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ABSTRACT. Extensive use of nitrogen fertilizers in coffee crops increases 
production costs and environmental pollution. Developing cultivars more 
efficient in nitrogen (N) utilization could contribute to reduce the need for N 
fertilization and promote sustainable production. We evaluated the variation 
in production characteristics among 20 coffee cultivars grown in nutrient 
solution with low N concentration (1.0 mmol.L-1), aiming to identify 
combinations to compose future populations to be used in breeding programs 
and obtain cultivars more efficient in N utilization. Morpho-agronomic traits 
and rooting, absorption, translocation, biomass production, and N utilization 
efficiencies were evaluated. The clustering methods Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) and canonical variables were 
employed. Cultivars presented differentiated responses at low N 
concentrations, except for nitrogen absorption efficiency. The UPGMA and 
canonical variables methods presented similar results, forming five cultivar 
clusters. Total dry mass contributed the most in the total dissimilarity. 
Significant genetic variability was detected among coffee cultivars grown at 
low N availability. Hybrids generated from cultivars Icatu Precoce 3282, 
Icatu Vermelho IAC 4045, and Acaiá Cerrado MG 1474 were found to be 
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the most promising to obtain a segregating population or heterotic hybrids, 
aiming at greater N utilization efficiency. 
 
Key words: Coffea arabica; Nutritional efficiency; Plant breeding; Genetic 
variability 

INTRODUCTION 
 
Brazil is the largest coffee producer and exporter, accounting for approximately 35% of 

the world’s production, with 56.47 million bags and a mean yield of 29.47 bags ha-1 (2017/2018 
harvest), cultivated in about 2.2 million ha (Conab, 2018). Coffee cultivation in low fertility 
soils has increased production costs due to the need for high doses of correctives and fertilizers, 
as high yields require proper plant nutrition. Nitrogen (N) is the most demanded nutrient by 
coffee plants. Its deficiency limits the growth and production of coffee crops because it plays an 
essential role in leaf area expansion during plant growth and bean formation. Moreover, it 
affects the caffeine concentration in the phloem exudates (Gonthier et al., 2011; Reis et al., 
2011; Neto et al., 2015). 

The extensive application of nitrogen fertilizers to the crops aims at higher yields since 
varieties were selected under optimal N conditions. However, this fact does not imply in 
efficient N utilization (Kant, 2018). Most Brazilian coffee is grown in the Cerrado region, which 
often presents low levels of N in the soil. In order to supplement the low N content in the soil in 
these areas, about 600 to 800 kg ha-1 of nitrogen fertilizer is generally used for growing coffee. 
These doses are far above the traditional recommendations of 150 to 450 kg ha-1 of nitrogen 
fertilizer. This practise substantially increases the cost of production for the coffee grower by 
more than two times, and often does not provide a proportional increase in yield (Bruno est al., 
2015). 

Usually, the N recovery efficiency is lower than 50% in plants cultivated under 
adequate N conditions due to losses by volatilization, denitrification, leaching, soil erosion, and 
biotic and abiotic stresses, resulting in high fertilization costs, along with environmental 
pollution (Fageria et al., 2008). The species of a given crop and the genotypes of a given species 
have significant variation in nutrient utilization and absorption efficiency. The determination of 
the nutrient utilization efficiency allows the differentiation of plant genotypes and cultivars by 
the ability to use and absorb nutrients for maximum dry mass production (Baligar and Fageria, 
2015). 

 Some coffee varieties behave distinctly in relation to nutritional characteristics when 
cultivated under the same conditions, resulting in divergent growth and yield responses. Some 
researchers have reported the genetic differences between cultivars regarding nutrient 
absorption, transport, and utilization efficiencies (Tomaz et al., 2008; Amaral et al., 2012; 
Pedrosa et al., 2013; Martins et al., 2015). However, these studies did not evaluate the nutritional 
efficiency of coffee cultivars grown under low N availability, nor did they use the clustering 
methods UPGMA and canonical variables to separate cultivars into clusters, aiming at improved 
crosses. 

The different behavior of cultivars grown under stress enables selecting distinct 
individuals, aiming at obtaining greater variability. Crosses involving genetically divergent 
parents are the most convenient to produce a greater heterotic effect in the progeny and presents 
a higher probability of obtaining genetic variability in segregating generations (Falconer, 1981). 

The selection of more adapted coffee cultivars for environments with low N 
concentration will contribute to the advancement of breeding programs by the development of 
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more nutrient-efficient plants. This fact can lead to higher coffee yields and lower nitrogen 
fertilizers application, reducing costs with chemical fertilizers. In this context, for the evaluation 
of coffee cultivars under nitrogen deficiency conditions, we hypothesize the existence of 
combinations between cultivars that present greater genetic variability, which results in a 
segregating population or heterotic hybrids. 

To this end, we evaluated the genetic divergence among 20 coffee cultivars grown at 
low N concentration (1.0 mmol.L-1), aiming at identifying promising combinations for breeding 
programs. 

MATERIAL AND METHODS 
 
The experiment was carried out by Empresa de Pesquisa Agropecuária de Minas 

Gerais/Sudeste (EPAMIG Sudeste), in a greenhouse with a rectilinear glass ceiling of the Plant 
Science Department of the Federal University of Viçosa, Minas Gerais. During the experiment 
the greenhouse presented average day and night temperatures of 33ºC ± 1 and 25ºC ± 1, 
respectively, and an average relative humidity of 40%. The local climate according to the 
classification of Koppen is Cwa, defined as humid subtropical climate with hot summer and dry 
winter. The experiment was conducted during the period between winter and summer.  

 Twenty cultivars of arabica coffee (Table 1), being 18 commercial (comprising 
traditionally grown in the main coffee regions of Brazil, and new cultivars recently launched on 
the market) and two tradtional cultivars (San Ramon and São Bernardo). These cultivars 
presented variations in morphoagronomic traits, such as productivity, drink quality, resistance to 
diseases and pests. In addition, they have been developed in breeding programs to be grown 
under appropriate soil fertility conditions, unlike the old cultivars. Some of these have already 
been evaluated under conditions of nutritional stress for various nutrients.  

 
 

Table 1. Genealogy of the Coffea arabica cultivars. 
 

1 EPAMIG; 2 Instituto Agronômico de Campinas - IAC; 3 Instituto Agronômico do Paraná - IAPAR e 4 Fundação 
PROCAFE, institutions of origin of cultivars. 

Cultivars Genealogy 
2Catuaí Amarelo IAC 62 Caturra Amarelo IAC 476-11 x Mundo Novo IAC 374-19 
1Paraíso MG H 419-1  Caturra Amarelo IAC 30 x Híbrido de Timor UFV 445-46 
2Icatu Vermelho IAC 4045  Coffea canephora x Bourbon Vermelho 
2Obatã IAC 1669/20 Villa Sarchi x Híbrido de Timor 
4Caturra Amarelo Mutação do Caturra Vermelho 
3IPR 102  Icatu x (Catuaí Amarelo IAC 66 x Catuaí Vermelho IAC 99) 
1Catuaí Vermelho IAC 15   Caturra Amarelo IAC 476-11 x Mundo Novo  
1Rubi MG 1192 Catuaí x Mundo Novo 
3IPR 103  Icatu x (Catuaí Amarelo IAC 66 x Catuaí Vermelho IAC 99) 
1Araponga MG1 Caturra Amarelo IAC 86 x Híbrido de Timor UFV 446-08 
1Topázio MG 1190  Catuaí Amarelo x Novo Mundo 
4San Ramon  Progênie C 1034-4 Introdução da Costa Rica 
2Icatu Precoce 3282  Icatu Vermelho x Bourbon Amarelo 
2Tupi IAC 1669-33 Villa Sarchi x Híbrido de Timor 
4Catucaí 785/15  Icatu Vermelho x Catuaí Vermelho 
1Acaiá Cerrado MG 1474  Seleção de Mundo Novo 
1Oeiras MG 6851   Híbrido CIFC HW 26/5 (Caturra Vermelho x Híbrido de Timor) 
2São Bernardo  Mutação Típica do Café 
1Pau Brasil MG1 Catuaí Vermelho IAC 15 x Híbrido de Timor UFV 442/34 
4Caturra Vermelho  Mutação de Bourbon Vermelho 
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The cultivars were cultivated in an aerated nutrient solution containing low N 
concentration (1.0 mmol.L-1). This amount nitrogen was based on the results obtained for dry 
matter production in increasing doses of N (Caixeta et al., 2004). The experiment consisted of a 
randomized complete block design, with three replications. Each plot comprised one pot with 
two plants cultivated in nutrient solution. 

 The seeds of the cultivars were germinated in a sand bed previously disinfected with 
HCl 0.1 mol.dm-3 and transplanted at the cotyledon leaf stage (“jaguar ear”), at 120 days after 
sowing, to polypropylene pots containing 8.0 L of modified Hoagland and Arnon (1950) nutrient 
solution that was static aerated, with two plants per pot. The nutrient solution was modified to 
provide a low concentration of N (1.0 mmol.L-1), thus simulating what would happen in the soil. 
Nitrogen was supplied as KNO3. Volumes of nutrient solution added to the pots were completed 
weekly with deionized water, and the pH was adjusted with HCl 0.1 mol.dm-3 and NaOH 0.1 
mol.dm-3 to between 5.5 and 6.5. The nutrient solution was changed based on the electrical 
conductivity (EC), whenever its depletion reached 30% of the initial EC.  

 The were harvested 168 days after transplantation of the seedlings to the vessels. The 
following traits were evaluated: plant height (PH, cm), measured from the base of the 
orthotropic branch to the apex of the plant; stem diameter (SD, mm), measured at 5 cm from the 
base of the stem, using a caliper; number of nodes (NNO), obtained by visual counting of nodes 
in the orthotropic branch; internode length (IL, cm), calculated by the plant height/number of 
nodes ratio; number of leaf pairs (NLP), obtained by counting the leaf pairs in the whole plant; 
leaf area (LA, cm2), quantified after harvest, using an AT Delta-T Devices area meter. 

 Afterward, plants were collected and separated (into root, stem, and leaves), stored in 
paper bags, and dried in a forced air circulation oven at 70 ºC, for 72 h. Then, the plant material 
was weighed to determine root dry mass (RDM), stem dry mass (SDM), leaf dry mass (LDM), 
shoot dry mass (SHDM = sum of LDM and SDM), total dry mass (TDM = sum of SHDM and 
RDM), and root/shoot dry mass ratio (RSDM). The dry plant material was ground in a Willey 
mill with 20 mesh sieve, where samples were taken to determine the nitrogen contents, 
according to Embrapa (2009). The N content was obtained by the product between the nutrient 
contents and the dry mass of the different parts of the plant. 

 The nutritional efficiency indices were estimated considering the dry mass production 
and N content, according to the methodology described by Siddiqi and Glass (1981) and Bailian 
et al. (1991): Rooting Efficiency (RE, g2.mg-1) = (root dry mass)2 / total N in the plant; nitrogen 
absorption efficiency (NAE, mg.g-1) = total N in the plant / root dry mass; nitrogen translocation 
efficiency (NTE, mg.g-1) = N in the shoots/total N in the plant; nitrogen utilization efficiency 
(NUE, g2.mg-1) = (total dry mass)2 / total N in the plant; biomass production efficiency (BPE, 
g2.mg-1) = (shoot dry mass)2 / N in the shoots. 

 Data were subject to univariate analysis of variance, and the means were clustered by 
the Scott-Knott’s test at 5% probability level. The Unweighted Pair-Group Method Using 
Arithmetic Averages (UPGMA), based on the genetic dissimilarity matrix estimated by the 
Mahalanobis’ Generalized Distance, and the method of Canonic Variables were used for the 
multivariate analyses. The relative importance of the evaluated traits was calculated by the 
method of Singh (Singh, 1981). Analyses were performed using the GENES software (Cruz, 
2013) and the hcluster package of the R software (R Development Core Team, 2006). 

RESULTS  
 
Coffee cultivars showed significant differences for most of the traits evaluated (P ≤ 

0.05) (Tables 2 and 3). 
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Cultivars showed similar behaviors (Table 2) for plant height and internode length. The 
highest means for these traits were observed for cultivars Icatu Vermelho IAC 4045, Icatu 
Precoce 3282, and Acaiá Cerrado MG 1474, while the lowest means were detected for cultivars 
San Ramon and São Bernardo. These five cultivars had the lowest values for leaf area, with a 
mean of 76 dm2. 

 
 

Table 2. Plant height (PH), internode length (IL), number of nodes (NNO), number of leaf pairs (NLP), 
leaf area (LA), stem diameter (SD), root dry mass (RDM), and stem dry mass (SDM) evaluated in coffee 
cultivars grown in nutrient solution at low nitrogen concentration (1.0 mmol.L-1). 
 

Cultivars PH IL LA NNO NLP SD RDM SDM 
-------cm------- --dm2--   --mm-- -------g-------- 

Icatu Vermelho IAC 4045 42.7 A 4.4 A 084.3 B 09.7 A 8.7 A 44.2 A 01.8 C 01.9 A 
Icatu Precoce 3282 42.2 A 4.6 A 086.5 B 09.2 A 8.2 B 46.7 A 01.4 C 02.0 A 
Acaiá Cerrado MG 1474 43.7 A 4.4 A 083.2 B 09.8 A 8.8 A 45.2 A 01.5 C 02.1 A 
Catucaí Vermelho 785/15 29.5 B 3.0 B 113.9 A 09.8 A 8.8 A 49.3 A 02.4 B 02.1 A 
Catuaí Amarelo IAC 62 30.3 B 3.2 B 104.8 A 09.5 A 8.5 B 45.7 A 01.8 C 01.9 A 
Paraíso MG H 419-1 28.2 B 3.1 B 101.1 A 09.0 B 8.0 C 40.2 B 02.1 B 01.5 B 
Obatã IAC 1669/20 28.7 B 3.2 B 115.8 A 08.8 B 7.8 C 51.5 A 02.9 A 01.8 A 
Caturra Amarelo 28.3 B 3.1 B 099.7 A 09.2 A 8.2 B 50.2 A 02.3 B 01.6 B 
IPR 102 26.2 B 3.3 B 104.4 A 08.0 C 7.0 D 51.8 A 02.5 B 01.5 B 
Catuaí Vermelho IAC 15 29.5 B 3.0 B 096.9 A 09.8 A 8.8 A 46.2 A 02.2 B 01.5 B 
Rubi MG 1192 28.9 B 2.9 B 094.6 A 10.0 A 9.0 A 44.3 A 01.9 C 01.6 B 
IPR 103 27.9 B 3.2 B 109.0 A 08.7 B 7.7 C 48.8 A 02.2 B 01.6 B 
Araponga MG1 32.2 B 3.4 B 113.7 A 09.3 A 8.3 B 50.0 A 02.7 A 02.0 A 
Topázio MG 1190 30.9 B 3.2 B 110.8 A 09.7 A 8.7 A 51.0 A 02.5 B 01.8 A 
San Ramon 14.8 D 1.7 D 055.0 B 08.8 B 7.8 C 28.3 C 01.0 C 00.5 C 
Tupi IAC 1669-33 27.8 B 3.5 B 120.4 A 08.0 C 7.0 D 57.3 A 03.0 A 02.1 A 
Oeiras MG 6851 29.1 B 3.4 B 095.1 A 08.7 B 7.7 C 43.5 A 01.5 C 01.4 B 
São Bernardo 21.0 C 2.3 C 070.1 B 09.2 A 8.2 B 35.7 B 01.5 C 00.8 C 
Pau Brasil MG1 30.3 B 3.4 B 103.4 A 08.8 B 7.8 C 48.0 A 02.2 B 01.7 B 
Caturra Vermelho 29.1 B 3.1 B 092.4 A 09.5 A 8.7 A 47.5 A 01.7 C 01.6 B 
Mean 30.1 3.3 097.7 09.2 8.2 46.3 02.1 01.6 
CV (%) 10.8 9.4 015.6 04.1 4.6 18.9 21.7 19.3 
*Means followed by the same letters in the columns do not differ from each other by the Scott-Knot’s test, at 5% 
probability level. 
 

Regarding the number of nodes and number of leaf pairs in the orthotropic branches 
(Table 2), cultivars were classified into three and four clusters, respectively. Cultivars Icatu 
Vermelho IAC 4045, Acaiá Cerrado MG 1474, Catucaí Vermelho 785/15, Catuaí Vermelho IAC 
15, Rubi MG 1192, Topázio MG 1190, and Caturra Vermelho were allocated in the clusters with 
the highest means for both traits. Conversely, cultivars IPR 102 and Tupi IAC 1669-33 remained 
in the cluster with the lowest means for both traits. Similar to number of nodes, stem diameter 
also formed three clusters. The clusters with the highest and intermediate means were composed 
of 85 and 10% of the cultivars, respectively, while the cluster with the lowest mean was 
composed only of cultivar San Ramon. 

Cultivars Obatã IAC 1669/20, Araponga MG1, and Tupi IAC presented the highest root 
and stem dry mass, concomitantly. Conversely, São Bernardo and San Ramon presented the 
lowest means for these traits (Table 2).  

Regarding shoot dry mass and total dry mass, cultivars Catucaí Vermelho 785/15, Obatã 
IAC 1669/20, IPR 102, IPR 103, Araponga MG 1, Topázio MG 1190, and Tupi IAC 1669-33 
were the most productive (Table 3). Again, the cultivars San Ramon and São Bernardo had the 
lowest means. 
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Table 3. Shoot dry mass (SHDM), total dry mass (TDM), root/shoot dry mass ratio (RSDM), nitrogen 
absorption efficiency (NAE), nitrogen translocation efficiency (NTE), rooting efficiency (RE), nitrogen 
utilization efficiency (NUE), and biomass production efficiency (BPE) evaluated in coffee cultivars grown 
in nutrient solution at low nitrogen concentration (1.0 mmol.L-1). 
 

Cultivars SHDM TDM RSDM NAE NTE RE NUE BPE 
 ------- g ------- -g.g-1- --- mg.mg-1 --- ----------- g2.mg-1---------- 

Icatu Vermelho IAC 4045 05.9 A 07.7 B 00.31 A 075.9  0.85 A 00.026 C 00.45 B 00.31 B 
Icatu Precoce 3282 06.4 A 07.9 B 00.22 B 108.7 0.86 A 00.014 C 00.42 B 00.32 B 
Acaiá Cerrado MG 1474 06.2 A 07.7 B 00.24 B 107.5  0.84 A 00.016 C 00.39 B 00.29 B 
Catucaí Vermelho 785/15 08.3 A 10.7 A 00.29 B 082.4  0.81 B 00.030 B 00.59 A 00.44 A 
Catuaí Amarelo IAC 62 06.8 A 08.6 B 00.28 B 091.8  0.80 B 00.022 C 00.45 B 00.35 B 
Paraíso MG H 419-1 06.3 A 08.4 B 00.33 A 078.3  0.78 C 00.028 B 00.44 B 00.31 B 
Obatã IAC 1669/20 07.6 A 10.5 A 00.39 A 066.1  0.75 C 00.045 A 00.57 A 00.40 A 
Caturra Amarelo 06.6 A 08.8 B 00.35 A 073.2  0.78 C 00.032 B 00.48 B 00.33 B 
IPR 102 06.8 A 09.3 A 00.37 A 074.8  0.75 C 00.034 B 00.46 B 00.33 B 
Catuaí Vermelho IAC 15 06.2 A 08.3 B 00.35 A 077.3  0.78 C 00.030 B 00.43 B 00.30 B 
Rubi MG 1192 06.3 A 08.3 B 00.32 A 081.9  0.80 B 00.025 C 00.43 B 00.31 B 
IPR 103 07.0 A 09.2 A 00.32 A 081.7  0.80 B 00.028 B 00.48 B 00.34 B 
Araponga MG 1 07.7 A 010.5 A 00.36 A 070.6  0.76 C 00.040 A 00.57 A 00.41 A 
Topázio MG 1190 07.3 A 09.8 A 00.34 A 072.1  0.79 C 00.036 B 00.55 A 00.39 A 
San Ramon 03.2 B 04.2 C 00.31 A 118.6  0.82 B 00.008 C 00.15 C 00.11 C 
Tupi IAC 1669-33 08.0 A 11.1 A 00.38 A 062.0  0.74 C 00.050 A 00.65 A 00.46 A 
Oeiras MG 6851 06.2 A 07.7 B 00.24 B 114.9  0.84 A 00.014 C 00.36 B 00.28 B 
São Bernardo 04.2 B 05.7 C 00.34 A 098.8  0.81 B 00.016 C 00.24 C 00.16 C 
Pau Brasil MG 1 05.9 A 08.1 B 00.39 A 074.6  0.76 C 00.033 B 00.42 B 00.29 B 
Caturra Vermelho 06.3 A 08.0 B 00.27 B 089.5  0.84 A 00.020 C 00.43 B 00.32 B 
Mean 06.5 09.0 00.32 085.0 0.80 00.031 0.45 00.32 
CV (%) 16.2 15.8 19.2 021.8 3.54 40.3 18.4 18.2 
* Means followed by the same letters in the columns do not differ from each other by the Scott-Knot’s test, at 5% 
probability level. 

 
Two clusters were formed for roots/shoot dry mass ratio (Table 3). The cluster with the 

highest mean value (0.35 g.g-1) was composed of most of the cultivars. The other one presented 
a mean of 0.27 g g-1 and consisted of cultivars Icatu Precoce 3282, Acaiá Cerrado MG 1474, 
Catucaí Vermelho 785/15, Catuaí Amarelo IAC 62, Oeiras MG 6851, and Caturra Vermelho. 

No significant differences were detected for N Absorption Efficiency (P ≤ 0.05) 
between the evaluated cultivars. However, most of the cultivars exhibited low N translocation 
efficiency (Table 3). Cultivars Icatu Vermelho IAC 4045, Icatu Precoce 3282, Acaiá Cerrado 
MG 1474, Oeiras MG 6851, and Caturra Vermelho stood out for presenting the highest N 
translocation efficiency to the shoot. Unlike San Ramon and São Bernardo, cultivars Obatã IAC 
1669/20, Araponga MG1, and Tupi IAC 1669-33 presented higher rooting, N utilization, and 
biomass production efficiencies. 

The clustering analysis using the UPGMA method classified the cultivars into five 
clusters with cophenetic correlation (CC) of 0.91 (Figure 1). Cluster I comprised cultivars Catuaí 
Amarelo IAC 62, Paraíso MG H 419-1, Caturra Amarelo, Catuaí Vermelho IAC 15, Rubi MG 
1192, Araponga MG1, Topázio MG 1190, Oeiras MG 6851, Pau Brasil MG 1, Caturra 
Vermelho, and Catucaí 785/15 (Figure 1); cluster II consisted of cultivars San Ramon and São 
Bernardo; cluster III allocated cultivars Obatã IAC 1660/20, IPR 102, and IPR 103; cluster IV 
comprised only cultivar Tupi IAC 1669/33; and cluster V consisted of cultivars Icatu Vermelho 
IAC 4045, Icatu Precoce 3282, and Acaiá Cerrado MG 1474. 
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Low N supply to coffee plants reduces leaf area due to the allocation of structural 
dry mass to other plant components, compromising the crop, since there is a relationship 
between grain yield and leaf production (Bote et al., 2018), as observed for the five cultivars 
shown above (Table 2). This behavior suggests that plants have a mechanism that causes 
allocation to other organs (probably storage structures) to the detriment of leaf expansion. 
Net photosynthesis, leaf N content, total protein content, and antioxidant enzymes are 
reduced in response to the low nutrient supply (Reis et al., 2015). 

The greater number of nodes and leaf pairs detected in cultivars Icatu Vermelho 
IAC 4045, Acaiá Cerrado MG 1474, Catucaí Vermelho 785/15, Catuaí Vermelho IAC 15, 
Rubi MG 1192, Topázio MG 1190, and Caturra Vermelho (Table 2) indicates the 
possibility of higher yield since these traits are related to the appearance of primary 
plagiotropic branches and the production of secondary branches (Tomaz et al., 2005). Also, 
nitrogen availability may affect these traits since depending on the concentration, the 
fruiting zone on plagiotropic branches may change (Damatta et al., 2007). 

The low N concentration in coffee plants may provide less synthesis of the hormone 
cytokinin, responsible for vegetative growth (Colodetti et al., 2014). This physiological 
disorder may lead to greater investment in plant stem growth when nitrogen is at low 
concentration. Therefore, most of the cultivars presented stem diameter values higher than 
the overall mean (Table 2), suggesting they were little affected by the N restriction in the 
culture medium. This trait is highly correlated with number of nodes of the first plagiotropic 
branch and plant vigor and is relevant for the discrimination of coffee genotypes (Teixeira 
et al., 2013). 

The N concentration influences dry mass production in coffee plants due to the 
importance of this nutrient in the plant’s metabolism (Gonthier et al., 2011). Thus, in the 
nitrogen-restricted cultivation, root, stem, shoot, and total dry mass were higher for cultivars 
Obatã IAC 1669/20, Araponga MG1, and Tupi IAC (Table 2 and 3). Also, cultivars Catucaí 
Vermelho 785/15, Obatã IAC 1669/20, IPR 102, IPR 103, Araponga MG 1, Topázio MG 
1190, and Tupi IAC 1669-33 stood out for shoot and total dry mass (Table 3). The 
production of dry matter presents a close positive correlation with the production of grains 
(Assis et al., 2014).  

Most of the cultivars with low N concentration invested more in root dry mass than 
shoot dry mass, leading to higher root/shoot dry mass ratio (Table 3). Cardoso (2010) 
observed that coffee cultivars submitted to the appropriate level of N (7,5 mmol.L-1) in the 
solution had a mean root dry mass of 1.55 g, which is about 25% lower than those 
cultivated with low N, while average dry matter yield at the appropriate level was 7.85 g, 
which is approximately 18% higher than at the low level. The greater root growth at low N 
availability can be attributed to the higher sucrose accumulation since the roots become the 
main user of this compound; however, this response varies among plant genotypes (Quan et 
al., 2016). 

Genetic factors control nutrients absorption, transportation, and redistribution in 
plants (Martins et al., 2015). Nitrate (NO3-) is the main form of N absorbed by plants. The 
increase in the number of lateral roots is an adaptative response due to the low availability 
of NO3- (Kant, 2018). In this study, although no significant differences were detected for 
absorption efficiency, cultivars Icatu Vermelho IAC 4045, Icatu Precoce 3282, Acaiá 
Cerrado MG 1474, Oeiras MG 6851, and Caturra Vermelho had higher N translocation 
efficiency (Table 3), probably due to the higher interaction between the low and high 
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affinity transporters, which ensured greater nutrient translocation. Moreover, the nutrient is 
more efficiently assimilated and incorporated into the shoot by these cultivars, even under 
nutrient stress (Krapp, 2015). Cultivars Obatã IAC 1669/20, Araponga MG1, and Tupi IAC 
1669-33 showed higher rooting, N utilization, and biomass production efficiencies (Table 
3). Similar results were also found when coffee was grown at appropriate levels of N 
(Cardoso, 2010). These cultivars exhibited similar behavior when evaluated at low 
potassium concentration (Moura et al., 2015), indicating that besides the ability of K 
utilization, they also have great N utilization efficiency. The determination of the indices of 
nutritional efficiency that depends on the dry mass and nutrient content shows dissimilar 
genotypes and cultivars of plant species (Baligar and Fageria, 2015). 

Cultivars San Ramon and São Bernardo showed lower means for rooting, N 
utilization, and biomass production efficiencies (Table 3) due to the lower root dry mass 
production and lower total N concentration. This fact can be explained by the capacity of 
retaining greater nutrient content in the root vacuoles, reducing N translocation from the 
root to the photosynthetically active sites in the leaves (Amaral et al., 2012). 

The cluster analyses by the UPGMA or canonical variables methods have been 
effective in discriminating cultivars of different coffee species (Pedrosa et al., 2013; Cao et 
al., 2014; Moura et al., 2015; Machado et al., 2017), as also observed in the present work. 
The UPGMA method presented a cophenetic correlation higher than 80%, indicating a high 
representativity of the actual real distances between cultivars by the graphical representation 
of the dendrogram and higher reliability in the cluster formation (Saraçli et al., 2013). 
Similarly, the cluster analysis by the canonical variables method was satisfactory to 
discriminate the cultivars by the graphic representation since it presented accumulated 
values higher than 70% of the total variation (Rocha et al., 2009). 

Both clustering methods formed five clusters. Cluster I was composed of most of 
the cultivars, which showed small size and susceptibility to rust (Figure 1 and 2); cluster II 
was composed of old cultivars, which presented low rooting, N utilization, and biomass 
production efficiencies; cluster III was formed by genetic materials called Sharchimor, 
which are resistant to rust and exhibited high shoot and total dry mass; cluster IV was made 
up of only one cultivar, which presented high rooting, N utilization, and biomass production 
efficiencies; and cluster V was composed of tall cultivars with high translocation efficiency. 

The study on the relative importance of the traits assists the elimination of less-
relevant variables for genetic divergence (Cruz et al., 2012). Therefore, of the 16 traits 
evaluated, only total, root, and shoot dry mass productions were more relevant since they 
were responsible for 90.58% of the observed variability (Figure 3). Total dry mass 
contributed the most to the genetic divergence among the evaluated genotypes. Dry mass is 
the primary indicator of plant performance and is easily influenced by the N supply 
(Salamanca-Jimenez et al., 2016). This phenomenon occurs because this nutrient provides 
amino groups in amino acids, which are essential for protein formation and dry mass 
production (Maathuis, 2009). 

The most divergent pairs of cultivar involved Icatu Precoce 3282, Icatu Vermelho 
IAC 4045, and Acaiá Cerrado MG 1474 (Figure 1). Conversely, the most similar 
combinations were obtained between cultivars Caturra Amarelo, Araponga MG 1, and 
Topázio MG 1190. For greater variability and genetic gain, genotypes from distinct clusters 
must be selected for crosses (Cruz et al., 2012) 
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The analysis of means comparison and the clustering methods (UPGMA and 
Canonical Variables) demonstrated variability among the 20 cultivars at low nitrogen 
concentration. These results allowed selecting more divergent coffee cultivars for crosses 
that aim at N utilization efficient-cultivars, which will reduce the application of nitrogen 
fertilizers and coffee production costs. However, field studies should be conducted to 
consolidate this information since the research was performed in a greenhouse with a 
nutrient solution, instead of soil.  

Genetic variability was detected among coffee cultivars grown at low nitrogen 
availability. Hybridization using combinations involving cultivars Icatu Precoce 3282, Icatu 
Vermelho IAC 4045, and Acaiá Cerrado MG 1474 are the most promising to obtain a 
segregating population or heterotic hybrids, aiming at higher nitrogen utilization efficiency. 
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