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Abstract: The Coffea canephora species has been gaining prominence in national coffee production due 

to its high productive potential, adaptability, and beverage quality potential. Productive genotypes 

and clones of Coffea canephora with sensory quality adapted to irrigated systems in the Savanna region 

are pressing demands, aligned with technological innovation. In this context, the aim of this study 

was to characterize Coffea canephora (Conilon) clones based on agronomic and chemical traits of the 

beans and to assist in selecting promising materials for use in the genetic improvement program of 

irrigated Coffea canephora in the Savanna. During the 2019/20 and 2020/21 harvest seasons, 33 and 35 

Coffea canephora genotypes, respectively, were evaluated for productivity, morpho-agronomic traits, 

and concentrations of chlorogenic acid, sucrose, caffeine, citric acid, and trigonelline in raw beans. 

The data were subjected to cluster analysis based on the Canberra genetic distance matrix, and 

grouping was performed using Ward’s method. The means were subjected to non-parametric 

univariate analysis using the Kruskal-Wallis test. In the first year, five groups were defined, with 

Group G1 showing the best rank numbers for the evaluated traits. In the second year, six groups were 

identified, with Group G6 standing out for morpho-agronomic traits associated with productivity 

and Group G5 excelling in the levels of chemical compounds evaluated, as well as productivity and 

physical grain characteristics. The genotypes L3.L16.P6 (22) and L4.L25.P123 (31), present in the 

groups that stood out in both years, were identified as promising, showing high potential for the 

genetic improvement program of irrigated conilon coffee in the Savanna, in both morphoagronomic 

and grain quality aspects. 

Keywords: Coffea canephora Pierre ex Froehner; plant breeding; genetic resources 

 

1. Introduction 

Brazil stands out on the global stage as the world’s largest coffee producer and the second-

largest producer of Coffea canephora coffee [1]. Among the commercially grown coffee species, Coffea 

canephora (Pierre ex Froehner) has gained prominence in the national coffee industry, primarily due 

to its high productive potential, adaptability to new environments, and, more recently, its potential 

for beverage quality. 

Currently, various studies have been focused on the introduction of Coffea canephora in areas 

previously considered unsuitable for its cultivation, either as an alternative for Arabica coffee 

producers, who already have harvesting and post-harvesting infrastructure, or as an innovation for 

regions with altitudes and edaphoclimatic conditions different from those where the crop is 

traditionally established, such as the Central Savanna [2]. 

The edaphoclimatic conditions of the Savanna region allow for the production of high-quality 

coffee, as the harvest period coincides with the mid-year dry season, reducing the risk of undesirable 

fermentation, particularly during the drying process [3]. Additionally, the possibility of irrigation 
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and the use of region-specific technologies, such as controlled water stress to synchronize flowering, 

increase the likelihood of a higher proportion of ripe cherries at harvest [4]. Improvements in the 

irrigated coffee production system in the Savanna are also evident in the reduction of malformed 

beans and lower harvesting costs. 

However, the body of knowledge regarding Coffea canephora production technology in the 

Savanna still requires extensive research across various technical and scientific fields, particularly in 

genetic improvement. Studies are underway to identify more productive genotypes and clones with 

superior agronomic traits, higher concentrations of chemical components related to quality, and 

better adaptation to irrigated systems [5,6]. These aspects represent urgent demands aligned with 

technological innovation and producers’ needs. Therefore, a deeper understanding of Coffea canephora 

genetic resources is crucial, particularly elite genotypes developed in breeding programs. 

In this context, the objective of this study was to characterize Conilon coffee clones based on 

agronomic and chemical traits of the beans and, through multivariate analysis and non-parametric 

tools, support the selection of promising materials for quality and competitiveness to be incorporated 

into the breeding program for irrigated Conilon coffee in the Savanna. 

2. Materials and Methods 

The study was conducted at the experimental field and the Food Science and Technology 

Laboratory of Embrapa Cerrados. Clones from the elite coffee collection of the species Coffea 

canephora, botanical variety Conilon, were evaluated. The mother plants originated from an open-

pollination field of clones from Incaper - ES, followed by the production of seminal seedlings from 

the Robusta Tropical cultivar (EMCAPA 8151) [7]. 

After an initial selection cycle at the unit, the cloned genotypes were established in February 

2017 at the experimental field of Embrapa Cerrados in Planaltina, Federal District, located at 15°35′57″ 

South latitude, 47°42′38″ West longitude, and an altitude of 1,007 m, on a typical dystrophic Red 

Latosol with clay texture, irrigated by a central pivot system. The region’s climate is classified as Aw 

according to the Köppen-Geiger climate classification. Irrigation management followed the Savanna 

Irrigation Monitoring Program proposed [8]. To synchronize flowering, water stress management 

was applied [9]. 

Soil preparation included liming with two tons of dolomitic limestone per hectare, divided into 

equal doses—one applied before plowing and the other before harrowing—to increase base 

saturation to 60%, along with the application of two tons of agricultural gypsum. At planting, 120 g 

of triple superphosphate, 50 g of magnesium thermophosphate (Yoorin®), and 24.5 g of 

micronutrients (FTE BR 12) were added per planting hole. Maintenance fertilization consisted of 450 

kg ha⁻¹ of nitrogen (urea), 450 kg ha⁻¹ of K₂O (potassium chloride) applied in four equal portions in 

September, December, February, and March, and 300 kg ha⁻¹ of P₂O₅ (simple superphosphate) 

applied in two-thirds in September and one-third in December. 

In the experimental field, 43 genotypes were planted with a spacing of 3.5 m between rows and 

0.5 m between plants, with plots ranging from 1 to 10 cloned plants in a completely randomized 

design. For the evaluations, up to three plants from each genotype were randomly selected. 

For the morphoagronomic analyses, the following traits were evaluated on the same plants over 

two consecutive years: plant height, and the number of vegetative and reproductive nodes on the 

plagiotropic branches in December 2019, as well as plant height, the number of nodes on plagiotropic 

branches, the number of plagiotropic branches, the length of the plagiotropic branches, the length of 

the internodes of the plagiotropic branches, and the length of the internode of the orthotropic branch 

in December 2020. Evaluations were performed in the middle third of the plant using two 

plagiotropic branches from each plant, one on the east side and the other on the west side, with a tape 

measure and a caliper. The average of these measurements was used for analysis. 

For yield, income, and chemical analyses, coffee beans were harvested manually in 2020 and 

2021. For the chemical analysis, only fruits in the cherry stage were selected. After harvest, the fruits 

were processed via dry processing on a conventional drying area, being turned daily for uniform 
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drying. The moisture content of the fruits was monitored weekly with a Multi-GrainTM moisture 

meter from DICKEY-john. When the moisture content reached 11%, the fruits were removed from 

the drying area. The dried fruits were stored in paper bags and kept in a cold chamber at 5°C until 

the time of analysis. 

The samples were weighed, processed (hulled), and weighed again to determine the yield of 

cherry coffee beans into processed coffee (income). Productivity was extrapolated according to the 

plant spacing, and the grain moisture was corrected to 13%. Income was calculated by dividing the 

mass after processing by the mass of the beans before processing. Moisture content was determined 

with a GEHAKA G610i meter. 

For chemical analyses, defects were removed from the beans to minimize environmental 

interference. The beans of each sample were then ground in a hammer mill, sieved through a 20 mesh 

sieve, and dried in an oven at 40°C until a constant weight was achieved for chemical analysis. From 

the prepared samples, the levels of sucrose, caffeine, trigonelline, chlorogenic acid (caffeoylquinic 

acid – 5-ACQ), and citric acid were determined using Near-Infrared Spectroscopy (NIRS). The spectra 

were collected using a FOSS spectrophotometer. The samples were analyzed by reflectance in the 

spectral range between 1108 and 2492.8 nm, with spectra obtained as averages of three scans using 

the ISIscan spectroscopy software version 2.85 (Infrasoft International LLC, State College, PA, USA). 

For data analysis, 33 genotypes were evaluated in the 2019/20 crop year and 35 genotypes in the 

2020/21 crop year. In order to include all genotypes in the analysis, including those with fewer than 

one plant, the means of all variables from all genotypes were used for each year. The data were 

subjected to cluster analysis based on the Canberra genetic distance matrix, obtained by summing 

the differences between two points, a weighted version of the Manhattan distance [10], and the 

Ward’s method was used as the clustering criterion. 

The stop point of the clustering algorithm (cut of the dendrogram) to fix the number of groups 

was determined based on the average genetic distance between the genotypes. To estimate the fit 

between the distance matrix and the dendrogram generated, the cophenetic correlation coefficient (r) 

between the original genetic distances and those represented by the dendrogram among genotype 

pairs was calculated, as per [11]. 

After the clusters were generated, they became a new source of variation. The means were then 

subjected to univariate non-parametric Kruskal-Wallis analysis, as the assumptions of normality and 

homogeneity of variance required by the F-test of variance analysis were not met. All statistics were 

performed using the [12] free software, with the help of the PerformanceAnalytics, FactoMineR, 

ExpDes.pt, and cluster packages. 

3. Results 

For the 2019/2020 harvest year, the cluster analysis resulted in the formation of five distinct 

groups based on the classification of the 33 genotypes analyzed: G1 (composed of 7 genotypes), G2 

(9 genotypes), G3 (6 genotypes), G4 (4 genotypes), and G5 (7 genotypes), as shown in Figure 11. The 

value of the cophenetic correlation coefficient (r), which was significant (p ≥ 0.05), was 0.58, as 

presented in (Figure 1). 
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Figure 1. Cluster analysis of 33 conilon coffee genotypes based on the genetic dissimilarity matrix calculated by 

Canberra distance, using morphoagronomic and chemical quality traits for the 2019/20 crop year. The Ward 

method was used as the clustering criterion. The cophenetic correlation coefficient (r) value is 0.58. Planaltina, 

Federal District, 2023. 

The results obtained indicated significant differences between groups G1 to G5 for the evaluated 

traits (Table 1). In terms of the number of nodes on the plagiotropic branch, group G1 showed the 

highest average (25.57), while G2 (15.11) and G5 (10.71) had the lowest values (Table 1). 

Regarding height, groups G3 (144.94 cm) and G4 (145.75 cm) were the most vigorous, while G2 

and G5 presented the lowest values (Table 1). 

For yield, G4 stood out with the highest average production (7132.65 kg/ha), followed by G1 

(6977.84 kg/ha), group G2, on the other hand, had the lowest yield (3535.67 kg/ha) (Table 1). 

For the income percentage (5-ACQ), G4 (26.00%) and G1 (24.14%) led, while G2 had the lowest 

percentage (8.89%) (Table 1). 

In terms of chemical components, groups G1 and G5 had the highest sucrose content, 5.66% and 

5.52%, respectively (Table 1). G4 and G5 showed the highest caffeine levels (2.03% and 2.01%), while 

G1 (1.77%) and G3 (1.81%) had the lowest values (Table 1). 

For trigonelline, G1 (1.51%) and G5 (1.40%) had the highest contents, while G3 (1.17%) and G2 

(1.21%) had the lowest (Table 1). 

Table 1. Non-parametric Kruskal-Wallis analysis of conilon coffee genotypes using morpho-agronomic traits 

and chemical quality characteristics for the 2019/20 harvest year. Planaltina,Federal District, 2023. 

L
3
.L

1
3
.P

3
9

L
2
.L

1
6
.P

5
1

L
1
.L

7
.P

8
0

L
3
.L

1
9
.P

2
8

L
2
.L

2
5
.P

1
2
3

L
3
.L

1
6
.P

6

L
4
.L

2
5
.P

1
2
3

L
2
.L

2
.P

2
4

L
4
.L

1
0
.P

2
2

L
1
.L

1
1
.P

2
0

L
3
.L

1
6
.P

1
1
2

L
1
.L

8
.P

6
0

L
2
.L

2
1
.P

2
0

L
1
.L

4
.P

1
3
9

L
2
.L

2
8
.P

1
0
0

L
2
.L

2
.P

4
2

L
4
.L

2
8
.P

.1
0
0

L
4
.L

1
5
.P

1

L
2
.L

6
.P

3
5

L
4
.L

2
1
.P

2
2

L
2
.L

8
.P

4
2

L
4
.L

1
1
.P

5
7

L
3
.L

1
6
.P

5
1

L
4
.L

1
7
.P

6

L
4
.L

2
.P

2
1

L
4
.L

8
.P

7
9

L
1
.L

1
6
.P

1
1
2

L
1
.L

8
.P

5
9

L
4
.L

2
4
.P

1
3
9

L
4
.L

6
.P

3
5

L
4
.L

1
1
.P

5
5

L
4
.L

2
1
.P

2
0

L
4
.L

3
.P

2
4

2
4

6
8

1
0

1
2

1
4

Cluster Dendrogram

hclust (*, "ward.D2")

d

H
e

ig
h

t

GROU

P 
 

OUTTURN (%) 
  

NUMBER OF NODES IN THE PLAGIOTROPIC 

BRANCH   
HEIGHT (cm) 
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GE 
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RANK   

 

AVERA

GE 
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K   

G1 
63,34 25,57 

a  

19,86 19,00 
b  

137,67 18,50 

a

b 

G2 58,55 15,11 b  16,48 9,50 c  126,96 11,44 b 

G3 59,13 15,50 b  21,94 28,25 a  144,94 23,42 a 

G4 
60,86 19,50 

a

b 

 

18,25 13,50 
bc  

145,75 24,25 
a 

G5 56,66 10,71 b   18,74 17,00 bc   126,62 13,00 b 
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Means followed by the same letter vertically do not differ according to the Kruskal-Wallis test at a 5% probability 

level. *Values in parentheses correspond to the yield in 60 kg bags of processed coffee per hectare. 5-ACQ = 5-

caffeoylquinic acid. 

For the 2020/21 crop year, cluster analysis grouped the 35 genotypes into six distinct clusters: G1 

(4 genotypes), G2 (4 genotypes), G3 (6 genotypes), G4 (10 genotypes), G5 (7 genotypes), and G6 (4 

genotypes) (Figure 2). The cophenetic correlation coefficient (r) showed a significant value (p ≥ 0.05), 

indicating a correlation of 0.51. It is noteworthy that the genotypes were not necessarily grouped in 

the same clusters as in the previous year, reflecting potential changes in the analyzed traits or the 

genotype × environment interaction. 
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Figure 2. Cluster analysis of 35 conilon coffee genotypes based on the genetic dissimilarity matrix calculated 

using the Canberra distance, considering morpho-agronomic and chemical quality traits during the 2020/21 crop 

year. The Ward method was applied as the clustering criterion. The cophenetic correlation coefficient (r) is 0.51. 

Planaltina, Federal District, 2023. 

By the non-parametric Kruskal-Wallis analysis, a significant difference at a 5% probability level 

was observed among the groups generated by the cluster analysis for all traits, except for the 

internode length of the orthotropic branch (Table 2). 

The results of the analysis showed that, for the characteristic “height,” group G3 had the highest 

average (194.50 cm) with a ranking of 30.00, followed by G1 with 189.08 cm and a ranking of 27.00, 

while group G6 had the lowest average (160.83 cm) and the lowest ranking (5.88) (Table 2). 

Regarding the plagiotropic branch length, group G4 stood out with 83.03 cm, achieving a 

ranking of 28.00, while G6 had the lowest average (66.42 cm) and a ranking of 6.00 (Table 2). 

The plagiotropic branch internode length showed the best performance in group G2 (4.96 cm), 

with a ranking of 32.38, followed by groups G3 (3.83 cm, ranking 21.08) and G1 (3.29 cm, ranking 

10.75) (Table 2). 

For the orthotropic branch internode length, G2 had the highest average (4.75 cm) and a ranking 

of 23.63, followed by G1 (4.46 cm, ranking 22.75) (Table 2). 

The number of nodes on the plagiotropic branch was highest in group G4 (23.13), which 

achieved a ranking of 26.10, while group G6 had the lowest average (17.25) and a ranking of 8.38 

(Table 2). 

The number of plagiotropic branches was greatest in group G1 (43.67, ranking 28.63), followed 

by G3 (41.00, ranking 25.33), while G6 had the lowest average (33.54) and a ranking of 6.38 (Table 2). 

Table 2. Non-parametric Kruskal-Wallis analysis of conilon coffee genotypes using morpho-agronomic and 

chemical quality traits for the 2020/21 crop year. Planaltina, Federal District, 2023. 
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G1 189,08 27,00 a  68,67 7,50 c  3,29 10,75 b 

G2 168,25 9,50 bc  69,42 9,63 c  4,96 32,38 a 

G3 194,50 30,00 a  75,89 19,67 b  3,83 21,08 ab 

G4 178,02 17,05 b  83,03 28,00 a  3,59 17,90 b 

G5 176,24 15,71 b  72,71 19,93 b  3,52 15,36 b 
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G6 160,83 5,88 c   66,42 6,00 c   3,27 11,13 b 

            

GROUP 

ORTHOTROPIC 

BRANCH 

INTERNODE 

LENGTH (cm) 

  
NUMBER OF NODES  

ON THE PLAGIOTROPIC BRANCH 
 

  
NUMBER OF PLAGIOTROPIC  

BRANCHES 

 AVERAGE RANK    AVERAGE RANK    AVERAGE RANK   

G1 4,46 22,75 a  19,08 12,63 bc  43,67 28,63 a 

G2 4,75 23,63 a  17,42 9,50 c  36,33 13,88 cd 

G3 3,61 14,67 a  19,67 14,92 bc  41,00 25,33 ab 

G4 4,09 19,60 a  23,13 26,10 a  37,97 17,70 bc 

G5 3,88 17,36 a  21,33 22,50 ab  36,71 15,07 cd 

G6 3,31 9,75 a   17,25 8,38 c   33,54 6,38 d 

Averages followed by the same letter in the vertical column do not differ from each other according to the 

Kruskal-Wallis test at a 5% probability level. 

The 2020/21 harvest showed a 40% lower performance compared to the previous harvest, 

possibly due to bienniality, an intrinsic characteristic of coffee plants due to their phenology. Group 

G6 achieved the highest ranking with an average of 2938.28 kg/ha, differing only from group G1 

(Table 3). 

The 2020/2021 harvest results show that genotype G5 stood out in terms of productivity and 

quality, with the highest yield (2744.41 kg/ha) and the best averages in several chemical 

characteristics, including sucrose (54.63%), citric acid (0.68%), trigonelline (1.33%), chlorogenic acid 

(4.31%), and caffeine (2.4%) (Table 3). 

This superior performance makes G5 the most balanced genotype in terms of production and 

quality. Genotype G6, with the highest yield (2938.28 kg/ha), also showed good results in caffeine 

(2.41%) and trigonelline (1.17%), although it did not stand out as much in the other chemical 

characteristics (Table 3). 

Genotype G3 achieved the highest average sucrose (58.17%) and showed good results in 

trigonelline (1.11%) and chlorogenic acid (3.91%), but did not perform as well in terms of yield. G2 

achieved significant values in sucrose (54.04%) and chlorogenic acid (4.7%), with good production 

(2546.92 kg/ha), but did not perform as highly as G5 and G6. G4 showed lower results compared to 

the others, especially in terms of yield (1849.17 kg/ha) and quality, with lower values of sucrose 

(51.74%) and trigonelline (1.02%), as well as caffeine (2.24%), placing it at a less favorable position 

relative to the other genotypes (Table 3). 

Table 3. Non-parametric Kruskal-Wallis analysis of conilon coffee genotypes using data on productivity, yield 

of processed coffee (RENDER), percentage of beans with sieve size greater than 16, percentage of defective beans, 

and levels of sucrose, caffeine, trigonelline, citric acid, and chlorogenic acid (5-ACQ) in the 2020/21 harvest year. 

Planaltina, Federal District, 2023. 

GROU

P 
Yield* (kg/ha) OUTTURN (%) SUCROSE (%) CITRIC ACID (%) 

 
AVERAG

E 
RANK   

AVERA

GE 
RANK   

AVERA

GE 
RANK   

AVERA

GE 

RAN

K 
  

G1 
1677,26 

(28) 
11 b 48,51 10,75 b 3,84 7,25 b 0,41 12,75 bc 
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G2 
2546,92 

(43) 
17 ab 54,04 18,75 ab 4,7 26 a 0,66 23,25 ab 

G3 
1906,31 

(32) 
16,08 ab 58,17 29,17 a 4,15 14,5 ab 0,47 14,17 bc 

G4 
1849,17 

(31) 
16,55 ab 51,74 13,1 b 4,27 16,8 ab 0,45 12,6 c 

G5 
2744,41 

(46) 
20,71 ab 54,63 23,29 a 4,7 23,86 a 0,68 28,14 a 

G6 
2938,28 

(49) 
27,75 a 48,28 10,75 b 4,34 18,75 ab 0,53 19,5 

ab

c 

 
GROUP TRIGONELLINE (%) 5-ACQ(%) CAFFEINE (%) 

  

 

 
AVERA

GE 

RAN

K 
  

AVERA

GE 

RAN

K 
  

AVERA

GE 

RAN

K 
  

  

 
G1 1,03 13,5 bc 4,42 23,25 ab 2,21 11 b 

  

 
G2 1,13 18,75 abc 4,16 20,63 ab 2,25 12,38 b 

  

 
G3 1,11 19 abc 3,91 12,17 b 2,38 22 ab 

  

 
G4 1,02 10,4 c 3,94 13,1 b 2,24 13,05 b 

  

 
G5 1,33 27,14 a 4,31 26,29 a 2,4 24,93 a 

  

 
G6 1,17 23,25 ab 4,04 16,63 ab 2,41 24,88 a 

  

Means followed by the same letter in the vertical do not differ from each other by the Kruskal-Wallis test at a 5% 

probability level. *Values in parentheses correspond to the yield in 60 kg bags of processed coffee per hectare 5-

ACQ = 5-caffeoylquinic acid. 

Thus, G5 and G6 stood out for their balance between productivity and quality, while G1 and G4 

showed inferior performance in several characteristics during the 2020/2021 harvest. 

4. Discussion 

The results of the 2019/2020 harvest highlighted the superior performance of groups G1, G3, and 

G4 in terms of productivity and chemical quality, corroborating studies such as those by [13], which 

reported higher yields in cultivars with a greater number of nodes on plagiotropic branches (Table 

1). The high productivity of these groups can be attributed to the adaptation of genotypes to the 

specific conditions of the Savanna, such as irrigation [14] and high altitude [15], and aligns with the 

averages observed by [16] in studies on conilon coffee. 

For the characteristic YIELD, groups G1 and G4 showed the highest average values, implying 

greater efficiency in coffee processing (Table 1). This reflects higher storage capacity and market 

competitiveness, outperforming other Coffea canephora clones [17]. Furthermore, the higher sucrose 

levels in group G1 and the performance of group G5 are consistent with [18], who associated this trait 

with greater sugar synthesis capacity in favorable environments. 

In contrast, the low yield and chemical quality results of group G2 differ from [19], who did not 

observe a direct relationship between shorter plant height and lower yield in coffee cultivars. These 

findings suggest that group G2 should be evaluated with caution due to its limitations. 

In terms of chemical traits, the low caffeine levels in groups G1 and G3, as well as the high 

trigonelline and citric acid levels in groups G1 and G5, indicate genotypes with desirable 

characteristics for producing high-quality coffee (Table 1). However, the high caffeine levels in G4 

and G5 differ from studies such as [20], which associated higher caffeine content with less productive 

plants. These variations may be explained by the genotype x environment interaction, a factor that 

significantly influences the expression of chemical traits. 
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Overall, the results reinforce the importance of considering multiple variables in the selection of 

genotypes for different cultivation systems. Groups G1 and G4 proved promising, combining high 

productivity and chemical quality, making them viable alternatives for high-demand production 

systems. Meanwhile, group G2 requires attention due to its limitations (Table 1). These findings 

highlight the potential for a more sustainable and competitive coffee industry, tailored to market 

demands. 

The analysis of morphoagronomic and quality data of conilon coffee highlights the importance 

of characteristics such as height, branch length, and number of branches for the agronomic 

performance of the plant (Table 2). Previous studies confirm that vegetative growth, an indicator of 

plant vigor, is associated with its ability to adapt to the growing environment [21,22]. Height, in 

particular, reflects not only initial growth but also nutrient absorption efficiency, which is crucial for 

the development of a productive plant. 

Regarding branch length, several studies indicate that greater branching is directly related to 

higher productive capacity, as branches are responsible for fruit formation [23]. This suggests that 

genotypes with longer branches have greater productive potential, which is supported by [24], who 

emphasize the importance of good branch development for conilon coffee productivity. 

On the other hand, the relationship between the number of plagiotropic branches and 

productivity is more complex (Table 2). While some studies suggest that a higher number of branches 

can increase production, others indicate that this factor does not necessarily translate into a direct 

increase in productivity [25]. Excessive branching can lead to internal competition for resources such 

as water and nutrients, which may compromise the plant’s overall development and, consequently, 

its production. 

Furthermore, the selection of genotypes with morphoagronomic characteristics suited to the 

growing environment is a key factor in coffee genetic improvement. Genotypes with optimized 

characteristics have a greater ability to adapt, resulting in higher productivity under specific 

environmental conditions [26]. However, the choice of genotypes must be made carefully, 

considering that characteristics such as height and number of branches may vary depending on soil 

type and water regime, which impact the expected results [27]. 

It is important to understand that the agronomic performance of different coffee genotypes is 

influenced by various factors, and the interaction between these characteristics should be analyzed 

in an integrated manner. The use of statistical tools such as cluster analysis and Kruskal-Wallis tests 

allows for the identification of promising genotypes based on their overall performance, facilitating 

the selection of genetic material with greater productive potential for different growing regions. 

Several studies indicate that the search for genotypes that can balance high productivity with 

quality traits is a challenge for coffee breeding programs. For some authors, higher productivity does 

not always translate into superior quality [28,29], while others argue that it is possible to achieve a 

balance between these two traits through breeding [30]. These results corroborate the trends found 

in the present study, particularly regarding the performance of genotype G5 (Table 3). 

On the other hand, some research suggests that genotypes with high chemical quality may have 

lower productivity [31], as observed in genotype G3 (Table 3). This phenomenon is explained by the 

complexity of coffee plant phenology, which may limit productivity but result in superior chemical 

characteristics [32]. The literature also suggests that, in some conditions, prioritizing quality traits 

such as sucrose and chlorogenic acid may be more relevant for specific markets, such as the specialty 

coffee market [33]. 

The analyses of the 2019/2020 and 2020/2021 harvests showed that genotypes G5 and G6 

consistently stood out in terms of productivity and quality. Genotype G5 was the most balanced, with 

high yield and excellent averages in chemical traits such as sucrose, chlorogenic acid, trigonelline, 

citric acid, and caffeine. While G6 had the highest yield, it did not stand out as much in chemical 

traits. G3 showed good results in sucrose, trigonelline, and chlorogenic acid but had lower yield. G2 

performed below expectations, with lower yield and quality, despite good levels of sucrose and 

chlorogenic acid. G4 had the lowest yield and quality, lagging behind other genotypes in several 
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traits. In both years, G5 and G6 stood out for their combination of high productivity and quality, 

while G2 and G4 showed significant limitations, highlighting the importance of careful evaluation in 

genotype selection. 

5. Conclusions 

The cluster analysis, along with non-parametric analysis, proved to be an efficient tool for 

identifying promising genotypes adapted to the edaphoclimatic conditions of the Savanna. The 

observed group variation in the characteristics assessed over the two years suggests significant 

environmental influence on the genotypes’ responses. 

In the 2019/20 harvest year, group G1 stood out as superior in all evaluated aspects. In the 

2020/21 harvest, group G5 excelled compared to the other groups, mainly due to its chemical 

component levels, combined with productivity and physical grain classification. Group G6, also in 

2020/21, stood out for its desired agronomic traits, along with high productivity. 

The genotypes L3.L16.P6 (22) and L4.L25.P123 (31), present in the groups that stood out in both 

years, were identified as promising, showing high potential for the genetic improvement program of 

irrigated conilon coffee in the Savanna, in both morphoagronomic and grain quality aspects. 
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