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ABSTRACT. The aim of this study was to select Coffea arabica 
lines with improved adaptability to tropical edaphic conditions. 

Competitive trials were set up at three locations of the states of 
Rondônia and Acre. Each trial was composed of 21 lines in the F5 
generation and four reference cultivars evaluated as controls. To 

analyze beverage quality, six liters of coffee fruit at the M3 maturity 
stage was collected for each line in the environments of Alta Floresta 
do Oeste, RO (E1), Porto Velho, RO (E2), and Rio Branco, AC (E3). 

On the same day, after collection, the fruit was washed and placed to 
dry (natural processing) in full sun over canvas, until the samples 
reached 11-12% moisture. Sensory analysis of the samples was 

carried out by three judges/cuppers (Q Grader), according to the 
sensory analysis method of the Specialty Coffee Association of 

America. Analysis of variance showed that the effect of the genotype 
x environment interaction was significant, indicating differentiated 
performance of the lines grown in the different locations. 

Environments E2 and E3 were not favorable for beverage quality, 
whereas environment E1 showed better conditions for production of 
specialty coffees. In sensory analysis, six lines had higher final 
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beverage quality scores than the controls. Line 2 had a final score of 
80, line 11 had a final score of 79, and line 12 had a final score of 77. 
In addition to good beverage quality, lines 2, 11 and 12 also had 

yields higher than 30 bags ha
-1

 in the average of three harvest 
periods, indicating the possibility of selecting lines with improved 
adaptation to tropical regions. 

 
Key words: Coffea arabica; Line x environment interaction; Beverage quality 

INTRODUCTION 
 
Arabica coffee (Coffea arabica.) originated on the African continent at an altitude 

of 1600-2800 meters above sea level and mean air temperature from 18ºC-20ºC (Moat et al., 
2017). This species produce a beverage of greater economic value, with strong aroma, 
sweetness and less body compared to that made from C. canephora (Partelli et al., 2014; 

Rendón et al., 2014; Souza et al., 2018).  
The Western Amazon is considered a marginal area for growing C. arabica, since 

low altitudes and high temperatures of the tropics favor flower abortion and accelerates fruit 
maturation, reducing the sugar and aromatic precursors contents that confer flavor to the 
beverage (DaMatta et al., 2012; Rodrigues et al., 2016). In the Western Amazon, the fruit 

ripens during  the period of greatest rainfall, from February to April, making post-harvest 
procedures more difficult (Teixeira et al., 2014). In this scenario, the selection of coffee 
plants with good productivity, late maturation cycle, and good beverage quality has the 

potential to subsidize the development of new cultivars better adapted to tropical climate 
regions. 

Coffee beverage quality is quantified in sensory analysis tests, using terminology 
established by the International Coffee Organization (ICO) and attributing scores according 
to the protocol and the attributes of the coffee beverage (Cheng et al., 2016). Beverages 

with scores above 80 points are considered specialty coffees, with prices that can be 40 to 
80% greater than commodity coffees (Martinez et al., 2014). 

Beverage quality depends both on genotype and environment effects (Sunarharum 

et al., 2014). The main attributes of the beverage evaluated during cupping, such as acidity, 
body, flavor, and aroma are affected by the environment factor, which influences plant 
nutrition and cycle maturation. Plant performance is evaluated considering the interaction of 

genotypes and environments (GE) that may favor or reduce the quality of the beverage 
produced at these locations (Czerny et al., 1999; Alves et al., 2011). In environments that 

are marginal for coffee growing, it is important to select lines that associate greater 
adaptability, understood as better performance, with greater stability, defined as the ability 
to maintain the response in different environments (Rocha et al., 2016). 

The Additive Main Effect and Multiplicative Interaction (AMMI) is a selection tool 
based on multivariate analysis that allows simultaneous evaluation of numerous genotypes, 
quantifying their performance in different environments in a biplot dispersion (Santos et al., 

2017). To analyze the GE interaction, the biplot is interpreted considering the magnitude 
and sign of the genotypes scores, in which low scores represent genotypes of higher 

stability. To order the genotypes of higher adaptability, ] the non parametric methodology 
of Lin and Binns (1988) was employed; it considers the mean square distance between the 
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cultivar mean and the maximum response observed in the environments. The environmental 
quality index (Ij) was also used in the classification of the environments in relation to their 
contribution to the plant to performance (Schmildt et al., 2011). 

Our objective was to quantify the genotype x environment interaction for beverage 
quality in various environments of the Western Amazon to assist in the selection of C. 
arabica lines with greater adaptability to tropical edaphic conditions. 

MATERIAL AND METHODS 

Genetic material 
 

We evaluated 21 arabica coffee lines that were in the F5 generation and four 
commercial cultivars recommended for the Southeast region of Brazil. These lines were 

pre-selected in evaluations made by Teixeira et al. (2013; 2015) (Table 1). 
The commercial cultivars used as controls were Acauã, Catuaí Amarelo 2SL, Obatã 

IAC 1669-20, and Tupi. Acauã is a cultivar with high resistance to water deficit and good 

beverage quality (Carvalho, 2008), Catucaí Amarelo 2SL stands out for good resistance to 
rust, high yield and good beverage quality (Carvalho et al., 2012). Obatã IAC 1669-20 is a 
cultivar resistant to rust that has late maturity and good beverage quality (Fazuoli et al., 

2018), and the Tupi cultivar has short height, resistance to rust, and medium beverage 
quality, being recommended for growing in regions of fertile soil and mild climate 

(Carvalho, 2008). 
 

 

Table 1. Listing of the Coffea arabica lines in the F5 generation and four control cultivars (T22-T25), with 

their respective institutions of origin. 

 

Line Origin Line Origin 

1 (UFV 8710) Epamig/UFV 14 (P27-2) IAC 
2 (H419-10-6-2-1-6) Epamig/UFV 15 (P27-4) IAC 

3 (H419-10-6-2-1-10) Epamig/UFV 16 (P29-5) IAC 
4 (H419-10-6-2-1-7) Epamig/UFV 17 (P29-6) IAC 
5 (H419-10-6-2-1-8) Epamig/UFV 18 (P94-1) IAC 
6 (H419-10-6-2-3-21) Epamig/UFV 19 (P94-5) IAC 
7 (H419-6-2-5-3-17) Epamig/UFV 20 (P109-4) IAC 
8 (H514-7-10-6-17) Epamig/UFV 21 (P109-6) IAC 
9 (H514-7-10-6-12) Epamig/UFV T22 (Catucaí Amarelo 2SL1) Fundação Procafé 
10 (H514-7-10-6-29) Epamig/UFV T23 (Obatã IAC1669-20 1) IAC 

11 (H514-7-10-6-25) Epamig/UFV T24 (Acauã1) Fundação Procafé 
12 (H514-7-10-6-9) Epamig/UFV T25 (Tupi1) IAC 
13 (H514-7-10-6-2-3-9) Epamig/UFV     
EPAMIG: Agricultural Research Company of Minas Gerais, IAC: Agronomic, Institute of Campinas; UFV: Federal University of Viçosa, 

T22-T25: commercial cultivars used as testers. 

Experimental trials 
 
The experimental design used was randomized blocks, with 25 treatments and three 

replications of four plants per plot. Management practices were carried out according to the 

recommendations of the production system for coffee growing in Rondônia at a spacing of 
3.00 x 1.00 meters (Marcolan et al., 2009). All the experiments were irrigated from the first 
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flowering up to the beginning of the rainy period, from July to October. The environments 
where the trials were conducted are described below:  

Trial 1- Municipality of Alta Floresta do Oeste, RO, on the rural property of Jacinto 

Migliorini, at 13°03'35” S and 62°33'53” W and altitude of 350 m. The predominant climate 
of the region is humid tropical, with a well-defined dry season from June to August, type 
“Aw” (Alvares et al., 2013) (Figure 1). In this environment, the soil chemical characteristics 

at the depth of 0-20 cm are pH, 6.00; P, 24 mg/dm
3
; K, 0.64 cmolc/dm

3
; Ca, 8.25 

cmolc/dm
3
; Mg, 0.97 cmolc/dm

3
; Al+H, 5.45 cmolc/dm

3
; Al, 0.00 cmolc/dm

3
; OM, 30.30 

g/kg; and V, 64.00%. 

 

 

 
Figure 1. Mean monthly temperatures and rainfall in the municipalities of Alta Floresta D´Oeste-RO (E1), Porto 

Velho-RO (E2) and Rio Branco-AC (E3) according to the climatological records from 1981 to 2010. 
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Trial 2- Municipality of Porto Velho, RO, in the experimental field of Embrapa 
Rondônia, at 08º 47‟ 56” S and 63º 50‟ 49” W and altitude of 88 m. The predominant 
climate of the region is rainy tropical with a dry winter, of type “Am” with an average 

temperature of 26.0 °C with a maximum of 37°C and minimum of 20°C (Alvares et al., 
2013) (Figure 1). In this environment, the soil chemical characteristics at the depth of 0-20 
cm are pH, 5.40; P, 2.00 mg/dm3; K, 0.09 cmolc/dm3; Ca, 1.48 cmolc/dm3; Mg, 1.02 

cmolc/dm3; Al+H, 13.53 cmolc/dm3; Al, 0.87 cmolc/dm3; OM, 50.90 g/kg; and V, 
16.00%. 

Trial 3 – Municipality of Rio Branco, AC, in the experimental field of Embrapa 

Acre, at 10° 1' 30.98" S and 67°42' 21.77" W and altitude of 180 m. The predominant 
climate is tropical humid, type “Aw” (Köppen), with a well-defined dry season from June to 

August (Alvares et al., 2013). Mean temperature is 26.2°C and mean annual rainfall is 1935 
mm. Mean monthly temperature ranges from 24.7ºC to 26.9ºC (Figure 1). In this 
environment, the soil chemical characteristics at the depth of 0-20 cm are pH, 5.45; P, 3.78 

mg/dm
3
; K, 0.15 cmolc/dm

3
; Ca, 2.10 cmolc/dm

3
; Mg, 0.55 cmolc/dm

3
; Al+H, 1.88 

cmolc/dm
3
; OM, 11.18 g/kg; and V, 59.80%.  

Sample collection 
 
Coffee fruit was collected in the 2017/2018 crop season in the various 

environments, as described above. Six liters of coffee fruit was collected per cultivar in the 
M3 maturity stage, which is light red and physiologically ripe. On the same day, after 

collection, the fruit was washed and placed to dry (natural processing) in full sun over 
canvas, until the samples reached 11-12% moisture. The coffee was hulled in a sample 
preparation room at the experimental field of Embrapa, at Ouro Preto do Oeste, RO. The 

coffee beans were packaged in three replications of 500 gram samples. 

Sensory analysis 
 
Sample roasting and sensory analysis of the samples was carried out in the 

laboratory of the “Prove Café Company” in Venda Nova do Imigrante - ES (Brazil) by three 

judges/cuppers (Q Grader) trained and certified for the analysis of specialty coffees, 
according to the sensory analysis method of the Specialty Coffee Association of America 
(Lingle, 2011; SCAA, 2014). 

In the SCAA (2014) methodology, evaluations are conducted blindly. The samples 
were evaluated between 08 and 24 hours after roasting. Then, they were ground in a Ditting 

5.5 electric mill (Ditting Maschinen AG, Bachenbulach, Switzerland) to medium/coarse 
grain size. Five cups of each coffee batch were tasted, using a concentration of 8.25 g of 
ground coffee in 150 mL water, in accordance with the midpoint of the balance chart 

(SCAA, 2014). The infusion point of water occurred after the water reached 92.2 - 94.4 ºC. 
The tasters (judges/cuppers) started evaluations when cup temperature reached 55 ºC, 
respecting the time of 4 minutes for tasting after infusion. 

At each evaluation, five cups of coffee were sampled and scored in the range of 0 to 
10 points for each of the following attributes: fragrance/aroma, uniformity, absence of 

defects, sweetness, taste, acidity, body, balance and overall impression. The final score 
represented the sum of the attributes, summarized in a single value from the arithmetic 
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mean among the panelists. Each processing method was evaluated separately. If the coffee 
sample achieves a final score greater than or equal to 80 points, it is classified as a specialty 
coffee. The sensory opinions of the cuppers of each sample were registered during the 

coffee cupping sessions as the beverage nuances of the coffee (Lingle, 2011).   

Yield evaluation 
 
Hulled coffee yield (bags ha

-1
) was evaluated in the 2014/15, 2015/16, and 2016/17 

crop seasons. Each plot was harvested and weighed in the field using a precision balance. 

After that, 3 kg samples were collected, and dried on a cement drying yard with a barge-
type covering until reaching 11-12% moisture, thus obtaining the quotient between field 
coffee and hulled coffee. The hulled coffee yield in 60 kg bags per hectare was determined 

through the following equation: 
 

𝑌𝑖𝑒𝑙𝑑 =
 
𝑢𝑐

𝑛𝑝
 

60
∗ 3.333 ∗ 𝑝𝑟𝑜𝑝                                           (Eq. 1) 

 

where Yield is coffee yield in bags per hectare; uc is uncleaned coffee production 

per plot (kg); np is the number of plants per plot; 3,333 refers to the number of plants per 
hectare; prop is the proportion between hulled coffee and uncleaned coffee expressed in 
percentage; and 60 corresponds to the weight of a bag of hulled coffee in kilograms 

Statistical analysis  
 

The significance of the genotypes effects in each environment was tested 
individually, according to the Cruz and Carneiro (2006) model: 

 

𝑌𝑖𝑗 = 𝑚 + 𝐺𝑖 + 𝐵𝑗 + 𝐸𝑖𝑗                                              (Eq. 2) 
 

where 𝑌𝑖𝑗  refers to observation of the i-th genotype, in the j-th block; 𝑚 is the experimental 

average; 𝐺𝑖   is the effect of the i-th genotype (line effect); 𝐵𝑗  is the j-th block effect; and 

𝐸𝑖𝑗𝑘  is the experimental error that affects all the observations made during the experiment. 

After verifying the homogeneity of variances, combined analysis of variance was 
performed to quantify the effect of the genotype x environment (G x E) interaction, 
according to Cruz and Carneiro (2006) model, as follows in equation: 

 

ijkijjjkiijk EGAAABGmY  /                                       (Eq. 3) 

 

Where ijkY  refers to observation of the i-th genotype, in the k-th block, and in j-th 

environment; 𝑚  is the experimental average; 𝐺𝑖   is the effect of the i-th arabica coffee line 

(genotype) ; 𝐵/𝐴𝑗𝑘   is the effect of the k-th block within the j-th environment; 𝐴𝑗   is the 

effect of the j-th environment; 𝐺𝐴𝑖𝑗  is the effect of the interaction between the i-th genotype 

and the j-th environment; and 𝐸𝑖𝑗𝑘  is the experimental error. The genotype effects were 

considered to be random, while the environmental effect was considered to be fixed. 
To quantify the contribution of the different environments to the genotypes 

performance, the environmental quality index (𝐼𝑗 ) was estimated based on Eberhart and 

Russel (1966), as follows in equation: 
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yyI jj                                                           (Eq. 4) 
 

where 𝐼𝑗  is the environmental quality index; 𝑦𝑗   is the overall average of the genotypes in 

environment 𝑗, and 𝑦  is the overall mean average of the genotypes in all the environments. 

This index allows classification of the environments that have 𝐼𝑗  greater than or equal to 

zero as “favorable”, and environments with negative 𝐼𝑗   as “unfavorable”. 

The broad-sense heritability measures the relative proportion between the genotypic 

and environmental effects on expression of the characteristics, as follows in equation: 
 

ℎ𝑔
2 =

𝜎𝑔
2

𝜎𝑔
2+𝜎𝑒

2                                                          (Eq. 5) 

 

in which ℎ𝑔
2 is the broad sense heritability, 𝜎𝑔

2 is the genotypic variance, 𝜎𝑒
2 is the 

environmental variance.  
The AMMI analysis according to Zobel et al., (1988) combines in a single model 

additive components for the main effects of genotype (gi) and environments (ej), and 

multiplicative components for the effect of GE interaction (geij). The model that describes 
the mean yield of a genotype i in environment j is given by:  

 

𝑌𝑖𝑗 = 𝜇 + 𝑔𝑖 + 𝑎𝑗 +   𝜆𝑘𝛼𝑗𝑘𝛾𝑖𝑘 + 𝛿𝑖𝑗 + 𝑒𝑖𝑗
𝑞
𝑐=1                        (Eq. 6) 

 

Where 𝑌𝑖𝑗  is the beverage quality score of genotype i in environment j, 𝜇 is the overall 

mean; 𝑔𝑖  is the effect of genotype i; 𝑎𝑗  is the effect of environment j; 𝜆𝑘  is the k-th singular 

value of the original matrix interactions (GE); 𝛾𝑖𝑘  is the element corresponding to the i-th 

genotype in the k-th singular vector of the GE matrix column; 𝛼𝑗𝑘  is the element 

corresponding to the j-th environment in the k-th singular vector of the GE matrix row; 𝛿𝑖𝑗  

is the residue not explained by the principal components;𝑒𝑖𝑗 is the average experimental 

error associated with observation, assumed to be independent ε ~N(0, σ2).  

To quantify the genotypes adaptability and stability in different environments, the 
estimator proposed by Lin and Binns (1988) was interpreted as follows in equation:  

              

n

MX

P

j

n

j

ij

i
2

)( 2

1






                                                     (Eq. 7)   

                      

where 𝑃𝑖  is the estimated adaptability and stability of the i-th genotype; 𝑋𝑖𝑗  is the yield of 

the i-th genotype in the j-th environment; 𝑀𝑗   is the maximum response observed among all 

genotypes in the j th environment; and n is the number of environments. This estimator was 

interpreted by considering the decomposition of 𝑃𝑖  into favorable and unfavorable 

environments. The statistical analyses were performed using the software GENES (Cruz, 
2016). 

RESULTS AND DISCUSSION   

 
Individual analyses of variance (ANOVA) were interpreted to quantify the 

experimental accuracy and post-harvest practices (Table 2). The environment of Alta 
Floresta do Oeste, RO (E1) presented higher beverage quality scores compared to Porto 
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Velho, RO (E2), and Rio Branco, AC (E3). This environment of lower mean temperature 
(23.4°) and higher altitude (350 m) was also classified as favorable to beverage quality 

(𝐼𝑗 =4.4). Lower temperatures tend to favor accumulation of sugar in the coffee beans upon 

retarding fruit maturation (Alves et al., 2011; DaMatta et al., 2012). Figueiredo et al. (2018) 

evaluated the beverage quality of C. arabica in three environments with differents altitudes 
and observed that all the environments were suitable for coffee production, although only 
the environment of highest altitude was favorable for production of specialty coffees (ALT 

 920 m). 
Coefficient of variation estimates can be considered low, indicating high 

experimental accuracy and adequate performance of post-harvest procedures (Table 2). 

Lower estimates of the coefficient of variation (CV < 5%) were also observed by Oliveira et 
al., (2013) for the attributes of acidity, body, aftertaste, balance, and overall impression of 
the C. arabica beverage. Souza et al., (2018) observed estimates of coefficients of variation 

higher than those of this study, with a range of 12.1 to 15.7% in the evaluation of ten 
attributes of the Robust Tasting Protocol for 130 C. canephora genotypes. 

The beverage quality is influenced both by the genotype and by the environment 
(Damata et al., 2012; Moreira et al., 2015; Ribeiro et al., 2020). The climate, the soil, the 
coffee management and post-harvest processing are some important factors to the beverage 

quality. Just as the cultive in regions of high temperatures accelerates the fruit ripening 
cycle, the use of irrigation with high doses of nitrogen may reduce the beverage quality by 
accelerating fruit ripening (Martinez et al., 2014). Clemente et al., (2013) evaluated the 

influence of mineral nutrition on the beverage quality of the variety Catuaí Vermelho IAC 
99, observing that only K contributed to an increase in the levels of caffeine, total phenols, 
total sugars, reducers, color index and total acidity. 

The region where coffee is grown in the Western Amazon is subject to the climatic 
types Am and Aw, characterized as typically tropical, humid and hot climates, with small 

annual thermal amplitude and expressive daytime thermal amplitude from May to 
September (Alvares et al., 2013). Coffee is grown in low-lying regions between 95 and 405 
m, average annual air temperatures between 25 and 27°C, with maximum temperatures 

between 30 and 35°C and minimum between 18 and 20°C (Alvares et al., 2013). The Alta 
Floresta D´Oeste environment, which presented a final beverage quality score higher than 
the other environments, has higher altitude (350m) and lower average temperature (Figure 

1), with rainfall similar to that of the other environments (Figure 1). 
Besides environmental effects, genotype is also an important factor for beverage 

quality. The beverage quality scores showed individual heritability estimates ranging from 
0.88 to 0.94, which, according to Cruz and Carneiro (2006) indicates predominance of the 
genotypes effect on the beverage quality expression (Table 2). Carvalho et al. (2016) 

evaluated agronomic characteristics of 33 progenies from the Catucaí group, having 
observed that two progenies showed superior quality compared to the control Catucai 
Amarelo 2SL. Cheng et al. (2016) also observed that beverage quality was influenced by 

both the genotype and the environment. However, the metabolism of coffee is not yet fully 
understood, and it is necessary to consider the unpredictability genotype x environment 

interaction, which must be studied considering each line separately. 
Combined analysis of variance indicated that the effects of the genotype x 

environment interaction (GE) were significant at 1% probability (Table 3). In the 
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occurrence of interaction, the response of the lines must be interpreted individually, due to 
the differential response of beverage quality in the different environments (Cheng et al., 
2016). The G×E interaction also limits the seletion of lines of wide adaptability, since the 

interaction is characterized by changes in the relative performance of genotypes in different 
environments (Cruz and Carneiro, 2006). Mota et al., (2020) when evaluating the cultivars 
Bourbon Amarelo and Catucaí in five environments of Minas Gerais, observed that the 

cultivars presented different profiles of volatile compounds, and different sensorial analyzes 
according to the environment. 

 
 

Table 2. Summary of the mean beverage quality final scores of 21 Coffea arabica lines and four testers 
evaluated in three environments of the Western Amazon. 

 

Lines 
Alta Floresta 

D´Oeste RO (E1) 

Porto Velho 

 RO (E2) 

Rio Branco 

AC (E3) 
Mean

1
 Pi 

2 81.0 79.0 80.3 80 1 
11 79.3 79.0 77.7 79 2 
12 78.0 75.0 78.7 77 3 
20 77.5 75.1 75.1 76 4 

T25 81.7 71.3 73.2 75 5 
13 76.5 75.2 73.5 75 6 
T23 80.0 72.3 71.5 75 7 
T24 81.7 65.6 75.5 74 8 
T22 81.8 67.0 73.3 74 9 
10 75.2 70.5 73.7 73 10 
15 77.7 66.6 73.3 73 11 
5 82.8 60.0 73.9 72 12 

6 77.3 67.3 71.8 72 13 
1 75.3 73.9 66.1 72 14 
7 74.3 70.4 67.3 71 15 
19 72.3 66.0 73.0 70 16 
17 77.9 60.7 71.8 70 17 
16 71.3 61.5 75.0 69 18 
14 72.0 61.3 74.3 69 19 
8 76.2 64.1 65.8 69 20 
3 66.0 64.4 73.2 68 21 

21 70.3 61.7 70.0 67 22 
4 84.7 62.0 60.6 67 23 
18 75.0 60.3 64.9 67 24 
9 69.3 70.3 69.0 61 25 

BQmean  77 68 72 
  

BQmax 85 79 80 
  

BQmin 66 60 61 
  

Ij 4.4 -4.2 -0.1 
  

CV(%) 3.57 3.56 3.68 
  

F  8.54** 18.23** 8.62** 
  

h
2
 0.88 0.94 0.88     

Mean1 : Lines and testers beverage quality final score means, Pi: ranking according to Linn & Binns (1988), BQmean: Mean 

beverage quality final scores, BQmax: Maximum beverage quality final scores, BQmin: Minimum beverage quality final scores, Ij: 

environmental index, CV(%): coefficient of variation in percentage, F: F test of analysis of variance, h2: mean heritability of lines. T22-

T25: commercial cultivars used as testers. Final beverage quality was scored from the sum of each attribute scoring evaluated  

individually, on a scale ranging from 0 to 10. If the coffee sample achieves a final score greater than or equal to 80 points, it is classified 

as a specialty coffee. 

 

The estimated heritability can be considered of medium magnitude (h
2
 =48.58), 

which indicates the existence of the G x E interaction of the complex type (Table 3) 

(Sturion and Resende, 2005). Complex interactions are characterized by changes in the 
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performance of the lines in different environments (Cruz and Carneiro, 2006). The ratio 
between the coefficients of genetic and environmental variation (CVg/Cve) also indicates 
the possibility of obtaining gains from lines selection. According to Ramalho et al. (2000), 

when this ratio is similar or higher than 1, the better the conditions for obtaining gains from 
selection (Table 3). 

 
 

Table 3. Summary of the analysis of variance and estimated genetic parameters of the beverage quality 

final scores of 21 Coffea arabica lines and four testers evaluated in three environments of the Western 

Amazon. 

 

SV DF SS MS F 

Treatments (G) 24 2737.69 114.07 1.94* 
Environment (E) 2 2762.74 1381.37 23.54** 
GxE 48 2815.55 58.65 8.64** 
Residual 150 1018.47 6.79 

 
Total 224 9334.44 

  
Overall mean 72.24 

   
C.V.% 3.61 

   
Genetic parameters 

Genotypic variance 6.16 
   

G x E variance 17.29 
   

Residual variance 6.79 
   

Herdability 48.58 
   

Intraclass correlation 20.36 
   

CVg 3.43 
   

CVg/Cve 0.95 
   

SV: Source of variation, DF: degrees of freedom, SS: sum of squares, MS: mean square, F: F test of analysis of variance, CVg/CVe: 

genetic coefficient of variation / environmental coefficient of variation, CVg: genetic coefficient of variation, ** Significant at 1% 

probability, * Significant at 5% probability. 

 

The biplot of IPCA1 versus beverage quality final scores was interpreted to identify 
the lines of higher adaptability on the x-axis, and higher stability on the y-axis, since the 
most stable lines approach zero on that axis. In that way the lowest scores on the y axis, 

characterize lines with stable performance in all the environments (Dias et al., 2017). Many 
lines had low scores on the y axis, 15, 10, 12, 11, 2, 13, T23 17, 21, 4, 18, 14, 16, 8, 7 and 1. 
However, only a smaller set showed higher stability associated with a higher adaptability, 

interpreted as the highest beverage quality grades (Figure 2). 
The controls T23 Obatã IAC1669-20 1, T24 Acauã and T25 Tupi showed higher 

beverage quality scores and lower stability. The cultivar Obatã IAC 1669-20 of late 

maturation cycle and the cultivar Acauã resistant to water deficit showed higher beverage 
quality compared to cultivar Tupi, usually recommended for cultivation in regions fertile 

soils and mild climate (Carvalho, 2008; Fazuoli et al., 2018). The control T22 Catucaí 
Amarelo 2SL of high productivity in regions of high temperatures had higher beverage 
quality grade in the Alta Floresta D´Oeste – RO (A1) environment (Carvalho et al., 2012; 

Souza et al., 2019). 
The controls T25 Tupi, T24 Acauã and T22 Catucaí Amarelo 2SL showed better 

quality only in the A1 environment (81.7, 81.7, 81.8). The lines 5 and 4 showed similar 

performance of better beverage quality grades in the A1 environment (82.8 and 84.7) and 
scores below 75 points in other environments. 
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Figure 2. Biplot of IPCA1 (82%) versus beverage quality final scores of 21 Coffea arabica lines and 4 testers 

evaluated in three environments of the Western Amazon: Alta Floresta D ´Oeste - RO (E1); Porto Velho – RO 

(E2) and Rio Branco – AC (E3). The lines are identified by numbers and the commercial cultivars by the prefix T 

(testers). 

 
Lines 2, 11 and 12 had also nuances that were appreciated in the evaluations of the 

beverage quality. The line 2 had nuances described as exotic, fruity, sweet, and citric. The 

line 11 had the nuances of fruity, citric, and sweet, and the line 12 and 13 had citric 
nuances. Complexies sensory descriptors were not associated with higher beverage quality 
scores and sweetness was the sensory descriptor with the greatest impact on the beverage 

quality. In the literature the nuances of fruity,  caramel, chocolate, floral and sweet are 
associated with better beverage quality (Scholz et al., 2013; Moreira et al., 2015). 

The selection of plants for the development of new cultivars may consider a set of 
favorable agronomic characteristics (Botelho et al., 2010). To select lines of higher 
beverage quality and also of higher productivity, the selection was made considering the 

beverage quality and the three-year average productivity, evaluated by Souza et al. (2019) 
(Figure 3). The A and C quadrants represent the lines that have divergent perfomance to 
beverage quality and yield, whether because they exhibited low beverage quality and high 

mean yield (Quadrant A) or because they exhibited high beverage quality and low mean 
yield (Quadrant C) (Figure 3).  

The line 20 and the control T25 were classified in quadrant C of good beverage 

quality and low productivity (below 30 bags ha
-1

). Despite its higher beverage quality score, 
the control T25 (Obatã IAC1669-20) showed lower productivity than the control T22 

(Catucai Amarelo 2SLCAK), which was considered as the best control for associating 
higher beverage quality and productivity (36.90 bags ha

-1
) (Figure 3). 
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The quadrants of convergent performance are those that exhibited high beverage 
quality and high mean yield (Quadrant B), and low beverage quality and low mean yield 
(Quadrant D). Of the twenty-one evaluated lines, thirteen (62%) were grouped in quadrant 

D of low productivity and low quality of the drink. These genotypes showed low 
adaptability to environments and should not be considered for cultivation in the Western 
Amazon. Beksisa et al., (2018), evaluating the GxA interaction of C. arabica productivity in 

8 environments in Ethiopia, also observed only two superior lines, with the environment 
being the most relevant factor in productivity (42.75%). Bonomo et al. (2004) evaluated 28 
F3 progenies from crosses between Timor Hybrid, Catuaí Vermelho and Catuaí Amarelo, in 

which six progenies had superior performance for a set of agronomic traits. 
 

 
Figure 3. Biplot of the mean three years coffee yield and the beverage quality scores of 21 Coffea arabica lines 

and four testers evaluated in three environments of the Western Amazon: Alta Floresta D ´Oeste - RO (E1); Porto 

Velho – RO (E2) and Rio Branco – AC (E3). The lines are identified by numbers and the commercial cultivars by 

the prefix T (testers). Quadrant A(+)(-): low beverage quality final scores and high coffee yield, Quadrant B 

(+)(+): high beverage quality final scores and high coffee yield, Quadrant C(-)(+): high beverage quality final 

scores and low coffee yield, Quadrant D(-)(-): low beverage quality final scores and low coffee yield. 

 
Lines 2, 11 and 12 were grouped in Quadrant B, differing from other genotypes, 

with average yields of 30.34, 34.75 and 41.42 bags per hectare and final beverage quality 

grades of 80, 79 and 77 in all environments, having better performance than the best control 
(T22-Catuaí Amarelo 2SL) of 36.90 bags ha

-1
 and beverage quality score of 74 in the 

environments. Zaidan et al. (2017) evaluated the C. arabica beverage quality in 14 

municipalities of Minas Gerais, with altitudes ranging from 600 to 1200 m, in which they 
observed the higher beverage quality of the cultivar Catuaí Amarelo at altitudes near to 700 
m. Dias et al., (2017) selected two superior C. arabica lines from 10 progenies evaluated in 

13 environments. 
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Negative correlation estimates between two characteristics of interest can hinder the 
selection of plants seeking to increase both characteristics simultaneously (Dias et al., 
2004). Coffee yield and beverage quality showed a correlation estimate of 0.30, which is 

not significant according to the t test at 5% probability. Other studies also indicate that the 
correlation between coffee yield and beverage quality is low, or nonexistent (Freitas et al., 
2020). In C. canephora, Dalazen et al., (2020) observed that the most cultivated clones in 

the state of Rondônia due to their higher productive potential, show little difference in 
beverage quality. Selecting clones in the same region, Teixeira et al. (2020) also did not 
observe an association between coffee yield and beverage quality. 

The adaptation of genotypes to specific environments is essential for the 
development of new cultivars (Cargnin et al., 2006). The lines 2, 11 and 12 are in the fifth 

generation of self-fertilization (F5) of the Coffee Genetic Improvement Program, from 
crosses between commercial cultivars carried out by EPAMIG and UFV. These lines were 
selected to advance generations for the development of new varieties. 

CONCLUSIONS 
 
The environment of Alta Floresta do Oeste (A1), was favorable for beverage quality 

with means of up to 5 points higher in the beverage quality scores.  
The estimates of genetic parameters indicated a predominance of the genetic 

component in the expression of the beverage quality and a tendency of the selected lines to 

maintain their genetic superiority in different environments of the Western Amazon. 
Among those genotypes of higher beverage quality only the lines 2 (H419-10-6-2-

1-6), 11 (H514-7-10-6-2511), and 12 (H514-7-10-6-9) also had higher productivity. 

ACKNOWLEDGMENTS 
 
The authors thank the Conselho Nacional de Desenvolvimento Científico e 

Tecnológico (CNPq) and the Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior - Brasil (CAPES) - Finance Code 001 for a scholarship grant. We also gratefully 
acknowledge the Consórcio Pesquisa de Café (CPC) for financial support. 

CONFLICTS OF INTEREST 
 

The authors declare no conflict of interest. 

REFERENCES 
 

Alvares CA, Stape JL, Sentelhas PC, Gonçalves JLM, et al. (2013). Koppen‟s climate classification map for Brazil. 

Meteorol. Z.22: 711-728. 

Alves HMR, Volpato MML, Vieira TGC, Borém FM, et al. (2011). Características ambientais e qualidade da bebida dos 

cafés do estado de Minas Gerais. Informe Agropecuário. 32: 18-29.  

Beksisa L, Alamerew S, Ayano A and Daba G (2018). Genotype environment interaction and yield stability of Arabica 

coffee (Coffea arabica L.) genotypes. Afr. J. Agric. Res. 13: 210-219.  

Bonomo P, Cruz CD, Viana JMS, Pereira AA, et al. (2004). Avaliação de progênies obtidas de cruzamentos de 

descendentes do Híbrido de Timor com as cultivares Catuaí Vermelho e Catuaí Amarelo. Bragantia. 63: 207-219. 

Botelho CE, Rezende JC, Carvalho GR, Carvalho AM, et al. (2010). Adaptabilidade e estabilidade fenotípica de 

cultivares de café arábica em Minas Gerais. Pesqui. Agropecu. Bras. 45: 1404-1411. 



©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 20 (2): gmr18809 

 
 

 

 

 
 

 

 

C.A. Souza
 
et al.                                                                          14 

 

Cargnin A, Souza MAD, Carneiro PCS and Sofiatti V (2006). Interação entre genótipos e ambientes e implicações em 
ganhos com seleção em trigo. Pesqui. Agropecu. Bras. 41: 987-993. 

Carvalho AM de, Mendes ANG, Botelho CE, Baião ACO, et al. (2012). Desempenho agronômico de cultivares de café 

resistentes à ferrugem no Estado de Minas Gerais, Brasil. Bragantia.71: 481-487. 

Carvalho AMD, Mendes ANG, Rezende FV, Botelho CE, et al. (2016). Seleção de progênies de cafeeiros do grupo 

catucaí. Coffee Sci. 11: 244-254. 

Carvalho CD (2008). Cultivares de café: origem, características e recomendações. 1st edn. Embrapa Café, Brasília. 

Cheng B, Furtado A, Smyth HE and Henry RJ (2016). Influence of genotype and environment on coffee quality. Trends 

food sci. technol. 57: 20-30.  

Clemente JM, Martinez HEP, Alves LC and Lara MCR (2013). Effect of N and K doses in nutritive solution on growth, 

production and coffee bean size. Rev. Ceres. 60: 279-285. 

Czerny M, Mayer F and Grosch W (1999). Sensory study on the character impact odorants of roasted arabica coffee. J 

Agric Food Chem. 47: 695-9 

Cruz CD and Carneiro PCS (2006). Modelos biométricos aplicados ao melhoramento genético.1 st edn Editora 

Universidade Federal de Viçosa, Viçosa. 

Cruz CD (2016). Genes Software - Extended and integrated with the R, Matlab and Selegen. Acta Sci. Agron. 38: 547-

552. 

Dalazen JR, Rocha RB, Pereira LL, Espindula MC, et al. (2020). Beverage quality of most cultivated Coffea canephora 

clones in the Western Amazon. Coffee Sci. 15: e151711. 

DaMatta F, Cavatte P and Martins S (2012). Coffee physiology: growth, yield and quality. In: Specialty Coffee: 

Managing Quality (O. Peter Läderach, J. Pohlan and JH Cock, eds). International Plant Nutrition Institute, 

Norcross.  

Dias LADS, Picoli EADT, Rocha RB and Alfenas AC (2004). A priori choice of hybrid parents in plants. Genet. Mol. 

Res. 3: 356-368 

Dias RB, Carvalho GR, Botelho CE, Carvalho AM, et al. (2017). Adaptability and phenotypic stability of F4 progenies 

of Coffea arabica l. Coffee Sci. 12: 508-516.  

Eberhart ST and Russell W (1966). Stability parameters for comparing varieties 1. Crop Sci. 6: 36-40.  

Fazuoli LC, Braghini MT, Silvarolla MB, Gonçalves W, et al. (2018). IAC Obatã 4739-dwarf arabic coffee cultivar with 

yellow fruits and resistant to leaf rust. Crop Breed. Appl. Biotechnol. 18: 330-333.  

Figueiredo LP, Borém FM, Ribeiro FC, Giomo GS, et al. (2018). Sensory analysis and chemical composition of 

„bourbon‟ coffees cultivated in different environments. Coffee Sci. 13: 122-131.  

Freitas AFD, Nadaleti DHS, Silveira HRDO, Carvalho GR, et al. (2020). Productivity and beverage sensory quality of 

arabica coffee intercropped with timber species. Pesq. Agropec. Bras. 55: e02240  

Lin CS and Binns MR (1988). A superiority measure of cultivar performance for cultivar × location data. Can. J. Plant 

Sci. 68: 193-198.  

Lingle TR (2011). The coffee cupper´s handbook: systematic guide to the sensory evaluation of coffee´s flavor. 4st edn. 

Specialty Coffee Association of America, Long Beach. 

Marcolan A, Ramalho A, Mendes A, Teixeira C, et al. (2009). Cultivo dos cafeeiros Conilon e Robusta para Rondônia. 

Porto Velho: Embrapa Rondônia. Sistema de produção. Available from: 

http://www.sapc.embrapa.br/arquivos/consorcio/publicacoes_tecnicas/sp33-cafe.pdf > Accessed: December 18, 

2020.  

Martinez HEP, Clemente JM, Lacerda JSd, Neves YP, et al. (2014). Nutrição mineral do cafeeiro e qualidade da bebida. 

Rev. Ceres. 61: 838-848. 

Moat J, Williams J, Baena S, Wilkinson T, et al. (2017). Resilience potential of the Ethiopian coffee sector under climate 

change. Nature Plants. 3: 17081.  

Moraes MS, Rocha RB, Teixeira AL, Espindula MC, Silva CA,  et al. (2020). Adaptability and stability of Coffea 

canephora Pierre ex Froehner genotypes in the Western Amazon. Ciênc Rural. 50: e20190087. 

Moreira FS, Baiao ACO, Pereira A, Sobreira MFS, et al. (2015). Sensory quality of arabica coffee (Coffea arabica) 

genealogic groups using the sensogram and content analysis. Aust. J. Crop Sci. 9: 486-498.  

Mota MCB, Batista NN, Rabelo, MHS, Ribeiro DE, et al. (2020). Influence of fermentation conditions on the sensorial 

quality of coffee inoculated with yeast. Food Res. Int. 136: 109482-109493.  

Oliveira PD, Borém FM, Isquierdo EP, Silva GG, et al. (2013). Aspectos fisiológicos de grãos de café, processados e 

secados de diferentes métodos, associados à qualidade sensorial. Coffee Sci. 8: 211-220.  

Osiru MO, Olanya OM, Adipala E, Kapinga R, et al. (2009). Yield Stability Analysis of Ipomoea batatus L. cultivars in 

diverse environments. Austr. J. Crop Sci. 3: 213-230. 

Partelli FL, Partelli O, Partelli AS, Borém FM, et al. (2014). Quality of conilon coffee dried on a concrete terrace in a 

greenhouse with early hulling. Semina: Ciêncs. Agrár. 35: 2367-2372.  

Ramalho M, Santos JB and Pinto CABP (2000). Genética na Agropecuária. 2st end. Editora UFLA, Lavras. 

Rendón MY, Salva TdJG and Bragagnolo N (2014). Impact of chemical changes on the sensory characteristics of coffee 

beans during storage. Food Chem. 147: 279-286.  



Genetics and Molecular Research 20 (2): gmr18809 

 

 

 

©FUNPEC-RP www.funpecrp.com.br 

 
 

 

 

 
 

 

Sensory profile of Coffea arabica lines in the Western Amazon                                     15 

 
 

Ribeiro BB, Mendes ANG, Carvalho MA, Câmara FMM, et al. (2020). Sensory evaluation of coffee cultivars in the 
Campo das Vertentes Mesoregion, Minas Gerais. Afr. J. Agric. Res. 15: 179-186. 

Rocha RB, Laviola BG, Silva SAD. Juház, ACP, et al. (2016). Adaptabilidade e estabilidade de progênies de meios-

irmãos de pinhão-manso em diferentes regiões do Brasil. Ver. Ceres. 63: 174-182. 

Rodrigues WP, Martins MQ, Fortunato AS, Rodrigues AP, et al. (2016). Long‐term elevated air [CO2] strengthens 

photosynthetic functioning and mitigates the impact of supra‐optimal temperatures in tropical Coffea arabica and 

C. canephora species. Global change biol. 22: 415-431. 

Santos RVM d, Vieira HD, Borém FM and Prado MVB (2017). Multivariate statistical applied to data costs post-harvest 

coffee, Coffee Sci .12: 223-230.  

SCAA - Specialty Coffee Association of America (2014). SCAA Protocols - Cupping Specialty Coffee. SCAA, 1-7. 

Santa Ana. Available at: [http://www.scaa.org]. 

Schmildt ER, Lima NA, Damião CC, Oliveira JAR, et al. (2011). Avaliação de metodologias de adaptabilidade e 

estabilidade de cultivares milho, Acta Sci., Agron. 33: 51-58.  

Scholz MBS, Silva JVN, Figueiredo VRG d and Kitzberger CSG (2013). Atributos sensoriais e características físico-

químicas de bebida de cultivares de café do IAPAR. Coffee Sci. 8: 6-16.  

Souza CAd, Rocha RB, Alves EA, Teixeira AL, et al. (2018). Characterization of beverage quality in Coffea canephora 

Pierre ex A. Froehner. Coffee Sci. 13: 210-218.  

Souza CAd, Teixeira AL, Torres JD, Silva CA, et al. (2019). Adaptability and stability of Coffea arabica lines in the 

Western Amazon. Coffee Sci. 14: 240 - 249.  

Sturion JA and Resende MDV (2005). Eficiência do delineamento experimental e capacidade de teste no melhoramento 

genético da erva-mate (Ilex paraguariensis St. Hil.). Pesqui. Florest. Bras. 50: 3-10.  

Sunarharum WB, Williams DJ and Smyth HE (2014). Complexity of coffee flavor: a compositional and sensory 

perspective. Food Res. Int. 62: 315-325.  

Teixeira AL, Medina Filho HP, Bordignon R and Rocha RB (2014). Yield, maturation, and beverage quality of arabica 

coffee progenies under selection in Rondonia state, Brazil. Afr. J. Agric. Res. 9: 2854-2861. 

Teixera AL, Souza FF, Pereira AA, Oliveira ACB, et al. (2013). Performance of arabica coffee cultivars under high 

temperature conditions. Afr. J. Agric. Res. 8: 4402-4407.  

Teixeira AL, Souza FDF, Pereira AA, Oliveira ACBD, et al. (2015). Selection of arabica coffee progenies tolerant to 

heat stress. Ciênc. Rural. 45: 1228-1234.  

Teixeira AL, Rocha RB, Espindula MC, Ramalho AR, et al. (2020). Amazonian Robustas - new Coffea canephora 

coffee cultivars for the Western Brazilian Amazon. Crop. Breed. Appl. Biotechnol. 20: e323420318 

Zaidan, UR, Correa PC, Ferreira WPM and Cecon PR (2017). Environment and variety influence on coffee quality of 

“Matas de Minas”. Coffee Sci. 12: 240-247. 

Zobel RW, Wright MJ and Gauch HG (1988). Statistical analysis of a yield trial. Agron J. 80: 388-393. 


