properties from 
the population assessed (Krause et al., 2012). Moreover, the use of selection indices allows 
obtaining gain for more than one character at a time, obtaining, more quickly, genotypes with 
patterns suitable for different traits (Piepho et al., 2008).

Furthermore, an alternative for using index construction that results in a more accurate 
selection is the estimation of variance components by the restricted maximum likelihood 
(REML) and prediction of genetic values by the best linear unbiased predictor (BLUP) 
(Resende, 2002). The selection index using predicted genetic values and mixed models allow 
progenies to be classified according to their genetic value. Predicted genetic values of several 
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auxiliary traits can be used to construct a selection index for each trait, incorporating economic 
weights and genetic covariance between traits (Viana and Resende, 2014). However, the use of 
selection index by mixed models is unknown in elephant grass families.

This study aimed to use selection indices by mixed models (REML/BLUP) for 
prediction of genetic gains in full-sib families of elephant grass and to select the best families 
and progenies for biomass production.

MATERIAL AND METHODS

Eight elephant grass accessions belonging to the germplasm bank of the UENF, 
previously selected as described by de Lima et al. (2011), were used as female genitors 
(IJ7139, CPAC, and IAC-Campinas) and male genitors (Cameroon, Cubano Pinda, BAG-86, 
Capim cana D’Africa, and Vrukwona). Manual crossings were performed according to Silva 
et al. (2014), pollen grains of elephant grass genotypes (male genitor) were collected in paper 
bags and then brought to female genotypes when their inflorescences, duly protected with a 
paper bag, had receptive stigmas. Emasculate process was not needed because of protogyny 
(Passos et al., 2005). The crossing was carried out between 8:00 and 10:00 am in 2013.

The experiment was carried out at the experimental station of the Centro Estadual de 
Pesquisa em Agroenergia e Aproveitamento de Resíduos, Pesagro-RJ (State Research Center 
in Agroenergy and Waste Reuse), in Campos dos Goytacazes, northern Rio de Janeiro State, 
Brazil. The area is located at the geographical coordinates 21°19’23’’S and 41°19’40’’W, with 
an altitude of 20 m and regional climate classified as Aw, according to Koppen’s classification. 
Soil is classified as a dystrophic Argisol (Embrapa, 2006), with the following pH: CaCl2 = 
6.0 and phosphorus = 11 mg/dm3; potassium = 3.2 mmolc/dm3; calcium = 46.8 mmolc/dm3; 
magnesium = 22.5 mmolc/dm3; aluminum = 0.0 cmolc/dm3; hydrogen + aluminum = 21.2 
mmolc/dm3, and carbon = 12.3 g/dm3.

After manual crossing between genitors and harvesting of hybrid seeds, hybrids were 
sown in 128-cell Styrofoam trays filled with forest substrate. Seedlings were transplanted to the 
field when they reached a height of 20 cm, about 40 days after germination, in December 2013.

One hundred and twenty full-sib progenies derived from the crossing were planted in 
the field experiment in a randomized complete block design with three replications and five 
plants per plot, spaced 1 m between and within planting rows. The evaluations were carried 
out in two periods (cuts), the first cut made after 12 months of sowing (2014), and the second 
cut 8 months after the first (2015). According to Rengsirikul et al. (2011), biomass yield, 
growth components, and chemical composition decreased after a 12-month interval of dry 
matter in elephant grass.

The assessed traits were those correlated with the dry matter production (Menezes et 
al., 2014): number of tillers (NT) obtained by counting the number of tillers from individual 
plants, moments before the harvest for evaluation; stem diameter (SD, cm) taken from three 
plants from each clump, measured 10 cm above the soil level with a digital caliper; plant height 
(PH, m) measured in three random plants from each clump with a graduated ruler. The biomass 
quality traits were assessed at the Laboratory of Animal Science of Universidade Estadual do 
Norte Fluminense Darcy Ribeiro (LZO/UENF): dry matter yield (DMY), estimated from the 
percentage of dry matter and the weight of tillers from individual plants, and percentage of 
neutral detergent fiber (%NDF) was carried out as described by Mertens (2002), using the 
Ankom® Filter Bag Technique.
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Selection index analyses using REML/BLUP were performed by using the 
Computerized Genetic Selection - SELEGEN-REML/BLUP program, as described by 
Resende (2007a). The model used was the 101:

y  Xr  Zg  Wp  e= + + +

where y is the data vector, r is the vector of repetition effects (assumed to be fixed) added to 
the overall average, g is the vector of individual genotypic effects (assumed to be random), p 
is the vector of plot effects, and e the vector of errors or residuals (random). X, Z, and W are 
the known incidence matrices formed by values 0 and 1, which associates the unknown ones 
r, g, and p to the data vector y, respectively.

Selection indices were obtained using three approaches (Viana and Resende, 2014): a) 
additive index, in which the relative economic importance or character weights are provided; 
b) multiplicative index, in which the aggregate genotypic refers to the product of traits; c) 
mean rank index, adapted from Mulamba and Mock (1978), in which genotypic values are 
classified for each character and the average of rankings of each genotype for all traits are 
presented as final result. Economic weights were established respecting the proportionality of 
relative economic values of traits involved.

According to Cruz et al., (2014), the index proposed by Mulamba and Mock is 
characterized by eliminating the need to establish relative economic weights to several traits 
and estimating the phenotypic and genotypic variances and covariance. The multiplicative 
index is constructed by multiplying the standardized values of each assessed character.

The selection of classic indices (CI), multiplicative indices (MI), and based on the 
mean of ranks (MR) or Mulamba and Mock, constructed using REML/BLUP methodology, 
was summarized as follows:

( ) ( )( ) ( ) ( )( ) ( ) ( )( )
( ) ( ) ( )
( ) ( ) ( )

CI  pvar1   GVvar1   pvar2   GVvar2   pvar3   GVvar3

MI  GVvar1   GVvar2   GVvar3

MR  rGVvar1   rGVvar2   rGVvar3

= × + × + ×

= × ×

= + +

where p is the economic weight established for the character, GV is the predicted genotypic 
value, and r is the genotype rank.

These indices are obtained as linear combinations of measures of several traits; being 
able to be efficient since they allow the assessment of all available information, attribute 
different weights to the studied traits, and attribute values judged of greater importance by the 
researcher (Resende, 2007b; Viana and Resende, 2014).

RESULTS AND DISCUSSION

Genetic gains predicted by indices using RELM/BLUP in elephant grass full-sib 
families assessed in two cuts for dry matter production, the number of tillers, plant height, 
stem diameter, and neutral detergent fiber are shown in Table 1.

Family 3 was the best ranked by the three indices in both cuts when considering the 
eight families assessed, showing the highest gains in percentage by Mulamba and Mock index, 
with 60.71% for cut 1 and 181.25% for the second cut. This indicates that this family increases 
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the chance of success in elephant grass breeding programs for biomass production since they 
presented higher gains in the three indices and predictability in both cuts.

Table 1. Ranked and prediction of genetic gains of eight full-sib families of elephant grass using the classical 
index (CI), the multiplicative index (MI), and the Mulamba and Mock index (MM) by RELM/BLUP in both cuts.

First cut  
CI MI MM 

Rank Family Gain Gain (%) Family Gain (%) Family Gain Gain (%) 
1 3 175.93 0.25 3 47.76 3 2.80 60.71 
2 1 175.72 0.13 8 28.62 8 3.40 32.35 
3 5 175.64 0.09 1 22.18 1 3.73 20.54 
4 8 175.61 0.07 2 18.41 2 3.90 15.38 
5 7 175.58 0.05 5 12.93 5 4.00 12.50 
6 2 175.56 0.04 4 8.52 7 4.10 9.76 
7 6 175.53 0.02 6 4.09 4 4.29 5.00 
8 4 175.49 0 7 0 6 4.50 0 
Second cut  

CI MI MM 
Rank Family Gain Gain (%) Family Gain (%) Family Gain Gain (%) 
1 3 16.50 4.37 3 72.80 3 1.60 181.25 
2 5 16.23 2.64 2 39.58 5 2.70 66.67 
3 1 16.11 1.91 1 28.12 1 3.13 43.62 
4 7 16.02 1.33 5 18.49 2 3.45 30.43 
5 4 15.96 0.93 7 11.77 7 3.68 22.28 
6 2 15.92 0.65 4 7.10 4 3.90 15.38 
7 6 15.87 0.35 8 3.34 8 4.23 6.42 
8 8 15.81 0 6 0 6 4.50 0 

 

Family 1 was classified in second by the classic index in the first cut, with a gain 
of 0.13%, whereas, in the second cut, this family was classified in third by classic (1.91%), 
multiplicative (28.12%), and Mulamba and Mock (43.62%) indices. This allows inferring that 
the different ages influenced biomass production, being observed a higher percentage of gains 
at 8 months old after the first cut.

Family 6 presented the worst classification, with null gains by the multiplicative index 
in the first cut, and Mulamba and Mock in both cuts. Therefore, this family did not contribute 
to the indication of genotypes to be selected by the BLUP method. This method automatically 
eliminates families with negative genotype effect, i.e., those families with genotype effect 
lower than the general experiment mean. This is reasonable when the probability considered 
is too low to obtain a superior individual in these families.

Regarding percentage gains, the indices were able to provide considerable gains, 
highlighting an excellent selective potential among families for all traits assessed. Carias et al. 
(2016) and Pereira et al. (2014) assessed genetic gains predicted by different selection indices by 
the REML/BLUP methodology in a coffee breeding program and obtained satisfactory results.

Of the 120 progenies assessed, 18 had the best genetic gains through additive, 
multiplicative, and Mulamba and Mock indices by the REML/BLUP methodology in both 
cuts (Tables 2 and 3).

Progenies 40, 45, 46, and 49 had the first positions for the three indices assessed in the 
first cut. Individual 40 presented gains of 161.76% using the Mulamba and Mock index. This 
may indicate that index estimation using mixed models is an important strategy to identify 
progenies with high genotypic values, contributing to the advancement of breeding programs.

At 8 months old after the first cut, progenies 4 and 11 were selected for multiplicative 
and Mulamba and Mock indices, suggesting good selection possibilities for producing elephant 
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grass cultivars for biomass production. Pedrozo et al. (2009) compared the efficiency of three 
selection indices by the REML/BLUP methodology in sugarcane populations and concluded 
that multiplicative index presented the highest efficiency for selection in this culture.

Table 2. Ranked and prediction of genetic gains of the best 18 full-sib progenies of elephant grass using the 
classical index (CI), the multiplicative index (MI), and the Mulamba and Mock index (MM) by RELM/BLUP 
in the first cut.

 CI MI MM 
Rank Progeny Gain Gain (%) Progeny Gain (%) Progeny Gain Gain (%) 
1 40 15.02 4.43 40 32.86 46 17.00 161.76 
2 49 14.92 3.72 49 26.07 45 18.20 144.51 
3 46 14.87 3.36 78 23.42 66 18.80 136.70 
4 45 14.84 3.15 45 21.92 73 19.35 129.97 
5 78 14.82 3.01 46 20.99 49 19.72 125.66 
6 72 14.79 2.83 72 20.06 40 20.53 116.72 
7 83 14.77 2.68 77 19.26 62 21.29 109.06 
8 77 14.75 2.56 83 18.42 52 21.88 103.43 
9 23 14.74 2.45 7 17.60 48 22.36 99.06 
10 7 14.73 2.36 4 16.63 83 22.74 95.69 
11 28 14.71 2.26 28 15.78 7 23.15 92.26 
12 58 14.70 2.15 79 15.03 63 23.70 87.76 
13 47 14.68 2.07 47 14.35 72 24.18 84.00 
14 66 14.67 1.99 23 13.72 2 24.66 80.48 
15 79 14.66 1.92 66 13.18 78 25.08 77.43 
16 63 14.65 1.86 48 12.67 19 25.49 74.60 
17 62 14.65 1.81 73 12.19 55 25.87 72.01 
18 2 14.64 1.76 52 11.76 4 26.26 69.49 

 

Table 3. Ranked and prediction of genetic gains of the best 18 full-sib progenies of elephant grass using the 
classical index (CI), the multiplicative index (MI), and the Mulamba and Mock index (MM) by RELM/BLUP 
in the second cut.

 CI MI MM 
Rank Progeny Gain Gain (%) Progeny Gain (%) Progeny Gain Gain (%) 
1 4 27.11 1.92 4 28.20 4 10.00 343.00 
2 11 27.05 1.69 6 26.98 11 12.00 269.17 
3 75 27.03 1.61 15 23.58 49 12.87 244.30 
4 79 27.01 1.56 40 21.76 75 13.85 219.86 
5 6 27.00 1.52 49 20.54 79 14.64 202.60 
6 49 27.00 1.49 7 19.71 84 15.43 187.04 
7 84 26.99 1.46 75 19.07 77 16.20 173.46 
8 47 26.97 1.41 79 18.59 45 17.00 160.59 
9 45 26.96 1.38 11 18.10 69 17.67 150.75 
10 14 26.96 1.35 45 17.62 47 18.32 141.81 
11 69 26.95 1.31 14 17.22 71 18.89 134.50 
12 77 26.94 1.29 47 16.82 6 19.43 127.96 
13 71 26.93 1.26 71 16.46 14 19.91 122.53 
14 67 26.93 1.24 83 16.14 46 20.37 117.46 
15 15 26.92 1.22 46 15.82 7 20.95 111.49 
16 7 26.92 1.20 73 15.53 53 21.53 105.81 
17 46 26.91 1.18 72 15.19 62 22.05 100.93 
18 40 26.91 1.15 84 14.87 83 22.54 96.50 

 

Indices have different principles to promote selection and to obtain clear gains (Viana 
and Resende, 2014). In this study, considering all estimations, the Mulamba and Mock index 
provided greater gains in both cuts, showing the superiority of this method for most progenies, 
being possible to conclude that this method is interesting for obtaining the classification of 
progenies.
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Amaral Júnior et al. (2010) observed better results using the Mulamba and Mock 
index in populations of popcorn maize when compared to the classic index. Freitas Júnior et al. 
(2009) also reported the superiority of this index when compared to other in the simultaneous 
selection for traits assessed in popcorn maize. Teixeira et al. (2012) sought to determine the 
most appropriate selective strategy for açaí fruit production and concluded that the Mulamba 
and Mock index was the most efficient to estimate gains in açaí palm.

CONCLUSIONS

The use of selection indices by mixed models is advantageous in elephant grass 
since they provide high selection gains, distributed among all the assessed traits, the most 
appropriate situation to breeding programs.

The Mulamba and Mock index provided greater gains, showing the superiority of this 
method for most families and progenies in elephant grass.

Families 3 and 1 and progenies 40, 46, and 49 (first cut), and 4 (second cut) were the 
best classified, being the most indicated for selection effect in elephant grass.
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