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The objective of this study was to estimate genetic parameters and predict the genetic gains of coffee 
plant progenies using characters that are targeted in coffee breeding. The experiment was conducted in 
an area naturally infested with Meloidogyne exigua on Ouro Verde Farm, which is located in the 
municipality of Campos Altos in the state of Minas Gerais- Brazil. Twenty-three progenies that were 
potentially resistant to root-knot nematodes were used in the study, and seven commercial cultivars 
were used as controls. The evaluated progenies are in the fourth generation of a cross between ‘Híbrido 
de Timor’ and ‘Catuaí’, and they were provided by the coffee plant-breeding program conducted in 
Minas Gerais. The following characters were evaluated in the 2010 to 2011 and 2011 to 2012 crops: 
Productivity per processed coffee bags per hectare; percentage of grains at the berry stage; percentage 
of floating grains; grains size; and plant vigor. Furthermore, the number of M. exigua eggs per root 
gram was evaluated in the latter crop. The following genetic parameters were evaluated: Coefficient of 
environmental variation; phenotypic variance; genotypic variance; broad sense heritability; coefficient 
of genetic variation; and variation index. Gains by direct and indirect selection and the selection index, 
based on the sum of ranks of Mulamba and Mock, were used to estimate the genetic gain prediction. 
The progenies exhibited large genetic variability for the assessed traits. The index based on the sum of 
ranks presented higher simultaneous gains in relation to direct and indirect selection. The progenies 
(H493-1-2-2, H514-7-4-5, H518-2-10-1, and 514-5-2-4) were the most promising in the area infested by M. 
exigua and were identified for generational advancement based on the two procedures of analytical 
gain prediction.  
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INTRODUCTION 
 
The contributions of genetic breeding techniques for 
coffee  cultivation  are  unquestionable  for   farmers   and 

especially for the Brazilian economy. Although the 
selected cultivars had already reached  high  yield  levels,  
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studies showed that new technologies are still largely 
demanded by Brazilian farmers and consumers. Those 
people long for new cultivars, which offer a differentiated 
product in relation to the drink quality and also an 
effective reduction in crop losses by rational use of 
agriculture inputs through resistance to the main 
pathogens infecting the coffee, especially plant parasitic 
phytonematodes, which has been responsible for serious 
damage to coffee crops.  

Moreover, the utilization of new cultivars also effective 
reduction in crop losses, and cultivars that are resistant to 
major pathogens can be established. Regarding the 
coffee plant, are one of the main parasites, and they 
account for severe damage in coffee (Castro et al., 2008; 
Barbosa et al., 2010). Advances in research are made 
difficult by the perennial condition of this crop and the 
period of time required for evaluating the behavior of 
plants derived from sources of the Coffea spp. 
germplasm in an infested area. In fact, under Brazilian 
conditions, few research has been conducted under field 
conditions for genetic selection of plants resistant to 
nematodes; on the other hand, various studies, among 
which are Ito et al. (2008) and Boisseau et al. (2009) 
have been carried out under greenhouse conditions. 
Nevertheless, evaluation of genetic materials of the 
coffee plant under the conditions of an infested area in 
the field allow better knowledge of plant behavior and, 
according to Alpizar et al. (2007), verify the stability of 
plant reaction.   

Thus, the use of more accurate selection procedures 
becomes essential. Estimates of genetic parameters are 
extremely important in breeding programs because they 
allow genetic effects to be distinguished from 
environmental effects. This aids the selection of the best 
breeding strategy by supplying the basis for a posterior 
selection of higher genotypes, with consequent 
reductions in the time needed to launch new cultivars 
(Cruz and Carneiro, 2006). 

One of the most important contributions of quantitative 
genetics in plant breeding is the possibility of gains being 
obtained in the following generation. Thus, direct and 
indirect selection arises as the first alternative to 
providing compensated genetic gains (Bhering et al., 
2012; Nick et al., 2013). The selection of higher 
progenies based on one or a few characters may not be 
suitable for the breeder. Therefore, the simultaneous 
selection of many desirable characters aims to increase 
the probability of program success (Gonçalves et al., 
2007; Mendes et al., 2009). 

The selection indices are multivariate techniques that 
allow the combination of various data sources in the 
experimental unit. This  allows  the  selection  of  superior  
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materials based on complex of variables that meet 
attributes of interest to the breeder, which results in best 
simultaneous gains (Cruz and Carneiro, 2006). The index 
based on the sum of ―ranks‖ (Mulamba and Mock, 1978) 
has been shown in the literature by providing better 
simultaneous gains in various situations (Costa et al., 
2004; Santos et al., 2007).Thus, the objective of this 
study was to predict genetic gains of progenies from the 
cross between ‗Híbrido de Timor‘ and ‗Catuaí‘ cultivars 
based on characters targeted by coffee plant breeding 
programs in an area that is naturally infested with 
Meloidogyne exigua.  

 
 
MATERIALS AND METHODS 
 
The experiment was conducted in an area infested with M. exigua 
immediately following the uprooting of an old coffee crop 
(December, 2000), with no soil mobilization, on the Ouro Verde 
Farm, which is located in the Campos Altos municipality in the Alto 
Parnaíba region of Minas Gerais State. The materials used in the 
experiment included 23 progenies that were potentially resistant to 
root-knot nematodes and seven cultivars that were used as controls 
(Table 1).  

The assessed progenies were from the fourth generation of a 
cross between the ‗Híbrido de Timor‘ and ‗Catuaí‘ cultivars, and 
they were provided by the coffee plant-breeding program conducted 
in Minas Gerais, which is managed by Empresa de Pesquisa 
Agropecuária de Minas Gerais (EPAMIG) with the participation of 
Universidade Federal de Viçosa (UFV) and Universidade Federal 
de Lavras (UFLA). 

A random block design with four replicates was used (totaling 
120 plots), and each plot contained eight plants. The spacing used 
in the experiment was 4.0 x 0.8 m between rows and plants, 
respectively, which corresponded to a total area of 3072 m2. The 
experiment was designed and conducted following the technical 
recommendations for coffee crops in the region. Evaluations of the 
2010 to 2011 and 2011 to 2012 harvests were made, including the 
following characters: productivity per 60 kg bags•ha-1; percentage of 
grains at the berry stage; percentage of floating grains; grain 
retained in high sieve (screen 17 or above); plant vigor; and the 
number of M. exigua eggs per root gram.  

Yield was assessed in 60 kg bags of hulled coffee per hectare 
(bags•ha-1). The harvest was carried out in individual plots that were 
measured in liters of ―field coffee‖ (coffee fruits of mixed maturity) 
per plot. Subsequently, the volume of coffee harvested was 
converted to bags•ha-1, considering the mean yield of a 60 kg bag 
of hulled coffee for each 480 L of ―field coffee‖, and this yield 
corresponded to the regional average. The percentage of fruit at the 
cherry stage was determined by counting a 300 ml sample of fruit 
per plot. The methodology proposed by Antunes Filho and Carvalho 
(1954) was used to determine the percentage of floating fruits. 
Based on this method, 100 cherry fruits were placed in water, and 
the fruits remaining at the surface were considered floating fruits.  

Grains size was graded (17 sieve or above) after coffee 
processing. A 300 g sample was passed through a set of sieve 
perforations (from 17/64 to 19/64 inch diameter holes). The material 
retained in each sieve was weighed, determining the percentage  of  
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Table 1. Relation and genealogy of F4 generation progenies assessed in Campos Altos – Brazil. 
 

S/N Progenies Origin  

1 514-5-4-C25 CA IAC 86 x HT UFV 440-10 

2 436-1-4-C26 CV IAC 99 x HT UFV 442-42 

3 518-7-6-C71 CV IAC 141 x HT UFV 442-34 

4 514-7-14-C73 CA IAC 86 x HT UFV 440-10 

5 514-5-2-C101 CA IAC 86 x HT UFV 440-10 

6 516-8-2-C109 CA IAC 86 x HT UFV 446-08 

7 504-5-6-C117 CV IAC 81 x HT UFV 438-01 

8 514-5-4-C121 CA IAC 86 x HT UFV 440-10 

9 514-7-4-C130 CA IAC 86 x HT UFV 440-10 

10 493-1-2-C134 CV IAC 44 x HT UFV 446-08 

11 505-9-2-C171 CV IAC 81 x HT UFV 438-52 

12 518-2-6-C182 CV IAC 141 x HT UFV 442-34 

13 514-7-16-C208 CA IAC 86 x HT UFV 440-10 

14 514-7-16-C211 CA IAC 86 x HT UFV 440-10 

15 493-1-2-C218 CV IAC 44 x HT UFV 446-08 

16 438-7-2-C233 CA IAC 86 x HT UFV 451-41 

17 514-7-16-C359 CA IAC 86 x HT UFV 440-10 

18 514-7-8-C364 CA IAC 86 x HT UFV 440-10 

19 518-2-10-C408 CV IAC 141 x HT UFV 442-34 

20 514-5-2-C494 CA IAC 86 x HT UFV 440-10 

21 518-2-4-C593 CV IAC 141 x HT UFV 442-34 

22 516-8-2-C568 CA IAC 86 x HT UFV 446-08 

23 518-2-6-C685 CV IAC 141 x HT UFV 442-34 

24 Catuaí Vermelho IAC 99* - 

25 Catuaí Amarelo IAC 62* - 

26 Topázio MG 1190* - 

27 Rubi MG 1192* - 

28 Acaia Cerrado MG 1474* - 

29 Icatu Precoce IAC 3282* - 

30 Icatu Amarelo IAC 2942* - 
 

CA: Catuaí Amarelo; CV: Catuaí Vermelho; HT: Híbrido de Timor.*Commercial cultivars used as control. 
 
 
 

beans graded as screen 17 and above (Brasil, 2003). Plant vigor 
was evaluated by rank, according to an arbitrary 1 to 10 point scale. 
As suggest by Carvalho et al. (1979), 1 corresponded to the worst  
plant with reduced plant vigor and a sharp weakening symptom, 
and 10 was assigned to plants with excellent vigor, which had more 
leaves and sharp plant growth of productive branches. 

The number of M. exigua eggs per root gram was evaluated by 
collecting the roots at 20 to 40 cm depth on both sides of the plant, 
perpendicular to the planting line, at an approximated amount of 50 
g for all plants in the plot. After being mixed, 100 g of the roots were 
taken to make a sample composed of specimens from each 
experimental plot.  

This evaluation was conducted during two seasons: the rainy 
season (January, 2011) and the dry season (July, 2011). 
Nematodes were extracted in the laboratory following the 
methodology of Hussey and Barker (1973). After extraction, 
quantification was performed in an inverted biological microscope 
using a counting blade to determine the number of eggs per root 
gram. The mean values from two assessments were considered for 
the analysis of variance among all traits, and a 1% significance 
level was adopted for the F test. The Box-Cox methodology (Box 
and Cox, 1964) was used to transform the data from the number of 

eggs per root gram with the aid of the statistical software R (R 
Development Core Team, 2011). The following parameters were 
estimated from the analyses of variance: coefficient of 
environmental variance (CVe), phenotypic variance (σ2

f), genotypic 
variance (σ2

g), broad sense heritability (h2
a), genetic variance 

coefficient (CVg), and variation index (θ). 
Regarding the prediction of genetic gains, direct and indirect 

selection gains were estimated (Cruz and Carneiro, 2006) for all of 
the assessed characters, and a selection of approximately 20% of 
the genotypes (that is, the six best progenies) were considered.  

In addition to this strategy, the selection process was also 
conducted based on the index proposed by Mulamba and Mock 
(1978), in which are added the "ranks" of each genetic material for 
each of the characters in order to improvement favorable, resulting 
in selection index. This resulted in the following selection index: I = 
r1 + r2 + ...+ rn, where I is the index value for a given individual or 
family; rn is the rank of an individual in relation to the nth trait; and n 
is the number of traits considered in the index. Moreover, the 
variables are specified for different weights, so I = p1r1 + p2r2 +... + 
pnrn, where pn is the economic weight given to the nth trait (Cruz and 
Carneiro, 2006; Santos et al., 2007).  

The following economic weights were adopted in this study: CVg; 
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Table 2. Summary of analysis of variance and estimates of genetic parameters for grain yield per bags.ha-1 (PROD), percentage of cherry 
grains (CG), percentage of floating grains (PFG), plant vigor (PV), bean size (S17), and number of eggs/root gram (NERG) of 23 progenies 
and seven cultivars evaluated in Campos Altos-Brazil. 
 

FV GL 
Mean Square 

PROD
 

CG
 

PFG
 

PV S17 NERG
(1)

 

Treatment 29 126.66
**
 336.17

**
 97.74

**
 2.09

**
 428.55

**
 89.13

**
 

Block 3 65.99 47.64 2.38 0.83 316.18 326.80 

Residue 87 50.32 42.24 2.91 0.18 25.29 18.26 

Mean - 41.79 50.80 9.53 6.90 33.80 13.49 

CVe (%) - 16.98 12.79 17.93 6.25 14.88 31.67 

σ
2

f - 31.67 84.04 24.44 0.52 107.14 22.28 

σ
2

g - 19.09 73.48 23.71 0.48 100.81 17.72 

h
2

a - 60.27 87.44 97.02 91.09 94.10 79.51 

CVg(%) - 10.46 16.87 51.12 10.00 29.71 31.19 

θ - 0.62 1.32 2.85 1.60 2.00 0.98 
 
 (1)

Data transformed into (y 
0.22 

-1) /0.22.** Significant at 1% of probability by the F test. CVe: coefficient of environmental variation; σ
2
f: phenotypic 

variance; σ
2
g: genotypic variance; h

2
a: broad sense heritability; CVg: coefficient of genetic variation; θ: variation index (CVg/CVe). 

 
 
 

h2
a; θ; weight 1 for all characters (W1); and values provided by the 

relative importance (RIP) of magnitudes 100, 40, 40, 60, 60, and 80 
for productivity (PROD), percentage of grains at the cherry stage 
(BS), percentage of floating grains (PFG), plant vigor (PV), screen 
17 sieve or above (S17), and number of eggs per root gram 
(NERG), respectively. Regarding productivity, BS and S17 selection 
was performed towards addition, and selection for PFG and NERG 
was done in the opposite direction. All statistical-genetic analyses 
were performed using the Genes software (Cruz, 2006). 

 
 
RESULTS AND DISCUSSION 

 
Significant differences were observed for all of the 
assessed characters, which indicated that progenies 
exhibited differentiated behavior under the trial conditions 
(Table 2). Values of CVe ranged from 6.25% (PV) to 
31.67% (NERG), revealing good experimental precision. 
High CVe values for the variables related to the nematode 
population in the roots were also found in other cultures 
by Moura et al. (2008) and Silva et al. (2011), and they 
may be explained by the complex methods used to 
evaluate this pathogen, especially under field conditions.  

Broad-sense heritability (h
2

a) reflects the importance of 
inheritance and the environment in character expression. 
The values found for heritability were 60.27, 87.44, 97.02, 
91.09, 94.10, and 79.51% for PROD, CG, PFG, PV, S17, 
and NERG, respectively (Table 2). High heritability values 
were found for all characters when compared to other 
trials that evaluated Coffea arabica progenies (Botelho et 
al., 2007; Petek et al., 2006). Interestingly, the heritability 
of the studied trait should be high to achieve successful 
selection (Miranda et al., 1988). The higher the 
expression level of genetic variability in relation to the 
environment, the higher the gains estimated for the next 
generation.  

Thus, such results provide evidence that supports the 
existence of genetic variability among progenies, with 

possible selection gains. This indicates the possibility of 
obtaining high genetic gains with genetics improvement 
to the characteristics studied, which are of high interest 
commercial, and that parents with higher PROD, CG, 
PFG, PV, S17 and NERG can be used in directed 
crosses genotypes aimed these characteristics. 

CVg expresses the magnitude of genetic variation in 
relation to the mean of the trait. Estimates of CVg shown 
in Table 2 reveal that the analyzed traits generally 
presented variations ranging from 10.00% (PV) to 
51.12% (PFG). Bonomo et al. (2004) and Mistro et al. 
(2007), when studying progenies derived from the 
germplasms of ‗Híbrido de Timor‘, in F3 and F4 
generations, respectively, also found high genetic 
variability. Moreover, this variability supports the 
conclusion that the selection of the best progenies will 
increase expression and the genetic value of the 
population. 

The proportion of CVg to CVe is referred to as the 
variation index (θ). According to Vencovsky (1987), when 
this index is near or higher than 1.0, it indicates a 
situation where selection is favorable. The values found 
in this study (Table 2) show a satisfactory situation for 
selection of all characters, with the exception of 
productivity, which showed a value of 0.62. Values less 
than 1.0 for productivity were also reported by Bonomo et 
al. (2004), and can be explained by the fact that 
productivity is a quantitative inheritance character and 
also by the coffee biannuality.  

Therefore, the genetic variation in productivity depends 
on allelic variation in a large number of loci, and 
expression of those loci is highly affected by 
environmental factors (Guo et al., 2004; Huang et al., 
2011).  However, productivity is an important variable, 
and any gain in this character should be taken into 
account.  

Estimates of the direct and indirect gain of selection are
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Table 3. Estimates of percentage gains by indirect and direct selection for productivity per bags.ha-1 (PROD), percentage of cherry 
grains (CG), percentage of floating grains (PFG), plant vigor (PV), bean size (S17), and number of eggs/root gram (NERG) from 23 
progenies in F4 generation and seven cultivars evaluated in Campos Altos-Brazil. 
 

Selection on 
Expected gain in (%)

 
 

PROD CG PFG* PV S17 NERG* 

PROD 11.69 8.85 -22.32 6.09 20.36 -13.97 

CG 6.38 18.56 -19.78 7.86 5.21 -12.63 

PFG* 3.19 -4.08 -48.21 0.16 24.76 -2.81 

PV  7.62 16.67 -24.02 12.12 -10.53 -18.69 

S17 

NERG* 

7.44 

5.35 

13.90 

2.03 

0.59 

-13.62 

3.60 

6.21 

39.84 

0.07 

-17.61 

-35.81 
 

*Variables selected towards decrease (it is desired negative values for those characters). 
 
 
 

Table 4. Estimates of percentage gains by simultaneous selection, using the index based on the sum of ranks, based upon five economic 
weight criteria(1), for grain productivity per bags.ha-1 (PROD), percentage of cherry (CG), percentage of floating grains (PFG), plant vigor 
(PV), bean size (S17), and number of eggs/root gram (NERG) from 23 progenies in F4 generation and seven cultivars assessed in 
Campos Altos-Brazil. 
 

Trait 
Expected gain in (%) 

CVg h
2

a CVg/CVe W1 WRI 

PROD 9.27 9.05 9.27 9.05 10.73 

CG 11.21 15.08 11.21 15.08 10.65 

PFG
(2)

 -42.27 -30.81 -42.27 -30.81 -29.96 

PV  5.80 5.66 5.80 5.66 6.90 

S17 24.96 27.61 24.96 27.61 22.30 

NERG
(2)

 -19.34 -20.06 -19.34 -20.06 -22.59 
 
 (1)

CVg: coefficient of genetic variation; h
2
a: broad sense heritability; CVg/CVe: variation index; W1: weight 1 for all characters; WRI: values 

provided by the relative importance (100, 40, 40, 60, 60 and 80).
(2) 

Variables selected towards decrease. 
 
 
 

presented in Table 3. From this selection, gains were 
obtained from the main character (upon which selection 
was performed) with the possible occurrence of favorable 
and unfavorable responses in the characters of 
secondary importance (Costa et al., 2004).  

Considering that the target was to obtain an increase in 
the PROD, CG, PV, and S17 characters and a decrease 
in PFG and NERG, the best result was achieved when 
selection was performed on the PROD trait, which 
provided positive gains of 11.69, 8.85, 6.09, and 20.36% 
for PROD, CG, PV, and S17, and negative values of 
22.32 and 13.97% for PFG and NERG, respectively. 
Thus, based on direct selection on yield, progenies H493-
1-2-2, H518-2-10-1, 514-7-4-5, 436-1-4-2, 518-2-6-1, and 
514-5-2-4 were selected as the promising ones for the 
generational advancement. The index based on the sum 
of ranks (Mulamba and Mock, 1978) was also used to 
target increasing reliability of the results obtained in this 
experiment.  

The results indicate that it is possible to obtain 
desirable gains for all assessed characters, considering 
all the provided economic weights (Table 4). This 
suggests  that  it   is   possible   to  promote  the  effective 
increase of favorable alleles via the stocking of the 

assessed characters in the population. Among the 
economic weight options used to obtain selected gains, 
the results indicated that weight, based on the relative 
importance (WRI), presented the best results with 
predicted gains of 10.73, 10.65, 6.90, and 22.30% for 
PROD, CG, PV, and S17, respectively. This was in 
addition to the negative gains for PFG (-29.96%) and 
NERG (-22.59) (Table 4), which were the favorable 
characters for the selection of higher genotypes, where 
the number of plants with floating fruits and susceptibility 
to M. exigua tended to be lower. 
Although yield gain was smaller than indirect and direct 
selection, the index of Mulamba and Mock (1978) 
provided greater magnitudes of predicted gain for all of 
the other characters, which corroborates the results of 
Costa et al. (2004) and Santos et al. (2007). Progenies 
selected by the Mulamba and Mock (1978) procedure, 
based on WRI, were as follows: H493-1-2-2, H514-7-4-4, 
H518-2-10-1, H514-7-16-3, H493-1-2-8, and H514-5-2-4. 
The results show that four of these (H493-1-2-2, 514-7-4-
5, 518-2-10-1, and 514-5-2-2) were also selected by the 
criteria for direct and indirect selection, which confirms 
the potential of these progenies for generational 
advancement. 



 
 
 
 
Conclusions 
 
The progenies presented large amounts of genetic 
variability for the assessed characters, and the index 
based on the sum of the ranks presented comparable 
gains relative to direct and indirect selection. The H493-
1-2-2, H514-7-4-5, H518-2-10-1, and 514-5-2-4 
progenies were the most promising in the area infested 
by M. exigua and pointed to generational advancement 
based on the two analytical gain prediction procedures.  
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