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Seleção de genótipos de algodoeiro sob estresse hídrico
para produtividade e qualidade de fibra

Itallo H. R. A. Gomes2* , José J. V. Cavalcanti2 , Francisco J. C. Farias2 ,
Francisco J. R. da Paixão3 , João L. da Silva Filho2  & Nelson D. Suassuna2

ABSTRACT: The objective of this work was to select a cotton line tolerant to water stress, based on yield and fiber 
quality characteristics. A total of nine cotton genotypes were evaluated (six breeding lines and three commercial 
cultivars) in two field experiments conducted in Quixeramobim - CE without water supplementation in 2018 and 
2019, respectively. Traits related to cotton lint yield and intrinsic fiber quality were measured. Data were submitted 
to individual and joint analysis of variance, and selection by the selection index. The genetic variability among the 
materials demonstrates the possibility of significant gains in the cotton selection process. The genotypes CNPA 
2013 - 2235 RF FL, CNPA 2013 - 2064 RF FL and CNPA 2012 - 160 RF FL, as well as the cultivar FM 944 GL, had 
higher production and better fiber quality under rainfed conditions.

Key words: Gossypium hirsutum L., semi-arid, genetic improvement

RESUMO: O objetivo deste estudo foi selecionar linhagens de algodoeiro tolerantes ao estresse hídrico, com base em 
caracteres de produtividade e qualidade de fibra. O experimento foi conduzido em dois experimentos de campo em 
Quixeramobim - CE sem suplementação hídrica, nos anos: 2018 e 2019. Foram avaliados nove genótipos de algodoeiro, 
sendo seis linhagens e três cultivares comerciais. Foram mensuradas variáveis relacionadas com produtividade de 
algodão em pluma e qualidade intrínseca de fibra. Os dados foram submetidos à análise de variância individual 
e conjunta, e a seleção pelo índice de seleção. A variabilidade genética encontrada entre os materiais demonstra a 
possibilidade de ganhos significativos no processo de seleção do algodoeiro. Os genótipos CNPA 2013 - 2235 RF 
FL, CNPA 2013 - 2064 RF FL e CNPA 2012 - 160 RF FL e a cultivar FM 944 GL tiveram maior produção e melhor 
qualidade de fibra em condições de sequeiro.

Palavras-chave: Gossypium hirsutum L., semiárido, melhoramento genético

HIGHLIGHTS:
The environment used is quite significant for the stress conditions.
The ratio CVg/CVe was higher than 1, indicating the possibility of gains in the genetic selection process.
All genotypes tested showed cottonseed yield higher than 2.000 kg ha-1.
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Introduction

Cotton (Gossypium hirsutum L.) is the most important 
natural fiber crop in the world and a source of oil and food 
products (ABRAPA, 2018). Cotton-growing areas have been 
re-established in the semi-arid region (Caatinga biome) of 
Northeast Brazil, based on the use of modern technologies 
and high-quality fiber cultivars. However, in the northeastern 
semi-arid region, the rainy season is not very predictable, with 
frequent dry periods.

Several studies have shown that prolonged water deficit 
in cotton crops affects growth, productivity and fiber quality 
(Carvalho et al., 2019; Vasconcelos et al., 2018; Zonta et al., 
2015a; Zonta et al., 2015b).

The selection of lines that best adapt to the conditions of 
the semi-arid region of the Brazilian northeast is fundamental 
to subsidizing the cotton productivity of the region, with 
conditions of competitiveness in relation to other cotton-
producing regions, and also essential for regional development 
and job creation (Silva et al., 2020). Therefore, improving 
cotton for the semi-arid region can substantially contribute to 
offering producers more stable genotypes that are more adapted 
to the regional rainfall pattern (Vasconcelos et al., 2018).

Cotton can resist water stress during the pre-quad period. 
During this initial period of vegetative growth, the roots 
expand rapidly while the leaf area expands slowly (Freire, 
2015). However, during flowering and fruiting periods, cotton 
is more sensitive, requiring 5 to 8 mm of water per day to 
achieve high yields and fiber quality (Freire, 2015). There is 
genetic variation in cotton for abiotic stresses such as water 
deficit, salinity, and high temperatures; in addition, some cotton 
cultivars are more tolerant to water deficit (Vasconcelos et al., 
2018). In Brazil, most cotton cultivars were developed with a 
focus on cultivation in the Brazilian semi-arid environment 
(Barroso et al., 2017; Suassuna et al., 2020).

The objective of this work was to select cotton lines tolerant 
to water stress, based on the characteristics of yield and fiber 
quality.

Material and Methods

The experiment was conducted in the experimental field of the 
CENTEC (Institute of the Center for Educational Technology) in 
Quixeramobim, CE (5° 10’ 28.97” S, 39° 17’ 13.56” O, and 191 m 
of altitude), in April to September, in 2018 and 2019. During the 
period of conducting the experiment, the total amount of rain 
was 174.4 mm in 2018 and 279.0 mm in 2019 (FUNCEME, 2019). 
The minimum average amount of water during cotton planting 
is around 300 mm, and this medium is considered adequate for 
obtaining a reasonable fiber yield (Carvalho et al., 2019).

With an average annual temperature of 27.3°C, this 
region is classified as ‘Tropical savanna climate with dry-
winter characteristics’ (Aw), following the Köppen climate 
classification. Aw climates have a pronounced dry season, 
with the driest month having less than 60 mm precipitation. 

The plant material used involved cotton breeding lines 
provided by EMBRAPA’s Cotton Breeding Program. All lines 
were previously selected based on agronomic and fiber traits. 

They were derived from an initial backcross-breeding program 
to incorporate the event MON 88913 using the conventional 
preliminary lines as recurrent parents, followed by the pedigree 
selection method. The initial biparental cross was performed 
involving the recurrent parents and the transgenic trait donor, 
Sure Grow 125R, followed by three backcrosses. From the 
BC3F2 generation, only homozygous plants for the Roundup 
Ready Flex® gene were advanced to progeny rows tests and 
subsequent advance as breeding lines. The event MON 88913 
(Roundup Ready Flex - RF) confers resistance to the herbicide 
Glyphosate in all stages of cotton plant development.

The experiments were carried out without additional water 
supply. Crop management was carried out following agronomic 
recommendations, and fertilization was based on technical 
recommendations for the crop (EMBRAPA, 2004). 

A total of nine transgenic genotypes (treatments) were 
tested, including six cotton lines and three commercial cotton 
cultivars used as controls. The commercial cultivars were 
BRS 368 RF, BRS 371 RF, FM 944 GL, and the lines used were 
CNPA 2012 - 120 RF, CNPA 2013 - 81 RF, CNPA 2013 - 535 
RF, CNPA 2012 - 160 RF FL, CNPA 2013 - 2064 RF FL and 
CNPA 2013 - 2235 RF FL.

The experimental design it was randomized blocks, 
with four replicates. The experimental plot consisted of two 
lines of 5 m and a spacing of 0.90 m. A population density 
of seven plants per meter was used, with a final stand of 70 
plants per plot.

Pest and weed management were carried out using chemical 
insecticides or herbicides in accordance with integrated pest 
management as recommended (Carvalho et al., 2019).

The harvest was carried out after 128 days and samples were 
collected in each plot (20 bolls) to be analyzed according to 
Vasconcelos et al. (2020). The following agronomic and fiber 
characteristics were measured: boll weight (g) - PC, cottonseed 
production (kg ha-1) - CY, fiber percentage (%) - LP, fiber 
production (kg ha-1) - LY, fiber length (mm) - UHM, uniformity 
index (%) - UNF, hardwood index (%) - SFI, fiber strength 
(gf tex-1) - STR, fiber elongation (%) - ELG, micronaire index 
- MIC and spinning consistency index - CSP. 

Statistical analyses were carried out using the software 
GENES version 6.1 (Cruz, 2012). For the analysis of variance 
(ANOVA), the effects of environment (years) and genotype 
were considered fixed. The means were grouped by the Scott-
Knott hierarchical clustering algorithm (Scott & Knott, 1974), 
at p ≤ 0.05. The data were submitted to individual analysis 
of variance and selection of genotypes through the selection 
index proposed by Mulamba & Mock (1978) and by the direct 
and indirect selection index, through the GENES software. 
Data were pooled as the hypothesis of equal variances was 
not rejected, and joint analysis was performed according to 
Cruz et al. (2012). 

( )ijk i j ijkij
kj
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 = µ + + + + + ε 
 

where: 
Yijk  - observation of the i-th genotype evaluated in the k-th 

block, and in the j-th environment;

(1)
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μ  - general average; 
(B/A) kj- effect of block k within environment j; 
Gi  - effect of genotype i;  
Aj  - effect of the environment j; 
(GA)ij - effect of the interaction between genotype i and 

environment j; and,
εijk  - experimental error associated with the Yijk 

observation.

In order to detect possible patterns of interaction 
Genotypes x Environments (G x E) and to facilitate a visual 
data inspection as well, graphic dispersions were performed 
for the traits CY, LP, LY, BW, UHM, UNF, SFI, STR, ELG, MIC, 
and CSP, considering as abscissa the values of the phenotypic 
performances of the genotypes in year 1 (2018) and as ordinate 
those observed in year 2 (2019). The graphics were created 
using R software, using the ‘ggplot2’ package. The position of 
each genotype in the quadrants on the scatter plot was then 
used as an interpretation criterion.

Results and Discussion

The water conditions during the experiment period were 
quite severe, considering the rainfed planting and that there 
was no water complementation during planting. The water 
precipitation during planting was 174.4 mm in 2018 and 279.0 
mm in 2019 (FUNCEME, 2019) far below the ideal for this 
crop (600 mm) and below the values found by Carvalho et al. 
(2019) and Vasconcelos et al. (2020).

Significant differences among genotypes (G) were found 
for all traits analyzed, demonstrating variability among the 
cotton genotypes used (Table 1). Environment (E) had no 
effect on LP, UHM, STR, MIC and CSP. On the other hand, G 
x E interaction did not show any significant effect, indicating 
that genotypes had similar responses to tested traits in the two 
years (2018 and 2019). 

The values of the coefficients of variation ranged from 1.04 
(UNF) to 26.33% (LY). Higher CV values for LY are expected 
due to the influence of environment on this trait, which was 
also verified in other works (Vasconcelos et al., 2018; Carvalho 
et al., 2019). 

Broad-sense heritability, that is the proportion of 
phenotypic variation due to genetic values, represents the 
safety of phenotypic values as estimates of genotypic values, 
in which higher heritability means the greater the genetic 
gain obtained in the selection process (Carvalho et al., 2015). 
However, this approach is only valid when the effects of the 
genotypes are taken as random, and are assumed to represent 
a reference population, allowing the breeder to produce and/
or simulate selection.

When genotype effects are assumed to be fixed, as in 
the present case, this fraction of the variance is called the 
genotypic determination coefficient (GDC). The GDC found 
was over 80% for most of the variables evaluated (Table 2), with 
the exception of CY and LY, showing that variation in yield 
and fiber quality must be of a genetic nature, which allows 
for a more effective selection for superior genotypes with a 
greater probability of success and selection gain, mainly as a 

QGC - quadratic genotypic component, GDC - genotypic determination coefficient; VR - residual variance; CVg - coefficient of genotypic variation; CY - cottonseed yield); 
LP - lint percentage; LY - lint yield; BW - boll weight; UHM - fiber length; UNF - uniformity index; SFI - short fiber index; STR - fiber strength; ELG - fiber elongation at break; 
MIC - micronaire index; CSP - spinning consistence index

Table 2. Estimates of genetic parameters of agronomic and fibers quality traits of cotton genotypes based on average of the two 
years used (2018 and 2019). Quixeramobim - CE

** and * - Significant at p ≤ 0.01 and 0.05 by the F test; CV - coefficient of variation; CY - cotton seed yield; LP - lint percentage; LY - lint yield; BW - boll weight; UHM - fiber length; 
UNF - uniformity index; SFI - short fiber index; STR - fiber strength; ELG - fiber elongation at break; MIC - micronaire index; CSP - spinning consistence index

Table 1. Summary of the combined ANOVA with mean square values of the agronomic traits and fiber quality of cotton 
genotypes, evaluated at Quixeramobim - CE (2018 and 2019)

about:blank#B12
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preliminary group of genitors for this region. However, the 
use of the GDC has direct implications for the interpretation 
of results, being restricted to this data set, since in this study 
a fixed model was used, although estimators and estimates are 
similar when compared to heritability. 

In the present study, either due to the limited number 
of evaluated genotypes, in which there is less saturation of 
the sample space of the variable considered, or due to the 
genotypes’ origin (some of which are of long fiber, others of 
medium fiber, for example), which would increase the estimate 
of the variability, the best alternative is to accept the genotype 
effects as fixed, restricting discussion to this studied set.

In a trial with 22 cotton genotypes conducted in a tropical 
environment, GDC values higher than 80% were found for 
most of the fiber traits, with a maximum value for UHM 
(92.90%) and STR (98.65%) (Bonifácio et al., 2015). 

In this work it was verified that the variability of the 
fiber traits was high, giving greater flexibility in the selection 
process, thus optimizing the genetic gain in the selection of 
new breeding lines. Through the genetic variation coefficient 
(CVg) there is a perception on the proportion of the gain 
in relation to the average, corroborated by the coefficient of 
relative variation (CVg/CVe), estimated at ≥ 1, which indicates 
the possibility of successful selection from the perspective of 
genetic gain (Vencovsky, 1987).

The ratio between the CVg and the coefficient of 
environmental variation (CVe) indicates the obtaining of 
higher genetic gains in the selection of a certain trait (Cruz et 
al., 2012). In this study, the ratios for CVg/CVe were ≥ 1, as 
they were for most of the traits, except for CY, LY, UNF, and 
the MIC, again indicating the possibility of higher gains in the 
selection process. 

Carvalho et al. (2019), evaluating the performance of the 
cotton in the semi-arid region underneath the supplementation 
of the water, found the values of the ratio CVg/CVe to be 
0.80 (CY), 1.07 (LP), and 2.07 (LY). Ribeiro et al. (2018) 
evaluated 36 cotton breeding lines in a semi-arid region using 
the supplementation of water and in a rainfed condition in a 
Brazilian semi-arid area, obtaining significant values of the 
ratio CVg/CVe of 0.73 (CY), 0.60 (LP), and 1.23 (BW). 

Given that the genotypes x environments (years) interaction 
was not significant, it was decided to perform the Scott-Knott 
cluster tests considering the means of the genotypes across 
the years (Table 3). 

All genotypes tested showed cottonseed yield higher than 
2.000 kg ha-1, and had an average mass of one open boll higher 
than 5.1 g, with adequate agronomic performance, considering 
the condition for rainfed planting.

In Brazil, the fiber quality pattern of cotton cultivars in use 
has an average fiber length (UHM) between 28 mm and 32 mm 
(Vidal Neto & Freire, 2013). Cotton lines CNPA 2013 - 2235 
RF LF, CNPA 2012 - 160 RF LF, and CNPA 2013 - 2064 RF FL, 
obtained the highest fiber length averages, at 32.29, 30.23 and 
30.16 mm, respectively, and the first line can be classified as 
long-fiber cotton (Vidal Neto & Freire, 2013). These results are 
similar to those found by Carvalho et al. (2019), with values 
ranging from 27.66 to 34.04 in semi-arid conditions with water 
supplementation.

Carvalho et al. (2017) evaluated the performance of 22 cotton 
lines in semi-arid conditions in terms of their oil content and 
the traits related to the quality and fiber yield in cotton lines and 
obtained average values of UHM varying between 28.0 and 30.0 
mm. Zonta et al. (2015a) assessed cotton lines under different 
irrigation levels, resulting in average UHM values between 27.9 
to 31.5 mm and higher than those found by Campbell et al. 
(2016), who discovered mean values of 28.79 mm in research 
estimating the genetic variation for agronomic and fiber quality 
characteristics, through diallel analysis, finding significant 
additive effects on strength, length and micronaire.

Fiber resistance (STR) of all cotton genotypes examined 
exceeded 30 gf tex-1 with the higher values for the lines CNPA 
2013 - 2235 RF FL (36.08) and CNPA 2012 - 160 RF FL 
(35.11). Carvalho et al. (2019) obtained values between 26.59 
and 34.95 (gf tex-1) when evaluating 18 cotton lines in a semi-
arid region with water supplementation, while Zonta et al. 
(2015b), assessing the performance of four lines in a semi-arid 
environment under supplementary irrigation with 40, 70, 100 
and 130% of the crop evapotranspiration, found STR values 
varying between 30.30 and 35.30 (gf tex-1).

The micronaire index averages ranged from 4.19 to 4.91. 
These values are above the values considered desirable, which 
are between 3.6 to 4.2 (Farias, 2015). However, the textile 
industry considers the fibers to be very thick when they have 
indexes greater than 5.0 and immature when they have values 
below 3.5, which for the textile industry causes defects in 
the threads and decreases the affinity with the use of paints 
during the finishing process (Lima et al., 2019; Vidal Neto & 
Freire, 2013). 

Control cultivars (T); the means followed by the same letter in the column did not differ statistically from each other by the Scott-Knott test at p ≤0.05. Y: CY - cottonseed yield; 
LP - lint percentage; LY - lint yield; BW - boll weight; UHM - fiber length; UNF - uniformity index; SFI - short fiber index; STR - fiber strength; ELG - fiber elongation at break; 
MIC - micronaire index; CSP - spinning consistence index 

Table 3. Overall mean of the productivity and fiber quality for cotton lines grown in based on average of the two years used 
(2018 and 2019). Quixeramobim - CE
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The lines CNPA 2013 - 2064 RF FL, CNPA 2013 - 81 RF 
and CNPA 2012 - 120 RF had higher micronaire values with 
averages of 4.63, 4.62 and 4.59 respectively. Cordão Sobrinho 
et al. (2015) obtained results above five and Zonta et al. (2015b) 
with average values of 4.88 for this character when submitted 
to the irrigation regime recommended for cotton.

Albrecht et al. (2018) obtained values between 4.2 and 
4.8, while Carvalho et al. (2019) obtained values between 
4.16 and 5.33 for the micronaire index in a study with water 
supplementation. These results demonstrate that the tested 
genotypes adapt better than the others and are more tolerant 
to environmental conditions with water stress. 

In general, the performance of the strains was quite 
satisfactory, since they were sowing under rained conditions, 
obtaining results similar to those of the controls that already 
have characteristics or affinity for semi-arid regions. From the 
results of the joint analysis (Table 1), the G x E interaction was 
not significant for all characteristics, indicating that selection 
in the average performance of the evaluated years is possible. 
The graphic dispersion of the genotypes for the traits CY, LY, 
LP and BW is shown in Figure 1. The dashed lines indicate the 
average values of the traits in each year. In this graph, the more 
profiled the points plotted on a 45° line (tg = 1), the greater the 
consistency of the behavior of the genotypes in the two years 

of evaluation, by analogy to the ‘father - son’ covariance, since 
the errors of the two years are independent.

Genotypes in the first quadrant performed above average in 
the two years of evaluation; those in the third quadrant below 
average; the genotypes in the second quadrant were above 
average in the first year and below in the second; finally, cotton 
genotypes in the fourth quadrant were below average in the first 
year and above average in the second. The genotypes g3 (FM 
944 GL) and g8 (CNPA 2013 - 2064 RF FL) performed above 
average, in the two years, for CY and LY (Figures 1A and B) 
and LP. On the other hand, genotypes g7 (CNPA 2012 - 160 RF 
FL) and g6 (CNPA 2013 - 535 RF) were allocated to the third 
quadrant, with the lowest averages of CY and LY in the two 
years. Other genotypes showed yield inconsistency across the 
years. The g1 (BRS 368 RF) and g2 (BRS 371 RF) genotypes 
were below average in the first year and above average in the 
second. Both genotypes are full-season cultivars adapted to 
Brazilian semi-arid conditions (Barroso et al., 2017) and the 
better performance in 2019 must be due the greater availability 
of water in that year.

Genotype g3 showed a high LP (Figure 1 D) and lower BW 
(Figure 1C). Similarly, g8 was allocated to the first quadrant for 
LP and the third quadrant for BW. Thus, the largest number 
of bolls per plant should be the production component that 

Figure 1. Dispersion of the genotypic values observed in 2018 and 2019 of the traits cottonseed yield (CY), lint yield (LY), lint 
percentage (LP) and boll weight (BW) of cotton genotypes, evaluated in Quixeramobim - CE
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should be contributing the most to the better performance of 
these genotypes in CY and LY. 

Genotypes allocated to the second and fourth quadrants 
had averages above and below the average from one year to 
the next; if far removed from the origin, they are inconsistent 
genotypes, with a marked environmental effect on the 
phenotype. The LP trait (Figure 1D) was very consistent across 
the years, with little interaction intensity between genotypes 
and environments for this trait. 

The graphic dispersion of the characteristics related to fiber 
quality for the two years is shown in Figure 2A for compliance 
(UHM), Figure 2B for strength (STR), Figure 2C for micronaire 
(MIC), Figure 2D for the reliability index (CSP), Figure 2E for fiber 
uniformity (UNF) and Figure 2F for elongation at break (ELG).

For UHM, STR, UNF, and CSP, a consistent group was formed 
with the genotypes g7 (CNPA 2012 - 160 RF FL), g8 (CNPA 2013 - 
2064 RF FL), and g9 (CNPA 2013 - 2235 RF FL). Cultivar FM 944 
GL (g3) is a commercial grow crops widely planted in Brazil due 
to its good fiber quality required by the textile industry. Compared 
with FM 944 GL, genotypes g7, g8 and g9 represent a genetic gain 
in terms of fiber quality produced in semi-arid conditions. 

The results obtained for the index of Mulamba & Mock 
(1978), and the grouping of the means of the genotypes with 
the estimates of the genotypic determination coefficient and 
the selection gains (GS %) for all the traits evaluated, are 
shown in Table 4. 

Positive selection gains in CY (2.96%), LY (3.19%), and BW 
(2.81%) were recorded. According to Carvalho et al. (1997), in 

Figure 2. Dispersion of the genotypic values observed in fiber quality data in 2018 and 2019: fiber length (UHM), fiber resistance 
of the fiber (STR), micronaire index (MIC), spinning consistence index (CSP), uniformity index (UNF), and fiber elongation 
(ELG) of cotton genotypes, evaluated in Quixeramobim - CE
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the selection of cotton genotypes, gains of more than 1% per 
year are very significant in environments with reduced water, 
as in the case of the semi-arid region of Brazil. 

Carvalho et al. (2019) obtained selection gains of 5.64% 
for CY and of 4.95% for BW in a study with cotton genotypes 
under controlled conditions in the field in a semi-arid region 
with under-watering. Ribeiro et al. (2018) reported values of 
selection gains of 5.02% for CY and of 6.02% for BW in a study 
of 36 genotypes in two different regions of Brazil. 

In terms of fiber quality traits, selection gains in UHM 
(2.26%), STR (2.71%), and CSP (4.69%) were observed, with 
an undesirable negative gain in ELG (-2.33%) and LP (-1.06%). 
Negative selection gains in cotton fiber traits also were detected 
in other studies. Carvalho et al. (2019) found negative gains 
for UHM (-0.37%) and ELG (-0.73%). Positive values of UHM 
(3.24%), CSP (0.49%), and ELG (6.28%) were reported by 
Ribeiro et al. (2018). Carvalho et al. (2017) obtained much 
lower values for UHM (0.26%), STR (1.87%) and CSP (1.3%) 
and negative values for ELG (-0.29%) in an irrigated field trial 
conducted in the northeastern semi-arid region.. 

Currently, the Brazilian cultivars with the highest fiber 
quality are BRS 336 and BRS 433 FL B2RF (Morello et al., 
2020), conventional and transgenic, respectively, with values 
of UHM over of 32.5 mm, resistance greater than 33.0 gf tex-1, 
and a micronaire index between 4 and 4.5.

Despite the negative values of selection gains obtained for 
SFI (-2.42%), and MIC (-1.43%), the values recorded for these 
two traits are suitable for the textile industry. The SFI and MIC 
values found result in a better performance of the fiber in yarn 
processing (Cordão Sobrinho et al., 2015; Santos et al., 2017). 
Negative selection gains results for MIC were obtained by 
Carvalho et al. (2019), -0.66%, Ribeiro et al. (2018), -7.48%, 
and Carvalho et al. (2017), -1.52%. 

Cotton genotypes with the best fiber quality also had 
the lowest fiber percentage and lower fiber yields, being less 
productive than medium fiber lines. However, high quality fiber 
cotton lines had lower SFI, favoring the yarn process (Cordão 
Sobrinho et al., 2015; Vasconcelos et al., 2020).

Cotton breeding programs aim to obtain cotton genotypes 
that combine high CY, LY, and BW with good fiber quality, with 

an emphasis on higher values of UHM, STR, UNIF, and ELG, 
and smaller values of SFI, and MIC values between 3.8 and 4.6. 

Conclusions

1. There is genetic variability from the perspective of genetic 
gain in breeding programs, according to the estimates of the 
genetic parameters.

2. The most promising lines are CNPA 2013 - 2235 RF LF, 
CNPA 2013 - 2064 RF LF and CNPA 2012 - 160 RF LF, which 
are indicated for use in breeding programs aimed at cultivating 
the semi-arid region of Brazil.
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