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Abstract: We aimed to estimate genetic parameters and select sorghum lines 
for forage purposes based on agronomic and chemical traits. A total of 100 in-
bred lines, comprising the biomass/bmr, biomass, dual purpose (sweet/forage), 
and forage types, were evaluated in the 2020/2021 and 2021/2022 crop years. 
We analyzed the data using a linear mixed model approach. Genetic variance, 
line mean-based heritability, selection accuracy, genetic correlation between 
traits and crops and the coefficient of experimental variation were estimated. 
The breeding values of the lines were predicted, and the factor analysis and 
genotype-ideotype distance index based on BLUP (FAI-BLUP) were applied for 
multi-trait selection. Biomass production and cell wall composition traits were 
measured. There was genetic variation among the lines, with moderate to 
high heritability. The lines selected by the FAI-BLUP index resulted in significant 
genetic gains expected with selection for all traits.
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INTRODUCTION

Brazil has the largest commercial cattle herd in the world, with approximately 
190 million head, and is the leader in meat exports (ABIEC 2021). This scenario 
results in a significant demand for forage to supply the meat production chain 
throughout the year, as well as the need to store forage. Currently, corn (Zea 
mays L.) is a crop widely used in silage production. However, alternative crops 
adapted to different environmental conditions are needed (Rossi et al. 2015).

Compared with corn, forage sorghum (Sorghum bicolor (L.) Moench) has 
favorable agronomic and chemical traits for adequate ensiling, such as high 
fresh and dry mass yields and a high concentration of soluble carbohydrates that 
confer adequate fermentation quality and result in silage with high nutritional 
value, yielding high animal production gains (Rosa et al. 2022). Additionally, 
sorghum has well-defined phytotechnical management practices, such as fully 
mechanized cultivation, seed planting and high resistance to major pests and 
diseases and has adapted to different regions and climatic conditions (Oliveira 
et al. 2019, Rosa et al. 2022).

The use of sorghum to increase the forage supply depends on certain factors, 
including the development of cultivars by breeding programs. During the 
breeding process, it is important to determine the potential of the genotypes 
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that could be used as parents or even released on the market (Gomes et al. 2020). Furthermore, it is especially important 
to estimate the genetic parameters that guide breeders’ decisions regarding the main target traits of breeding, such as 
heritability, correlation, and selection accuracy (Resende and Alves 2020).

The target traits of sorghum breeding for forage purposes are related to biomass production and forage quality 
(Cunha and Lima 2010, Von Pinho et al. 2022). The selection of genotypes based on these multiple agronomic (e.g., 
biomass production) and chemical (e.g., cell wall components, such as cellulose, hemicellulose and lignin contents) traits 
should account for the existing correlations. This allows for the prediction of the impact and applicability of indirect 
selection, as well as possible challenging aspects of the process of selecting superior genotypes based on multiple traits 
(Ramalho et al. 2012).

The selection index is a strategy often employed in the simultaneous selection of traits. Several selection indices have 
been used in sorghum breeding (Oliveira et al. 2019, Botelho et al. 2021). The factor analysis and genotype-ideotype 
distance index based on BLUP (FAI-BLUP) has several advantages, such as considering the interrelationship of traits, 
addressing multicollinearity, and delimiting selection based on ideotypes (Rocha et al. 2017). Thus, we aimed to estimate 
genetic parameters and select sorghum lines for forage purposes based on multiple agronomic and chemical traits.

MATERIAL AND METHODS

Experimental sites
The experiments were conducted in 2020/2021 and 2021/2022 crop years at the Embrapa Maize and Sorghum 

experimental area (lat 19° 27’ 57’’ S, long 44° 14 ‘ 49’’ W, alt 767 m asl) in Sete Lagoas, Minas Gerais State, Brazil. The 
mean annual temperature is approximately 23 °C, and the mean annual rainfall is 1,400 mm. The climate is classified 
as highland tropical (Cwa) on the Köppen scale. The soil type is Red Oxisol.

Daily climatic data, including precipitation and minimum, average and maximum temperature, during the experimental 
period (from sowing to harvest) in both crop years were obtained from the INMET meteorological station and are 
presented in Figure 1.

Lines evaluated
A total of 100 sorghum lines of different types were evaluated: 12 biomass/bmr (brown-midrib) type lines (coded 

from 1 to 12), 40 biomass type lines (coded from 13 to 52), 1 sweet/forage dual purpose type line (coded 63), and the 
remaining 47 forage type lines. These lines are potential parents for obtaining hybrids or cultivars for forage purposes 
in the sorghum breeding program at Embrapa Maize and Sorghum.

Planning and management of experiments
The experiments were conducted in an area under no-tillage. At presowing, the area preparation consisted of 

desiccating the weeds with the 2-4-D NORTOX® and Round Up® herbicides and mowing. Furrowing, sowing, and 
planting fertilization were performed using a seeder. The experimental design was a 10 × 10 square lattice with three 
replicates. The plot consisted of two 5.0-m rows spaced 0.70 m apart. A total of 420 kg ha-1 of 8:28:16 formulated NPK 
fertilizer was applied. Twenty days after plant emergence, manual thinning was performed to adjust the initial ideal 
population to 140,000 plants ha-1, with 10 plants per linear meter. Topdressing fertilization with 250 kg ha-1 urea was 
applied 30 days after sowing. Weeds were controlled by applying an Atrazine®-based herbicide at a dose of 3.0 kg ha-1 
of the active ingredient.

In 2020/2021 crop year, the experiment was sown on December 9, 2020, and harvested on April 23, 2021, while 
in 2021/2022, it was sown on December 10, 2021, and harvested on April 7, 2022. In both crop years the harvest was 
carried out using a Wintersteiger Cibus S® harvester, which grinds, weighs and homogenizes all the plants in each plot.

Agronomic and chemical trait measurements
The following agronomic traits were measured in both crop years: fresh mass yield (FMY, t ha-1) – the plants in each 

plot were harvested, crushed, and weighed using a mechanical harvester; dry mass percentage (DM, %) – a sample of 
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approximately 500 g of ground forage was taken, and the initial mass (IM) was recorded. This sample was predried in 
a forced ventilation oven at 65°C for 72 hours and kept at room temperature for two hours, after which the final mass 

of the oven-dried sample (FM) was recorded. DM was calculated by the following expression: DM = [ (IM – FM)
IM ] × 100 . 

The dry mass yield (DMY, t ha -1) was estimated according to the expression DMY = FMY × DM
100

.

The chemical traits were measured in both crop years at the Laboratory of Chemical Analysis of Plants of Embrapa 
Maize and Sorghum using near infrared spectrometry (NIR) equipment (Guimaraes et al. 2014). The following chemical 
traits related to cell wall composition (expressed as percentages) were measured: neutral detergent fiber (NDF), acid 
detergent fiber (ADF), cellulose (CEL), hemicellulose (HMC) and lignin (LIG).

Statistical analyses
We analyzed the data using a linear mixed model approach (Henderson 1984). The variance components were 

estimated by the residual maximum likelihood method, and significance was assessed by the likelihood ratio test at 5% 
probability. BLUE (best linear unbiased estimator) estimates of the fixed effects and BLUP (best linear unbiased predictor) 
predictions of the random effects were also obtained.

Analyses were performed individually per crop year using the lme4 R package (Bates et al. 2015) in R software (R 
Core Team 2022) according to the following statistical model: y = 1μ + Xrβr + Zbub + Zgug + e, where y is the n×1 vector of 
phenotypic data for each crop year; μ is the intercept; βr is the r×1 vector of the fixed effects of replicates; and ub is the 
b×1 vector of the random effects of blocks within the replicates, with ub ~N(0, Ibσ

2
b). Ib is an identity matrix of order b, σ2

b 
is the variance component of the blocks within replicates, and ug is the g×1 vector of the random effects of lines, with ug 
~N(0, Igσ

2
g). Ig is an identity matrix of order g, where g is the number of lines, σ2

g  is the variance component of the lines, 
and e is the n×1 vector of errors, with e ~N(0, Inσ

2
e). Im is an identity matrix of order n, σ2

e is the variance component of 
the errors, 1 is the n×1 vector of 1’s, Xr is the n×r design matrix associated with βr, Zb is the n×b design matrix associated 
with ub, and Zg is the n×g design matrix associated with ug.

The joint analysis of the crop years was performed using the Sommer R package (Covarrubias-Pazaran 2016, 2018) 
according to the following statistical model: y = 1μ + Xsβs + Xrβr + Zbub + Zgug + e, where y is the N×1 vector of phenotypic 
data across crop years; μ is the intercept; βs is the s×1 vector of fixed crop year effects; βr is the r×1 vector of the fixed 
effects of replicates within crop years; and ub is the b×1 vector of the random effects of blocks within the replicates in 
the crop years, with ub ~N(0, Ibσ

2
b). Ib is an identity matrix of order b,σ2

b is the variance component associated with the 
effect of blocks within replicates in the crop years, and ug is the g×1 vector of the random effects of lines within each 
crop year, with ug ~N(0, ∑s⊗Ig). ∑s is an unstructured variance‒covariance matrix among lines across crop years; Ig is an 
identity matrix of order g; ⊗ is the Kronecker product; and e is the N×1 vector of errors, with e ~N(0, De). De is a diagonal 
matrix expressing the heterogeneity of the error variances in the two crop years given by De = ⊕2

i=1 σ
2
ei 

, where ⊕ is the 
direct sum of the matrices and σ2

ei
 is the error variance in each crop year i. 1 is the N×1 vector of 1’s; Xs is the N×s design 

matrix associated with βs; Xr is the N×r design matrix associated with βr; Zb is the N×b design matrix associated with ub; 
and Zg is the N×g design matrix associated with ug.

From the individual and joint analyses, the following parameters were additionally estimated: selection accuracy 

on the line-mean basis (rg̃g) per crop year, based on an estimator (Henderson 1984): rg̃g =    1 − PEV
σ2̂

g
 , where PEV is the 

average of the prediction error variance associated with the BLUP of the line effect. The experimental coefficient of 
variation (CVe) per crop year was based on the following estimator (Pimentel-Gomes 2000): CVe = σ2̂

e

y
 , where y ̅ is the 

overall mean of the experiment in each crop year. The generalized heritability (h2
L) of Cullis et al. (2006) on a line-mean 

basis per crop year was obtained using the following estimator: h2
L = 1 − [ νBLUP

2×σ2̂
g

], where νBLUP is the average of the 

prediction error variance of the difference between the BLUPs of two lines. The genetic correlation between crop years 
(rB) was estimated by rB = σg12

  σ2
g1

×σ2
g2

 , where σ2
g1

, σ2
g2

 are the genetic variances of lines in crop year 1 (2020/2021) and 

crop year 2 (2021/2022), respectively, and σg12
 is the genetic covariance of lines between crop years 1 and 2. The genetic 
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correlations between traits t and t' (rg(t,t')
) were estimated from the crop year mean-based BLUP predictions of the lines, 

and their significances were verified using nonparametric bootstrapping with the boot package in R software (Cathy 
and Ripley 2019).

The noncrossover and crossover parts related to the variance of the line × crop year interaction were estimated (σ2̂
gc

) 
according to the following expression by Robertson (1959): σ̂2g1 

= 1
2

(σ2̂
g1 

− σ2̂
g2

)2 + (1 − rg)σ
2̂
g1

σ2̂
g2 

, where 1
2

(σ2̂
g1 

− σ2̂
g2

)2 is the 

noncrossover part of the line × crop year interaction and (1 − rg)σ
2̂
g1

σ2̂
g2

 is the crossover part.

From the BLUP predictions of the lines on the crop year-mean basis for all the measured traits, principal component 
analysis was performed using the prcomp function of the R package (R Core Team 2022). Additionally, a biplot was 
generated using the factoextra R package (Kassambara and Mundt 2017). The selection of the 15% best lines for forage 
purposes based on multiple agronomic and chemical traits was performed using the factor analysis and genotype-
ideotype distance index based on BLUP (FAI-BLUP), as proposed by Rocha et al. (2017). This index-based approach was 
computed from the BLUPs of the lines on a crop year-mean basis using the metan R package (Olivoto and Lúcio 2020). 
The favorable ideotype was defined as that with increasing FMY, DM, and DMY and decreasing NDF, ADF, CEL, HMC and 
LIG. In contrast, the unfavorable ideotype was defined in the opposite direction, that is, as decreasing FMY, DM, and 
DMY and increasing the levels of the cell wall components NDF, ADF, CEL, HMC, and LIG.

The expected genetic gain with selection by the FAI-BLUP index, GS(%), was estimated based on the BLUPs of the 
top 15% of the selected lines by the following expression:

GS(%) = B͞L ͞U͞Ps ͞t
y ͞

t

 × 100, in which B͞LU͞͞P͞st  is the mean of the BLUPs of the lines selected by the FAI-BLUP index according 

to the 15% selection fraction for trait t; y ̅
t is the general mean of trait t.

RESULTS AND DISCUSSION
The traits related to biomass quality had lower CVe than biomass yield traits (Table 1). This is due to the greater 

influence of environmental factors on the expression of yield traits. The values of rg ̂g were very high for all traits in both 
crop years (≥ 0.9), except for HMC in the 2021/2022 crop year (0.74). The values of rg ̂g indicated a favorable scenario 
for selection (Resende and Duarte 2007), as the genetic variances were significant (Table 1) and corroborated those 
reported by Oliveira et al. (2019).

The genetic variances (σ2
g) were significant (P<0.05) for all traits in both crop years (Table 1). The existence of genetic 

variation has also been reported in the evaluation of genotypes of different sorghum types, such as forage sorghum (Cunha 
and Lima 2010), sweet sorghum (Botelho et al. 2021, Pereira et al. 2022) and biomass sorghum (Oliveira et al. 2019).

The reliability of selection is directly related to heritability. In the 2020/2021 crop year, the heritability on a line-mean 
basis (h2

g) ranged between 81% (CEL) and 91% (DM), while in the 2021/2022 crop year, it ranged between 55% (HMC) 
and 96% (FMY) (Table 1). For HMC, h2

g significantly varied from the 2020/2021 crop year (83%) to the 2021/2022 crop 
year (55%), which may have been caused by the line × crop year interaction.

The crop year effect was significant for all traits except NDF (Table 1). In general, the climatic variables air temperature 
and precipitation presented similar variation patterns in both crop years when we considered the sorghum crop development 
stages (Figure 1). The greater means of the FMY, DM, DMY, ADF, LIG and CEL traits in the 2020/2021 crop year than in 
the 2021/2022 crop year may be more strongly associated with harvest time, as the 2020/2021 harvest was performed 
later (135 days) than the 2021/2022 harvest (117 days). Some of the tested lines are sensitive to photoperiod, especially 
those of the biomass type, and therefore, when performing the late harvest, they had greater biomass accumulation due 
to the longer vegetative period. In contrast, the tested photoperiod-insensitive lines had greater dry matter contents 
due to the early senescence process and moisture reduction.

There was a predominance of the noncrossover type of the line × crop year interaction for the FMY, DM and DMY 
traits (Table 1). The genetic correlation between the crop years (rB) was close to 1.0 for these traits, indicating that there 
was no significant change in the ranking of the lines across crop years. However, for NDF, ADF, CEL, HMC and LIG, the 
percentage of the crossover type exceeded 78%, suggesting a significant change in the ranking of the lines across crop 
years (Table 1).
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The genotype × environment interaction is frequently reported in sorghum, such as in sweet sorghum (Pereira et al. 
2022) and biomass sorghum (Oliveira et al. 2020, Castro et al. 2022). Oliveira et al. (2020) evaluated biomass sorghum 
hybrids over five crop years (2013/2014 to 2017/2018) and observed nonnull and high genetic correlations of genotypes 
across crop years for DMY. According to these authors, 65% of the correlation values were above 0.6, indicating a 
predominance of the noncrossover type of the genotype × environment interaction.

For the selection of superior sorghum lines, breeders should account for agronomic traits related to biomass yield and 
chemical traits related to cell wall composition. Thus, an understanding of the correlation between traits is necessary, as 
it may impact gains from selection. According to the classification by Resende and Alves (2020), significant correlations 
can be considered high (r > 0.66), intermediate (0.34 < r < 0.66) and low (r < 0.34).

Table 1. Estimates of genetic and environmental parameters (parms) for the fresh mass yield (FMY, t ha-1), dry matter percentage 
(DM), dry matter yield (DMY, t ha-1), neutral detergent fiber (NDF, %), acid detergent fiber (ADF, %) cellulose (CEL, %), hemicellulose 
(HMC, %) and lignin (LIG, %) traits for the evaluation of sorghum lines in the 2020/2021 and 2021/2022 crop years

Parms FMY DM DMY NDF ADF CEL HMC LIG
2020/2021 Crop Year

σ2
g1

1098.44* 47.84* 86.74* 9.49* 4.67* 2.32* 1.20* 0.60*
σ2

e1
366.34 13.42 36.68 5.04 2.60 1.55 0.73 0.27

h2
g 
(%) 90 91 87 84 84 81 83 86

rg ̂g 0.94 0.95 0.93 0.91 0.91 0.89 0.90 0.92
Mean 77 32 23 67 42 36 25 6
CVe (%) 25 11 26 3 4 4 3 8
2021/20222 Crop Year

σ2
g2

672.95* 13.84* 43.09* 7.49* 9.31* 6.61* 0.64* 0.38*
σ2

e2
77.96 7.67 9.88 3.65 3.14 2.33 1.44 0.19

h2
g 
(%) 96 83 92 85 89 89 55 84

rg ̂g 0.97 0.91 0.96 0.92 0.94 0.94 0.74 0.91
Mean 71 28 20 67 34 30 32 5
CVe (%) 12 10 16 3 5 5 4 9
Joint

σ2
g1

1126.68* 47.56* 88.68* 9.34* 4.65* 2.35* 1.2* 0.59*
σg12

869.08* 22.77* 61.96* 6.73* 4.07* 2.01* 0.12 0.43*
σ2

g2
672.62* 13.84* 43.24* 7.67* 9.38* 6.6* 0.67* 0.39*

σ2
e1

358.75 13.48 35.95 5.04 2.61 1.58 0.72 0.28
σ2

e2
77.91 7.85 9.90 3.71 3.18 2.30 1.47 0.20

rB 1.00* 0.89* 1.00* 0.80* 0.62* 0.51* 0.14 0.90*
σ2

gc
2593 7.94 3.78 1.75 2.90 2.47 0.80 0.06

% noncrossover 100 64 100 3 14 22 5 20
% crossover 0 36 0 97 86 78 95 80
Mean (Minimum; Maximum)

Biomass 101
(98;103)

29.3 
(28.8;30.0)

29.4
(28.4;30.3)

67.9 
(67.5;68.3)

39.6
(39.3;39.9)

33.8 
(33.6;34.1)

28.5
(28.4;28.6)

5.8
(5.7;5.9)

Biomass/bmr 62 
(54;71)

28.6 
(27.0;29.9)

18.0 
(15.5;20.5)

66.2
(64.9;67.5)

37.4
(36.4;38.4)

32.5
(31.7;33.3)

28.8 
(28.5;29.2)

4.9
(4.6;5.1)

Forage 57 
(50;65)

31.0 
(29;32.9)

16.3 
(14.7;18.0)

66.23 
(65.3;67.2)

37.3 
(36.6;38.0)

31.8
(31.3;32.3)

28.8 
(25.6;29.0)

5.5
(5.3;5.8)

Sweet/Forage 66 29.1 18.9 64.5 35.7 30.4 28.7 5.3
GS 15 -4 1 -5 -4 -3 -1 -1
GS (%) 20 -14 5 -7 -11 -9 -3 -20

 * Significant at 5% probability according to the likelihood ratio test; σ2
g1

, σ2
g2

: genetic variance of lines in crop years 1 (2020/2021) and 2 (2021/2022); σ2
e1

, σ2
e2

: residual vari-
ance in crop years 1 (2020/2021) and 2 (2021/2022); σg12

: genetic covariance between crop years; σ2
gc

: variance of the line × crop year interaction; rB: genetic correlation 
between crop years; h2

g: generalized heritability of Cullis et al. (2006) on the line-mean basis per crop year; rg ̂g: selection accuracy; CVe: coefficient of experimental variation; 
% noncrossover: percentage of the noncrossover type of line × crop year interaction; % crossover: percentage of the crossover type of line × crop year interaction; GS: 
expected genetic gain with the selection of the 15% best lines.



6 Crop Breeding and Applied Biotechnology - 24(2): e48122429, 2024

JMM Figueiredo Júnior et al.

The genetic correlation between FMY and DMY was positive and of high magnitude (0.95). This result has also been 
reported in studies with forage sorghum (Cunha and Lima 2010) and biomass sorghum (Castro et al. 2015, Oliveira et al. 
2020). From a practical point of view, there is, therefore, the possibility of performing indirect selection for DMY based 
on the FMY, providing flexibility in the selection with savings of resources and time.

There was a negative intermediate correlation between FMY and DM (-0.52), indicating that, in general, with the 
increase in FMY, there was a reduction in DM. This result was expected because the harvest was not performed when 
the DM was within the ideal harvest range. Under these harvesting conditions, the lines insensitive to photoperiod had 
greater DM, while the lines sensitive to photoperiod had greater fresh biomass accumulation and lower DM.

Figure 1. Daily rainfall data and minimum, average and maximum temperatures during the growing period of the sorghum line evalu-
ation experiments in the 2020/2021 and 2021/2022 crop years.

Figure 2. Biplot of the principal component analysis for the fresh mass yield (FMY, t ha-1), dry matter percentage (DM), dry matter 
yield (DMY, t ha-1), neutral detergent fiber (NDF, %), acid detergent fiber (ADF, %) cellulose (CEL, %), hemicellulose (HMC, %) and lignin 
(LIG, %) traits for the evaluation of sorghum lines in the 2020/2021 and 2021/2022 crop years.
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Regarding FMY and the chemical traits related to the cell wall composition, a negative and significant correlation was 
observed, classified as intermediate for HMC (-0.66) and low for LIG (-0.30) and NDF (-0.27), and for ADF and CEL, there 
was no correlation. These results show, in principle, that HMC was most negatively associated with FMY, i.e., that the 
proportion of HMC decreased with increasing FMY. In general, the cell wall constituents are little affected by the fresh 
mass yield. Rosa et al. (2022) and Rossi et al. (2015) noted that the NDF and ADF levels in forage sorghum stabilize or 
may decrease starting at the milky grain stage and are dependent on the amount of grains in the total weight and the 
leaf/stem ratio. The patterns of correlations between DMY and the other traits were similar to those observed for FMY.

The correlations between DM and chemical traits were generally positive and intermediate. The correlations between 
the cell wall components were positive and of intermediate to high magnitudes. NDF, ADF and CEL presented correlations 
above 0.9. The lignin content also showed high correlations (above 0.65) with the other components of the cell wall. 
High fibrous plant fractions are undesirable because they are negatively correlated with dry matter digestibility (Rossi 
et al. 2015, Magalhães et al. 2010). Furthermore, according to Paziani et al. (2019), when the proportion of grains in 
the total dry mass increases, the NDF and ADF contents are diluted, increasing the dry matter digestibility due to the 
greater participation of starch. Importantly, lines with high FMY and DMY tend to have a lower total mass/panicle ratio, 
interfering with dry matter digestibility in ruminants. In this sense, it is important to select lines with high levels of FMY 
and DMY and that have high grain participation, which can indirectly be selected for lower NDF and ADF values.

The first two axes of the principal component analysis based on the average BLUPs of the lines explained 86.8% of the 
variation in all the agronomic and chemical traits measured (Figure 2). The line by trait biplot confirms the correlations 
between the traits based on the cosines of the angles formed between the vectors, in which lower magnitude acute 
angles depict positive and high correlations, while angles close to 90° depict independent traits, and obtuse angles depict 

Figure 3. Radar charts of the performance of the top 15% of the selected lines according to the FAI-BLUP index for the fresh mass 
yield (FMY, t ha-1), dry matter percentage (DM), dry matter yield (DMY, t ha-1), neutral detergent fiber (NDF, %), acid detergent fiber 
(ADF, %) cellulose (NEL, %), hemicellulose (HMC, %) and lignin (LIG, %) traits for the evaluation of sorghum lines in the 2020/2021 
and 2021/2022 crop years.
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negative and high correlations. In addition, Figure 2 shows the different profiles of the tested sorghum lines. Clusters 
were observed in the biplot, with an emphasis on the biomass sorghum lines that combined high FMY and DMY values 
and low DM and HMC levels, while the other biomass/bmr, forage and sweet/forage lines, in general, were characterized 
by high DM and HMC contents. Forage-type lines with a profile for high biomass production and low levels of cell wall 
components were also observed.

The FAI-BLUP index was used to select the 15% best lines. Lines with high biomass production and low levels of 
chemical traits were selected as the ideotype. According to the index, the lines selected in order were 54, 57, 56, 58, 
53, 61, 4, 5, 55, 74, 60, 62, 10, 13 and 9, with line 13 being the biomass type; lines 4, 5, 9 and 10 being the biomass/bmr 
type; and the others being the forage type (Figure 3). Line 13 of the biomass type was characterized by high dry biomass 
production and cell wall component levels above the average of the selected lines. The biomass/bmr lines presented 
distinct profiles, with line 5 having a similar profile to that of the biomass line, while lines 4, 9 and 10 presented FMY 
and DMY values below average. Notably, lines 9 and 10 presented above average DM, NDF, ADF, CEL and HMC levels. 
Among the forage lines, 54, 56, 57 and 58 exhibited high FMY and DMY values and below average DM and cell wall 
component contents.

The expected genetic gains resulting from the selection of the 15% best lines were in the order of 20% for FMY, 5% 
for DMY and -14% for DM. The estimates of genetic gains for the cell wall components were negative, ranging from 3% 
(HMC) to 20% (LIG) (Table 1). Thus, targeting the desired ideotype resulted in positive effects on the agronomic traits of 
biomass yield and a reduction in DM and cell wall components. These results corroborate the advantages reported by 
Rocha et al. (2017) regarding the FAI-BLUP index, which include enabling selection for multiple traits based on ideotypes, 
mitigating the influence of multicollinearity, and leading to gains in the desired directions for all traits.
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