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ABSTRACT: Coffee cultivars that are better adapted and more productive can help reduce production costs and make coffee 
cultivation more profitable. The Mundo Novo cultivar has stood out as one of the most productive cultivars of Coffea arabica 
L. Therefore, the aim of this work was to select Mundo Novo progenies with high bean yield capacity and with other agronomic 
characteristics of interest. We evaluated the bean yield, seed size, plant height, upper and lower canopy diameter, stem diameter, 
and plant vigor of 24 F4 progenies and one check cultivar. The experimental design consisted of a randomized complete block 
design with three replicates and experiments were carried out in two sites: São Sebastião do Paraíso (SSP) and Três Pontas 
(TP), MG, Brazil. The mixed model approach was used to calculate the genotypic value for each progeny, after which the 
selective accuracy and genetic gain of the two best progenies in each trait were calculated, the simultaneous selection index 
of Mulamba and Mock was used to select the two most promising progenies at each site. In general, the genetic gain was 
higher at SSP than at TP. In SSP, the most promising progenies were 1 [IAC376-2 (M. Novo) x IAC386-17 (M. Novo)] and 20 
[IAC382-10 (M. Novo) x IAC388-20 (M. Novo)]. In TP, the most promising progeny was 22 [H1535/181 (M. Novo) x (S795) 
1344/10/5], together with the check (Mundo Novo IAC379/19). The highest selection gain was expressed for bean size (the 
percentage of beans retained in sieve 17).

Index terms: Coffea arabica, ranking, mixed model.

SELEÇÃO SIMULTÂNEA DE PROGÊNIES DE CAFEEIROS MUNDO NOVO
POR ÍNDICE DE SELEÇÃO

RESUMO: Cultivares de café mais adaptadas e produtivas podem auxiliar na redução dos custos de produção e tornar a 
cafeicultura mais rentável. A cultivar Mundo Novo tem se destacado como uma das cultivares mais produtivas de  Coffea 
arabica L. Diante disso, objetivou-se com este trabalho selecionar progênies de cafeeiro Mundo Novo com elevada capacidade 
produtiva e portadoras de outras características agronômicas de interesse. Foram conduzidos experimentos em blocos 
casualizados em São Sebastião do Paraíso e Três Pontas-MG para a avaliação de 24 progênies F4 e uma testemunha quanto às 
características de produtividade, peneira 17 e acima, altura, diâmetro de copa do terço inferior e do terço médio, diâmetro do 
caule e vigor de plantas. Foi utilizada a abordagem de modelos mistos para o cálculo do valor genotípico para cada progênie, 
posteriormente foi calculada a acurácia seletiva e o ganho genético da seleção das duas melhores plantas em cada característica. 
Para resumir, foi considerado um índice de seleção simultâneo de Mulamba e Mock para selecionar as duas progênies mais 
promissoras em cada local. De um modo geral, o ganho genético foi maior para São Sebastião do Paraíso quando comparado 
com Três Pontas. Em São Sebastião do Paraíso as progênies mais promissoras foram a 1 [IAC376-2 (M. Novo) x IAC386-
17 (M. Novo)] e 20 [IAC382-10 (M. Novo) x IAC388-20 (M.Novo)]. E em Três Pontas, foi a progênie 22 [H1535/181 (M. 
Novo) x (S795)1344/10/5], juntamente com a testemunha (Mundo Novo IAC379/19). O ganho de seleção foi expressivo, 
principalmente para a característica peneira 17 e acima.

Termos para indexação: Coffea arabica, ranqueamento, modelos mistos.

1 INTRODUCTION

The Mundo Novo cultivar was discovered 
by researchers of the Instituto Agronômico de 
Campinas (IAC) in the city of Mundo Novo 
(Aparecida Farm), now Urupês, in the region near 
Araraquara City, state of São Paulo, in mid-1943. 
The tillage was composed of plants from a Sumatra 
cultivar that showed phenotypical variations 
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but exceptional growth and productivity. The 
seeds for this crop came from another farm that 
originally collected the seeds from the city of Jaú. 
Researchers who visited the farm were provided 
with the seeds from Jaú that was subsequently 
cultivated at the Aparecida Farm to form a crop 
similar to that previously established. The owner 
reported that the seeds provided for the formation 
of this crop came from another crop in a property 
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Thus, the objective in this work was to 
select “Mundo Novo” coffee progenies with a 
high productive capacity and other agronomic 
characteristics of interest.

2 MATERIAL AND METHODS

The hybridizations were carried out between 
“Mundo Novo” and “Mundo Novo” progenies 
and between “Mundo Novo” and “Bourbon” 
progenies. Twenty-four progenies from the F4 
generation were obtained at Machado-MG.

Two experiments were carried out in a 
randomized complete block design, both with 
three replicates and 24 treatments with one 
common check (Mundo Novo IAC379/19). Each 
plot consisted of a line with eight plants spaced 
3.2 m × 0.8 m apart. Descriptions of the treatments 
with their respective crosses are shown in Table 1. 

The first experiment was established in 
January 2008 at São Sebastião do Paraíso-MG, on 
the Experimental Field of São Sebastião do Paraíso 
(EFSSP: 21°20′45.7′′ S and 45°28′45.7′′ W; 939 
m altitude), in Distroferic Red Latosol soil with 
clay texture and undulating relief. The average 
annual rainfall is 1470.4 mm and the average 
temperature is 20.8°C. The second experiment 
was established in March 2008 at Três Pontas-MG, 
on the Experimental Field of Três Pontas (EFTP 
20°54′72.8′′S and 47°07′33.2′′W, 890 m altitude) 
in a Distroferic Red Latosol soil with medium 
texture and undulating relief. The average annual 
rainfall is 1670 mm and the average temperature 
is 20.1°C.

Plant sowing and care were performed in 
accordance with the technical recommendations 
for the crop.

Evaluated traits

Yield: The harvests were performed 
manually in both sites during four crop years. The 
beans of each plot were weighed, and the yield 
in processed coffee as bags/hectare (sc ha-1) was 
determined (BARTHOLO et al., 1989). In 2015, 
the plants that were eight years old was evaluated 
by the following traits: Seed size (%S17), 
measured on 300 g samples of processed beans 
that were classified on a set of sieves specific for 
the classification of coffee based on size of the 
raw beans, which were classified into only two 
groups, i.e., those that passed through sieve 17 
and those above, representing the coarse flat type 
beans; Plant height, measured using a graduated 

at Mineiro do Tietê, whose plants would have 
been produced from seeds of a plant that had been 
grown on the edge of a dirt road at Santa Terra 
farm. From this plant, seeds were collected to 
form other crops in the region (CARVALHO et 
al., 1952).

After research efforts by the IAC, there are 
currently several cultivars of the “Mundo Novo” 
group available in the market. In the breeding 
programs, the “Mundo Novo” cultivar has been 
used mainly as a parent, with the purpose of 
exploring its high bean yield, vegetative vigor, 
and rusticity (PEREIRA et al., 2010). In addition 
to these characteristics, this cultivar has been 
considered important because of market demand 
and other traits such as quality, size, stability, 
adaptability, and others.

The breeding programs have developed 
varieties of coffee to increase productivity and 
other important agronomic traits and adapted to 
local climate and soil conditions (PETEK et al., 
2006). However, the cultivar responses differ 
in different environments because of genotype-
environment interactions (PINTO et al., 2012). 

The use of more refined genetic-statistical 
procedures, such as the mixed model approach, is a 
trend in plant breeding. These procedures provide 
additional parameters relevant to the identification 
of superior genotypes and to obtain more precise 
estimates (RAMALHO; ARAÚJO, 2011).

Selecting plants to improve several 
characteristics simultaneously, to obtain more 
advantageous cultivars than the preceding cultivar 
is a great challenge (RAMALHO et al., 2012), 
mainly for perennial crops (OLIVEIRA et al., 
2011, CORRÊA et al., 2017). An alternative is 
the use of selection indexes that have frequently 
been used for selection in various plant species 
(VIEIRA et al., 2017; SILVA et al., 2017; GHOSH 
et al., 2018). One of the simplest methods is that 
of Mulamba and Mock (1978), which consists of 
an ordering of the genotypes for each one of the 
traits in the order most favorable to improvement, 
and subsequently, the orders of each genotype 
referring to each trait are summed, resulting in an 
additional measurement taken as a selection index 
(CRUZ et al., 2014).

An important point to increasing the 
selection efficiency is the use of statistical methods 
that have the advantage of obtaining the most 
information about genotypes, resulting in accurate 
estimations or predictions of breeding values 
(PEREIRA et al., 2013; BERNARDO, 2010).
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rule, from the base to the apical meristem; Upper 
and lower canopy diameter, measured using 
a graduated rule considering the reach of the 
largest branch (cm) in a transverse direction to 
the planting line; Stem diameter, measured with 
a caliper 10 cm from the soil surface; Plant vigor, 
scored from 1 to 10 based on attributes of plants 
in the field, in which 10 corresponds to plants with 
the best development and greatest plant vigor. The 
scores were based on the general aspect of plant as 
suggested by Carvalho et al. (1979).

The analyses of all traits were conducted 
based on a mixed model with random effect for 
the progeny factor and fixed effect for the blocks, 
expressed in the following equation:

where y is the data vector; m is the vector 
representing the constant and blocks fixed effect; 
p is the vector representing the progenies effects, 
where;  e is the error vector, and;

                   X  and Z are the incidence matrices 
of the fixed and random effects, respectively. 
We used SAS (SAS Institute, 2009) with PROC 
MIXED procedure.

The E-BLUP (empirical best linear 
unbiased prediction) for the genotypic values of 
the progenies was carried out subsequently.

We estimated heritability associated with 
the individual means by the following expression:

where  is the variance of progenies;and  
 is the variance of error. The heritability 

associated with the plot mean was estimated by 
the following expression:

where   is the variance of progenies;  
is the variance of error; and j is the number 

of replicates. The square root of heritability 
provides the selective accuracy (SA) estimate.

For selection, the progenies were ranked 
in the order of favorability for each trait. Thus, 
the methodology of Mulamba and Mock (1978) 
detailed by Cruz et al. (2012) was used. In this 
methodology, after the ranking of each trait, the 

sum of the positions in the ranking is then carried 
out. The two progenies selected in each site were 
those that showed the lowest value in terms of the 
sum of the positions.

The genetic gain was quantified by 
comparing the general average of the population 
with the check in each trait. The method used was 
presented by Vencovsky (1992) by the following 
formula:

where ds is the selection differential 
(sd), which is the difference between the mean 
of the selected genotypes (Xs) and the general 
population mean (X0) or check (Xt);  and  is 
the herdability associated with the plot mean.

In practical terms, the percentage of 
selection gain was obtained as follows:

3 RESULTS AND DISCUSSION
Resende and Duarte (2007) has proposed a 

scale of accuracy, ordered in levels of experimental 
precision that are considered high at values higher 
than 70%, average at values between 40% and 
70%, and low at values between 10% and 40%. 
These parameters indicate whether the experiment 
has been carried out appropriately and the 
predicted genetic values are fairly accurate.

In EFSSP, the mean SA level of the progeny 
ranged from 31% to 92%. The values were 
considered low for plant height and average for 
plant vigor and yield, and for other traits, the SA 
values were classified as high. The SA values 
associated with the individual means ranged from 
40% to 64% and were considered low for plant 
vigor and height, high for lower canopy diameter, 
and low for other traits (Table 2).

In EFTP, the experiment generally provided 
good precision, with mean SA levels in the progeny 
ranging from 60% to 83%, close to the values 
found by Silva et al (2017) (74.89% to 91.28%) 
in conilon clones, suggesting reliable genetic 
progress in response to selection (Resende, 2007). 
The average accuracy values for productivity and 
for the other characteristics are high (Table 2).

In both sites, the SA values at the individual 
progeny level were lower than those at the mean 
progeny level for all traits, which shows that 
the selection will be much more efficient when 
considering all the progeny plants.
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TABLE 1 - Genealogy of F4 progenies of Coffea arabica evaluated in the Experimental Field of São Sebastião do 
Paraiso (EFSSP) and Experimental Field of Três Pontas (EFTP), MG.

ID Progeny Genealogy
1 H 6664 IAC 376-2 (M. Novo) x IAC386-17 (M. Novo)
2 H 6667 IAC 376-10 (M. Novo) x IAC 379-13 (M. Novo)
3 H 6669 IAC 376-10 (M. Novo) x IAC 382-10 (M. Novo)
4 H 6669 IAC 376-10 (M. Novo) x IAC 382-10 (M. Novo)
5 H 6683 IAC 382-14 (M. Novo) x IAC 382-12 (M. Novo)
6 H 6683 IAC 382-14 (M. Novo) x IAC 382-12 (M. Novo)
7 H 6683 IAC 382-14 (M. Novo) x IAC 382-12 (M. Novo)
8 H 6684 IAC 382-14 (M. Novo) x IAC 386-06 (M. Novo)
9 H 6672 IAC 379-13 (M. Novo) x IAC 379-19 (M. Novo)
10 H 6674 IAC 379-13 (M. Novo) x IAC 382-12 (M. Novo)
11 H 6684 IAC 382-14 (M. Novo) x IAC 386-06 (M. Novo)
12 H 6677 IAC 379-19 (M. Novo) x IAC 382-10 (M. Novo)
13 H 6682 IAC 382-12 (M. Novo) x IAC 386-6 (M. Novo)
14 H 6679 IAC 379-19 (M. Novo) x IAC 386-6 (M. Novo)
15 H 6680 IAC 382-10 (M. Novo) x IAC 382-12 (M. Novo)
16 H 6705 IAC 386-6 (M. Novo) x IAC 387-17 (M. Novo)
17 H 6698 IAC 386-5 (M. Novo) x IAC 387-15 (M. Novo)
18 H 6672 IAC 379-13 (M. Novo) x IAC 379-19 (M. Novo)
19 H 3223 IAC 379-19 (M. Novo) x [393-20-4(Bourbon) x 370(Bourbon)]5 (F1)]
20 H 2917 IAC 382-10 (M. Novo) x IAC 388-20 (M.Novo)
21 H 2931 IAC 388-20 (M. Novo) x IAC 382-14 (M.Novo)
22 H 1596 H 1535/181 (M. Novo) x (S795) 1344/10/5
23 H 6669 IAC 376-10 (M. Novo) x IAC 382-10 (M. Novo)
24 H 2917 IAC 382-10 (M. Novo) x IAC 388-20 (M. Novo)
25 Check       Mundo Novo IAC 379/19

ID: Identification of progeny

TABLE 2 - Selective accuracy at individual and progeny levels for São Sebastião do Paraíso and Três Pontas, MG.

Traits
São Sebastião do Paraíso Três Pontas

SAm SAi SAm       SAi

Yield           0.62  0.40 0.60 0.41
%S17           0.82 0.55 0.75 0.64
Height            0.31 0.52 0.73 0.18
Upper canopy diameter            0.92 0.64 0.83 0.81
Lower canopy diameter            0.72 0.54 0.75 0.51
Stem diameter            0.79 0.59 0.78 0.59
Vigor            0.40 0.57 0.77 0.25
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Experimental Field of São Sebastião do 
Paraíso

The rankings and genotypic values of each 
variable are presented in Table 3. 

The mean yield ranged from 22.4 sc ha-1 
(progeny 18) to 28 sc ha-1 (progeny 22). Because 
of drought and high temperatures (CONAB, 2014, 
2015), the mean yields of the experiments were 
low in 2014 and 2015.

The classification by sieve size has been 
an important criterion in selections for superior 
plants; it is a characteristic related to bean 
quality, in which the larger seeds present superior 
physiological qualities (GIOMO et al., 2008). 
Batches with larger quantities of large flat beans 
are more valued (BARTHOLO; GUIMARÃES, 
1997). In this case, the trait %S17 ranged from 
22.4% (progeny 22) to 42.9% (progeny 17). 

TABLE 3 - Ranking of 25 progenies and their genotypic values (GV) for yield (sc ha-1), %S17 (%), height (m), 
upper canopy diameter (m), lower canopy diameter (meters), stem diameter (mm), and vigor (score) in São 
Sebastião do Paraíso.

Rank Yield %S17 Height Upper canopy 
diameter

Lower canopy 
diameter Stem diameter Vigor

ID GV ID GV ID GV ID GV ID GV ID GV ID GV
1 22 28.0 17 42.9 9 3.24 14 2.03 17 1.75 14 80.4 14 7.9
2 21 27.3 16 39.9 16 3.24 17 2.03 8 1.75 23 78.9 6 7.8
3 6 26.9 4 38.1 17 3.25 11 2.05 22 1.77 15 78.9 10 7.8
4 20 26.1 1 38.0 2 3.25 8 2.05 19 1.79 20 78.9 12 7.8
5 5 25.8 3 35.1 8 3.25 16 2.07 11 1.80 5 78.8 23 7.8
6 15 25.5 24 34.1 1 3.25 25* 2.12 20 1.80 4 78.7 1 7.8
7 7 25.2 23 33.6 19 3.25 1 2.12 25* 1.81 25* 78.7 5 7.8
8 13 25.0 19 32.8 22 3.25 22 2.13 24 1.82 18 78.3 11 7.8
9 23 24.7 15 32.1 20 3.25 7 2.15 14 1.82 12 78.2 15 7.8
10 11 24.3 2 31.7 13 3.26 13 2.15 16 1.82 1 78.1 7 7.7
11 1 24.2 7 29.6 6 3.26 10 2.18 1 1.85 3 77.8 8 7.7
12 14 24.1 18 29.0 25* 3.26 18 2.20 10 1.85 9 77.7 9 7.7
13 24 24.1 25* 28.8 21 3.26 19 2.21 21 1.86 10 77.5 13 7.7
14 4 23.8 5 28.6 24 3.26 20 2.21 18 1.86 13 77.2 18 7.7
15 17 23.7 10 27.6 3 3.27 2 2.23 2 1.87 11 76.9 20 7.7
16 25* 23.4 6 27.6 12 3.27 15 2.24 13 1.87 6 76.8 21 7.7
17 8 23.3 12 27.5 18 3.27 21 2.29 12 1.88 8 76.8 24 7.7
18 12 23.2 21 27.3 5 3.27 12 2.30 7 1.90 22 76.1 25* 7.7
19 3 23.2 14 27.0 4 3.27 6 2.31 3 1.91 24 76.1 4 7.6
20 16 23.2 8 25.5 11 3.27 24 2.31 6 1.92 16 75.4 19 7.6
21 19 23.2 20 24.6 10 3.27 5 2.34 5 1.92 7 75.3 22 7.6
22 9 23.1 11 23.9 7 3.27 23 2.36 4 1.92 17 74.9 2 7.6
23 2 23.0 13 23.8 14 3.28 3 2.43 23 1.97 19 73.9 3 7.5
24 10 23.0 9 23.4 15 3.28 4 2.46 9 1.97 2 73.8 16 7.5
25 18 22.4 22 22.4 23 3.28 9 2.53 15 2.01 21 73.6 17 7.5
Média 24.4 30.2 3.3 2.2 1.9 77.1 7.7

* Check: Mundo Novo IAC 379/19
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The selection of shorter plants has been a 
priority for coffee breeding programs, especially 
for mechanized regions; non-significant 
correlations between height and yield have been 
found (CARVALHO et al., 2010; SEVERINO et 
al., 2002). Among the evaluated progenies, mean 
plant height values ranged from 3.24 m (progeny 
9) to 3.28 m (progeny 23). This is the characteristic 
that showed the lowest variation among the 
progenies, confirming the low selective accuracy 
(31%) in the mean progeny level at this site.

The capacity of high-density planting 
progenies is useful information to the breeder, 
since the larger the number of plants in the stand, 
the greater the average productivity of the field 
over the years. Moreover, taking the average 
over a number of years (PEREIRA et al., 2007) 
tends to attenuate adverse environmental effects. 
Estimating the plant density involves measuring 
the canopy structure and dimension of the plants. 
The lower canopy diameter ranged from 2.03 m 
(progeny 14) to 2.53 m (progeny 9). The upper 
canopy diameter of the progenies ranged from 
1.75 m (progeny 17) to 2.01 m (progeny 15).

Among the evaluated progenies, the stem 
diameters ranged from 73.6 mm (progeny 21) to 
80.3 mm (progeny 14). According to Ferreira et 
al. (2014) the stem of the coffee plant contains 
reserve tissues that represent an important source 
of carbohydrates to supply the vegetative and 
reproductive demands of plants. A larger stem 
diameter also contributes to reduce the tendency of 
the plants to tip, thus improving the management 
of coffee trees. 

Plant vigor scores sum up, in the view of 
a breeder, the overall performance of the plant. 
There was low variation in plant vigor, which 
ranged from 7.5 (progeny 17) to 7.9 (progeny 14); 
the mean value is much higher than that found by 
Fazuoli et al. (2005) in “Mundo Novo” progenies 
in Campinas, SP. According to Severino et al. 
(2002), high plant vigor correlates positively with 
the adaptation of the cultivar to the environment. 
Therefore, a selection process that considers plant 
vigor may favor the selection of plants with a lower 
possibility of depletion and greater longevity.

In general, the average stem diameter of 
56% of progenies was higher than the general 
average; for other traits (yield, %S17, and vigor), 
only 36% of progenies had averages that were 
above the general average. For plant height, upper 
canopy diameter and lower canopy diameter, the 
aim of the selection was to decrease the average, 
and in this case, 56%, 48%, and 36% of the 
progenies, respectively, had averages below the 
general average.

Experimental Field of Três Pontas

Mean yields ranged from 23.7 sc ha-1 
(progeny 8) to 29.7 sc ha-1 (progeny 22). Progeny 
22 was the most productive at both sites. Similar 
results were found by Raso et al. (2015), who 
observed average yields of 29.7 sc ha-1 in cultivars 
of “Mundo Novo” in Três Pontas-MG (Table 4). 
There is no strong correlation between rankings 
considering the both sites, this shows the presence 
of genotypes by environments interaction (GEI) 
also observed by Carvalho et al. (2010), and 
Beksisa et al. (2018) that effectively determined 
the existence of GEI among Coffea arabica 
genotypes.

The %S17 values ranged from 19.2% 
(progeny 20) to 30.4% (progeny 3). In comparison 
to the other site, the average %S17 was lower by 
4.5%.

Plant heights ranged from 2.89 m (progeny 
20) to 3.08 m (progeny 15). The level of variation 
observed among the progenies is slightly higher 
than in São Sebastião do Paraíso. This level 
of variation favored a higher level of selective 
accuracy at the progeny level (73%).

The lower canopy diameters ranged from 
2.09 m (progeny 11) to 2.40 m (progeny 9) while 
the upper canopy diameter ranged from 1.69 m 
(progeny 8) to 1.91 m (progeny 9). In the São 
Sebastião do Paraíso, progeny 9 also had a larger 
lower canopy diameter.

The stem diameters varied from 64.8 mm 
(progeny 8) to 74.7 mm (progeny 18). The general 
mean was 6.6 mm lower than in São Sebastião do 
Paraíso, which can be explained by the different 
management and cultivation practices in each site.

Plant vigor scores varied between 5.9 
(progeny 17) and 7.5 (progeny 13), which was a 
higher level of variation compared to the previous 
site and reflects a higher mean score at the progeny 
level. A similar trend was observed for plant height, 
which shows how much these two characteristics 
are heavily influenced by the environment.

The percentage of progenies that had 
averages above the general average for yield, 
%S17, stem diameter and vigor were 64%, 48%, 
56% and 60%, respectively. These percentages, 
except for stem diameter, were higher at this 
location. There were no differences between sites 
in the percentages of progenies that had averages 
above the general average for case upper and 
lower canopy diameter and plant height.
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Selection
We simulated the selection of two progenies 

for each trait and the selection gain was quantified 
considering the general mean of the progenies and 
the check (Table 5). 

For both sites, the highest gains were 
observed for the %S17, thus, the population 
subjected to the selection process has a high level of 
genetic variability for grain size and the possibility 
exists to obtain greater success in the selection for 

TABLE 4 - Ranking of 25 progenies and their genotypic values for yield (sc ha-1), %S17 (%), height (m), upper 
canopy diameter (m), lower canopy diameter (m), stem diameter (mm), and vigor (score) in Três Pontas, MG.

Rank Yield %S17 Height Upper canopy 
diameter

Lower canopy 
diameter Stem diameter Vigor

ID GV ID GV ID GV ID GV ID GV ID GV ID GV
1 22 29.7 3 30.4 20 2.89 11 2.09 8 1.69 18 74.7 13 7.5
2 14 29.6 1 30.0 8 2.94 8 2.14 20 1.70 23 73.3 18 7.3
3 17 29.6 17 28.9 5 2.95 14 2.14 22 1.71 2 72.7 1 7.1
4 12 29.2 19 28.7 11 2.96 10 2.16 1 1.72 16 72.4 6 7.1
5 10 29.0 24 28.5 6 2.97 22 2.17 24 1.72 10 71.7 10 7.1
6 20 29.0 16 28.5 22 2.98 25* 2.17 2 1.73 9 71.7 11 7.1
7 2 28.9 15 28.3 17 2.99 2 2.18 16 1.74 25* 71.7 25* 7.1
8 25* 28.9 22 27.8 13 2.99 20 2.19 11 1.75 19 71.1 5 6.9
9 9 28.7 14 27.7 21 2.99 16 2.19 25* 1.76 12 71.0 7 6.9
10 21 28.5 25* 27.2 9 3.01 17 2.20 5 1.77 4 70.8 8 6.9
11 4 28.4 2 25.8 24 3.01 19 2.21 10 1.77 17 70.8 12 6.9
12 6 28.1 18 25.8 14 3.01 1 2.22 15 1.77 24 70.7 14 6.9
13 19 28.1 21 25.7 7 3.02 21 2.22 6 1.79 13 70.7 21 6.9
14 13 28.1 13 25.5 19 3.02 5 2.25 14 1.79 3 70.6 22 6.9
15 16 28.1 8 25.1 1 3.02 12 2.26 17 1.80 7 70.4 23 6.9
16 15 27.9 7 24.7 3 3.03 18 2.27 18 1.81 1 70.4 9 6.7
17 7 27.6 4 24.6 25* 3.04 23 2.28 19 1.82 21 69.9 15 6.7
18 5 27.6 6 24.3 10 3.04 24 2.29 13 1.82 15 69.8 19 6.7
19 24 27.2 12 24.1 12 3.05 7 2.29 7 1.83 22 69.6 24 6.7
20 11 26.8 11 24.1 16 3.05 6 2.31 21 1.83 6 69.4 2 6.5
21 23 26.5 9 23.2 4 3.05 15 2.31 12 1.86 14 69.2 3 6.5
22 18 25.5 10 23.0 18 3.05 4 2.32 4 1.87 20 69.1 16 6.3
23 1 25.3 23 21.9 23 3.06 13 2.33 23 1.90 5 68.7 20 6.3
24 3 24.9 5 19.2 2 3.07 3 2.39 3 1.90 11 67.4 4 5.9
25 8 23.7 20 19.2 15 3.08 9 2.40 9 1.91 8 64.9 17 5.9
Média 27.8   25.7   3.0   2.2   1.8   70.5   6.8
* Check

ID: identification of progeny

this trait. Negative gains refer to the traits that 
are selected based on their reduction compared to 
the average; among them, plant height presented 
the lowest gain of selection in São Sebastião do 
Paraíso. In contrast to plant height, in Três Pontas, 
the selection gain for productivity was not as 
significant as that in São Sebastião do Paraíso. 
These results show how much the environment 
can interfere with genotypic characteristics and 
selection as found by Ferreira et al. (2005).
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TABLE 5 - Selection gain (%) for all traits evaluated in São Sebastião do Paraíso and Três Pontas in relation to the 
general population mean and the check (Mundo Novo IAC 379/19).

Traits São Sebastião do Paraíso Três Pontas
SG mean SG check SG mean SG check

Yield 5.12 6.98 2.40 0.93
%S17 24.93 29.41 9.85 6.20
Height -0.06 -0.06 -1.68 -2.19
Upper canopy diameter -7.24 -3.59 -3.84 -1.75
Lower canopy diameter -3.06 -1.71 -2.99 -2.08
Stem diameter 2.08 0.77 3.05 2.03
Vigor 0.31 0.31 5.23 2.51

Falconer (1996) reported that it is possible 
to achieve faster progress through a correlated 
response rather than through the direct selection 

of the desired trait. In order to summarize the 
characteristics and to carry out the simultaneous 
selection, the sum of ranking at each site is 
presented in Table 6. 

TABLE 6 - Ranking by the sum of individual ranks of 24 progenies and the cultivar Mundo Novo IAC 379/19, 
according to the Mulamba and Mock (1978) index, in São Sebastião do Paraíso and Três Pontas, MG.

São Sebastião do Paraíso Três Pontas
ID Sum of ranks ID Sum of ranks
1 47 22 50
20 60 25* 58
14 65 14 65
17 66 10 66
25* 69 17 72
8 71 1 73
11 72 16 77
16 77 2 78
22 77 8 78
5 82 11 80
15 84 19 81
24 84 20 84
6 85 24 84
19 88 13 87
23 88 21 88
10 90 18 89
7 91 6 91
18 95 12 95
21 95 5 99
12 96 7 106
13 99 9 112
4 101 15 112
2 109 23 117
3 114 3 122
9 117 4 127

* Check

ID: identification of progeny
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After ranking in the ascending order, we 
observed that in São Sebastião do Paraíso, the best 
progenies were 1 [IAC376-2 (M. Novo) x IAC386-
17 (M. Novo)] and 20 [IAC382-10 (M. Novo) x 
IAC388-20 (M. Novo)]. In addition, progeny 14 
[IAC379/19 (M. Novo) x IAC386-6 (M. Novo)] 
and 17 [IAC386-5 (M. Novo) x IAC387-15 (M. 
Novo)] ranked higher than the control, which 
ranked fifth overall.

In Três Pontas, progeny 22 [H1535/181 
(M. Novo) x (S795) 1344/10/5] and the check 
(Mundo Novo IAC379/19) ranked highest. The 
differentiation of progeny 22 at this site reflects 
its genealogy, which includes a genetic factor for 
resistance to rust, the SH3 gene. Van-der-Vossen 
(2005) observed that coffee plants carrying the 
SH3 gene are likely to express durable resistance. 
Furthermore, the yield of progeny 22 was higher, 
which was also observed in São Sebastião do 
Paraíso.

4 CONCLUSIONS
The genetic breeding program will benefit 

from the information and selection data from this 
study, especially since the genetic material used 
originated from “Mundo Novo,” the most planted 
coffee cultivar. The selection gain was expressed 
mainly for the trait bean size (percentage of beans 
retained in sieve 17). In general, the genetic gain 
was higher in São Sebastião do Paraíso than in 
Três Pontas.
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