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ABSTRACT. Diagnosing foliar nutritional status is essential for
fertilizer recommendations and for the identification of nutrient
imbalances. This study aimed to verify genetic diversity and establish
mean standards (leaf nutrient contents; LNCs) and relationships among
leaf nutrients (LNC relationships; LNCRs) in seven conilon coffee
genotypes during both pre-flowering and bean-filling stages. Twenty
crops from several cities in the northern region of Espirito Santo State,
Brazil, with crop yield either equal to or greater than 100 bags per
hectare (during two harvests) were assessed. A total of 140 samples
were collected during each evaluation period for quantification of leaf
nutrient contents (N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn, and B). The
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Ward procedure, a hierarchical genetic clustering method, was used to
quantify the genetic diversity among genotypes. To examine differences
between the LNCs and LNCRs, F-and Scott-Knott tests were used.
LNCs and LNCRs showed significant differences among the conilon
coffee genotypes during the evaluation periods. Additionally, the 8V,
10V,and 12V genotypes exhibited the highest values for most of the
nutrients, especially for N, P, and Cu. Therefore, the clustering method
revealed genetic diversity among genotypes for standard leaf nutrient
levels, implying that leaf diagnosis could be specific to each genotype
and phenological stage.

Key words: Conilon coffee; Sampling time; Mineral nutrition;
Mean leaf nutrient content; Cluster

INTRODUCTION

Brazil, which stands out as the largest global producer and exporter and the second
largest consumer of coffee beans, has the most extensive crop cultivation area in the world (ICO,
2016). Among the 124 Coffea species, only Coffea arabica L. and Coffea canephora Pierre ex
A. Froehner, commercially known as arabica and robusta/conilon coffee, respectively, have
economic importance worldwide (Davis et al., 2011, 2012). World coffee production exceeded
143 million bags in 2015, of which approximately 59 million bags were derived from C.
canephora (ICO, 2016), and Brazil maintained its prominent position with the production of
approximately 11 million bags from this species (CONAB, 2016).

The use of new technologies, such as improved varieties, mechanization, irrigation,
correct use of liming and fertilization, leaf analysis, programmed pruning cycles, densification
and phytosanitary controls, has significantly contributed to the increase in conilon coffee yield
(Partelli et al., 2006, 2014a; Covre et al., 2015). However, there is limited information regarding
the specific mineral nutrient composition of conilon coffee genotypes, particularly standard leaf
nutrient levels for a specific diagnosis, taking into account genotype and phenological stages.

Research focused on breeding conilon coffee has resulted in the generation of
new clonal varieties (Fonseca et al., 2004, 2006). However, phenotypic differences such
as morphological, physiological, and yield traits among C. canephora clones indicate that
genetic variability exists in terms of production and fruit ripening time (Fonseca et al., 2006),
as well as in patterns of nutrient absorption and allocation among conilon genotypes (Covre
et al., 2013). This is probably due to the cross pollination reproduction mode of this species.

The existence of genetic variability within C. canephora germplasm (Fonseca et al.,
2004), due to the allogamous reproduction of this species, results in genotypes with different
phenotypic traits (Esther and Adomako, 2010; Leroy et al., 2014). Because commercial conilon
coffee crops are explored using clonal varieties (different genotypes grown in the same area)
to ensure satisfactory pollination, phenotypic traits, if correctly observed, can help to identify
different management options. These include different phytosanitary control methods (Belan
et al., 2015) and different fertilization practices for each genotype, which optimize yield costs.

Studies investigating the growth and development of conilon coffee have revealed
genetic variability in leaf number, plant height, emission rate of reproductive branches, root
and shoot dry matter, and nutrient accumulation (Contarato et al., 2010; Covre et al., 2013;
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Partelli et al., 2014b; Marré et al., 2015; Ronchi et al., 2015). Additionally, some studies
have shown variation related to nutrient-use efficiency among conilon genotypes (Favarin
et al., 2007; Tomaz et al., 2009; Ferreira et al., 2013) and different nutritional requirements
according to fruit ripeness stage and time of the year (Marré et al., 2015). In this context,
the use of tools that can identify genetic diversity, such as hierarchical genetic clustering
methods (multivariate methods), can aid in the identification of C. canephora genotypes with
different genetic distances (Kathurima et al., 2012; Souza et al., 2013; Dalcomo et al., 2015;
Martins et al., 2015). Among the multivariate methods, the Ward method provides an excellent
strategy for quantifying genetic diversity. The nutritional status of conilon coffee leaves has
been interpreted using the “sufficiency range” method, which generates results that are easy
to understand (Partelli et al., 2006, 2007). The standard values from this method are usually
regional and a mean value of the leaf nutrient content (LNC) is used as a reference (Partelli
et al., 2000) according to the time of year (Partelli et al., 2007); however, it does not take into
account genetic diversity. Additional, standard values for specific genotypes have not been
established. Consequently, the objective of the present study was to verify the genetic diversity
of leaf nutrients and establish the LNCs and LNC relationships (LNCRs) of leaves from seven
conilon coffee genotypes during two phenological stages (pre-flowering and bean filling).

MATERIAL AND METHODS

This study was performed on commercial conilon coffee crops (C. canephora Pierre
ex A. Froehner) scattered across the northern region of Espirito Santo State, Brazil. The climate
is classified as Aw, i.e., a warm tropical climate with a dry season during winter and a rainy
season during summer according to the Koppen classification (Koppen, 1931). Twenty crops
from Vila Valério, Jaguaré, Nova Venécia, Sdo Mateus, Sdo Gabriel da Palha, Boa Esperanca,
Vila Pavao, Sdo Domingos do Norte, Aguia Branca, and Governador Lindenberg cities, with
crop yields equal to or greater than 100 bags per hectare (average from harvests conducted
in 2012 and 2013) were used. These conilon coffee crops were managed using irrigation,
fertilization, liming, and pest control, and each clone was planted separately in lines, with the
number of plants ranging from 2777 to 3570 per hectare.

Leaf samples were collected in 2012 from seven conilon genotypes belonging to the clonal
variety Incaper Vitoria 8142 (Fonseca et al., 2004), during the pre-flowering (between late May and
early June) and bean-filling (late November and early December) stages; a composite sampleof100
leaves was collected during each evaluation period. The third and/or fourth pair of mature leaves
from the plagiotropic branch apex located in the upper third of the plant was placed in a paper bag
and transported to the laboratory to determine the leaf N, P, K, Ca, Mg, S, Fe, Zn, Cu, and Mn
nutrient contents according to the method described by Silva (2009). We subsequently constructed
a database to obtain the mean values (LNCs) for each genotype and bivariate relationships (LNCRs)
obtained in direct and inverse forms, among all the nutrients studied.

The data were analyzed simultaneously using the Ward method to create groups
through clustering. For the Ward clustering method, the distance matrix was constructed by
Mahalanobis’s algorithm (Mahalanobis, 1936) using the Genes statistical software (Cruz,
2013). The distance matrix was used as a dissimilarity measure for the clustering analysis of the
genotypes by the Ward method (dendrogram) using the statistical R software. To validate the
clustering analysis, or to check the dendrogram’s ability to play the dissimilarity matrices (D
and D?), we calculated the cophenetic correlation coefficient (CCC). The CCC is the Pearson
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correlation coefficient between the matrices of distance (D and D?) and cophenetic matrix (C)
(matrix of distances between genotypes, obtained from the dendrogram), and values close to
unity indicate better representation (Cruz et al., 2014). LNC and LNCR data during both pre-
flowering and bean filling stages were subjected to analysis of variance, and the means were
grouped according to the Scott-Knott test at 5% probability using the Assistant version 7.6
beta program (Silva and Azevedo, 2002).

RESULTS AND DISCUSSION

Based on Mahalanobis distance (D?), two clusters (Figure 1) were formed considering
the cut-off point of the dendrogram proposed by Mojena (1977). The first cluster was formed by
6V, 13V, 9V, and 5V, and the second cluster was formed by 8V, 10V, and 12V genotypes, which
showed higher LNCs. Using the Mantel test (P < 0.01) with 1000 permutations, we confirmed
the association between the cophenetic matrix and the distance matrix (D?), with the CCC being
higher than 65%. (Figure 1). Although two clusters were formed, the presentation of individual
LNC and LNCR values is useful since they can be used as reference values for each genotype.

CCC = B5.73(%)
P =001

o Mantel test: P = 0.01
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Figure 1. Dendrogram obtained by the Ward hierarchical method based on Mahalanobis distance of seven Coffea
canephora cv. belonging to the clonal variety Incaper Vitoria 8142 with the cut-off point determined according to
Mojena (1977) and cophenetic correlation coefficient (CCC).

There were significant differences among conilon coffee genotypes for LNC and
LNCR during both the pre-flowering and bean-filling stages (Tables 1, 2, 3, and 4). These
results indicate the formation of two groups of different composition depending on the
genotypes for most of the nutrients analyzed. However, for Ca and Zn, and S, a third and fourth
group were formed, respectively. During the pre-flowering stage, K, Mg, B, Fe, and Mn were
statistically similar among all analyzed coffee genotypes (Table 1). Conversely, the 8V, 9V,
and 12V genotypes exhibited the highest values for most of the nutrients, especially for N, P,
and Cu. Three groups were formed for Ca and Zn, among which the 10V and 12V genotypes,
respectively, had the highest mean values. Conversely, the 5V, 6V, and 10V genotypes were in
the group with the lowest S contents.
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Table 1. Mean values, coefficient of variation (CV), and F- and Scott-Knott test results for nutrient contents
measured in seven conilon genotypes of the clonal variety Vitoria Incaper 8142 with crop yield either equal
to or greater than 100 bags per hectare (average from 2012 and 2013 harvests) during the pre-flowering stage.

Nutrients Genotypes CvV F test
5V 6V 8V 9V 10V 12V 13V

N (g/kg) 24.2° 25.5° 26.6" 26.9° 25.1° 28.1° 24.8° 9.70 ok
P (g/kg) 1.9° 1.2° 1.3* 1.3 1.2° 1.2% 1.32 16.8 ok
K (g/kg) 11.7° 12.42 13.7* 12.2¢ 12.7* 12.32 12.0* 202 NS
Ca (g/kg) 20.7° 16.9¢ 21.6° 21.3° 26.1° 21.2b 18.2¢ 24.1 *k
Mg (g/kg) 3.3% 3.3% 3.3% 3.8° 3.9% 3.9° 3.6 28.5 NS
S (g/kg) 1.0¢ 1.3¢ 1.6 1.4° 1.2¢ 1.7% 1.2¢ 20.0 ok
B (mg/kg) 76.8° 60.9 75.2 79.6* 77.2* 83.5° 71.4 31.7 NS
Cu (mg/kg) 7.9° 8.1° 11.4* 9.4 7.1° 11.0° 10.9° 52.1 *
Fe (mg/kg) 149.1° 118.4* 129.9° 130.6° 131.3° 145.1* 113.5% 49.1 NS
Mn (mg/kg) 139.9* 150.9* 144.7* 136.3* 153.42 135.1* 147.8* 57.7 NS
Zn (mg/kg) 5.4¢ 6.4 7.0 5.9¢ 6.2° 8.2¢ 5.8¢ 21.2 ok

For each nutrient, mean values followed by different letters indicate significant differences between genotypes according
to the Scott-Knott test at 5% probability. NS = not significant; **highly significant (P < 0.01); *significant (P < 0.05).

Table 2. Mean values, CV, and F- and Scott-Knott test results for nutrient contents measured in seven conilon
genotypes belonging to the clonal variety Vitoria Incaper 8142 with crop yield either equal to or greater than
100 bags per hectare (average from 2012 and 2013 harvests) during the bean-filling stage.

Nutrients Genotypes (6\% F test
5V 6V 8V 9V 10V 12V 13V
N (g/kg) 26.3° 27.0° 28.8% 29.1* 26.6° 29.9* 27.8° 8.7 **
P (g/kg) 1.2° 1.3° 1.4 1.4 1.2° 1.3° 1.37* 153 *k
K (g/kg) 15.9* 15.7* 16.9* 15.9* 16.4* 14.7* 15.8% 18.3 NS
Ca (g/kg) 15.2¢ 14.7¢ 21.2% 17.8° 22.32 20.9* 15.3¢ 17.8 *k
Mg (g/kg) 2.6° 3.3b 3.7° 3.3% 3.5% 3.7° 3.2° 21.6 *k
S (g/kg) 1.14 1.3¢ 1.82 1.6° 1.14 1.92 1.4¢ 18.4 *k
B (mg/kg) 78.4° 65.3° 86.2° 93.2% 77.0° 86.1° 73.2° 26.2 *k
Cu (mg/kg) 11.0° 10.72 14.8* 14.1* 11.2* 14.42 15.5% 50.2 NS
Fe (mg/kg) 118.3° 96.5° 105.12 115.12 106.7° 115.82 86.7* 36.1 NS
Mn (mg/kg) 119.6* 115.2¢ 111.72 130.7% 128.2% 112.7* 115.4° 58.6 NS
Zn (mg/kg) 9.6 9.9 13.4° 11.2¢ 11.9 12.9° 10.37* 52.5 NS

For each nutrient, the mean values followed by different letters indicate significant differences between genotypes
according to the Scott-Knott test at 5% probability. NS = not significant; **highly significant (P < 0.01).

During the bean-filling stage (Table 2), no significant differences in K, Cu,
Fe, Mn, and Zn were observed among the genotypes. However, there were significant
differences between genotypes for at least one of the other nutrients (N, P, Ca, Mg, S,
and B). Considering LNC, the 8V and 12V genotypes showed similar behavior during
the pre-flowering stage, with differences only in P; the 8V genotype had the highest
value. Furthermore, the 5V and 8V genotypes were more distinct and showed significant
differences in seven nutrients (N, P, K, Ca, Mg, S, and B).

The clonal variety ‘Vitoria Incaper 8142’ presents two clone groups during initial
development (Contarato et al., 2010). In the present study, there was variability in nutrient
use among the genotypes (four groups), consistent with findings from previous studies on
coffee culture, in which differential use of nutrients was observed among clones of the
same species (Reis Junior and Martinez, 2002; Mattiello et al., 2008; Tomaz et al., 2009;
Ferreira et al., 2013).
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Table 3. Mean values, CV, and F- and Scott-Knott test results for foliar nutrient relationships in seven conilon
genotypes belonging to the clonal variety Vitoria Incaper 8142 with crop yield either equal to or greater than
100 bags per hectare (average from 2012 and 2013 harvests) during the pre-flowering stage.

Relationships Genotypes CvV F test
5V 6V 8V A% 10V 12v 13v

N/P 22.62* 22.13* 20.21* 21.30* 22.00° 23.10° 20.21* 17.0 NS
N/K 2.132# 2.138* 2.022¢ 2.289* 2.062* 2.404* 2.176* 239 NS
N/Ca 1.231° 1.619° 1.283° 1.332° 1.016° 1.396* 1.460* 26.9 **
N/Mg 7.618° 8.3332 8.706* 7.519° 7.3412 7.808* 7.2932 32.2 NS
N/S 23.97° 20.81° 17.52¢ 19.56" 20.58" 16.87° 20.46" 19.7 *
N/B 0.362° 0.4842 0.395° 0.379° 0.357° 0.382° 0.381% 424 NS
N/Cu 3.660° 4.229° 3.141° 3.382¢ 4.119° 3.361° 3.160? 52.5 NS
N/Fe 0.188° 0.258% 0.240? 0.241% 0.225° 0.245° 0.256* 38.2 NS
N/Mn 0.229° 0.245* 0.245* 0.250° 0.233* 0.277* 0.214* 57.0 NS
N/Zn 4.607* 4.156* 3.8880 4.7322 4.196* 3.555b 43352 212 wok
P/N 0.045° 0.046° 0.050? 0.048* 0.046" 0.044° 0.050? 14.4 *
P/K 0.096° 0.099? 0.103? 0.111° 0.097° 0.107° 0.112? 29.1 NS
P/Ca 0.055¢ 0.074° 0.064° 0.064° 0.047¢ 0.061° 0.073% 27.1 *k
P/Mg 0.344° 0.3842 0.437° 0.366° 0.337° 0.342° 0.367° 35.5 NS
P/S 1.077* 0.967° 0.882° 0.9442 0.956° 0.738¢ 1.0332 23.7 *
P/B 0.016° 0.022? 0.020? 0.019? 0.016° 0.017° 0.019? 46.2 NS
P/Cu 0.164* 0.197* 0.160* 0.167* 0.193* 0.152° 0.163* 56.0 NS
P/Fe 0.008* 0.012* 0.012* 0.011* 0.010* 0.011* 0.013* 38.0 NS
P/Mn 0.010° 0.012* 0.012* 0.012* 0.011° 0.012° 0.011* 61.5 NS
P/Zn 0.207° 0.191* 0.196* 0.227° 0.195° 0.157° 0.220? 24.9 *
K/N 0.485° 0.490? 0.5242 0.458? 0.506° 0.440° 0.4892 22.6 NS
K/P 10.98* 10.942 10.712 9.839° 11.36* 10.222 10.08* 33.7 NS
K/Ca 0.611° 0.820? 0.683% 0.6237 0.528° 0.631° 0.7432 44.0 NS
K/Mg 3.787° 4.228* 4.650* 3.526° 3.874° 3.556° 3.667° 46.3 NS
K/S 11.53* 10.22* 8.895° 8.856" 10.36* 7.393b 9.895* 272 **
K/B 0.175° 0.240? 0.205% 0.174% 0.183% 0.166° 0.188% 47.1 NS
K/Cu 1.764* 2.022* 1.531° 1.553% 2.049° 1.440° 1.479* 52.0 NS
K/Fe 0.091° 0.127¢ 0.1232 0.109° 0.115° 0.107° 0.126* 45.5 NS
K/Mn 0.112° 0.1172 0.1272 0.119? 0.121° 0.125° 0.109? 61.5 NS
K/Zn 2.2232 2.080? 2.008? 2.149° 2.118° 1.570° 2.126* 30.6 NS
Ca/N 0.861° 0.661° 0.813° 0.798° 1.046* 0.758¢ 0.735¢ 23.9 *
Ca/P 19.39% 14.43¢ 16.33¢ 16.78¢ 22.78* 17.13¢ 14.79¢ 25.0 *
Ca/K 1.866* 1.450* 1.671* 1.866* 2.202* 1.896* 1.662* 41.6 NS
Ca/Mg 6.315° 5.207° 6.783% 5.686" 7.143% 5.621° 5.059° 23.7 *
Ca/S 20.70° 13.46° 13.99° 15.30° 21.49* 12.48° 14.89° 28.6 **
Ca/B 0.312° 0.304* 0.304* 0.287¢ 0.370° 0.281° 0.273% 42.9 NS
Ca/Cu 3.108° 2.769° 2.607° 2.767° 4.268° 2.673° 2.390° 59.2 *
Ca/Fe 0.164° 0.163* 0.188? 0.186° 0.230° 0.180° 0.187¢ 37.7 NS
Ca/Mn 0.1982 0.160? 0.196* 0.192¢ 0.223% 0.207° 0.155° 572 NS
Ca/Zn 3.906° 2.656" 3.121° 3.743% 4.346° 2.629° 3.169° 28.0 *
Mg/N 0.139° 0.130? 0.126* 0.1442 0.158° 0.140° 0.147¢ 30.2 NS
Mg/P 3.161° 2.851* 2.529° 3.044° 3.434° 3.188° 2.966° 31.2 NS
Mg/K 0.305* 0.287* 0.263* 0.340* 0.340* 0.356* 0.329* 50.2 NS
Mg/Ca 0.164° 0.198* 0.155° 0.182° 0.150° 0.186* 0.202° 19.7 **
Mg/S 3.334° 2.635° 2.169° 2.762° 3.255° 2.297° 2.977° 32.9 *
Mg/B 0.049° 0.058* 0.046* 0.051% 0.055° 0.050° 0.054* 39.2 NS
Mg/Cu 0.489° 0.5532 0.4122 0.487° 0.636° 0.487° 0.465° 62.8 NS
Mg/Fe 0.026° 0.0322 0.029? 0.0342 0.035° 0.033% 0.037¢ 41.2 NS
Mg/Mn 0.031° 0.031% 0.030? 0.034° 0.032° 0.037° 0.031% 58.2 NS
Mg/Zn 0.640° 0.521° 0.479° 0.674° 0.653% 0.485° 0.633? 32.1 **
S/N 0.043> 0.049° 0.061* 0.053° 0.049° 0.062* 0.050° 219 wok
S/P 0.981° 1.098° 1.230° 1.130° 1.092° 1.405* 1.021° 25.8 **
S/K 0.092° 0.106° 0.119° 0.120° 0.101° 0.148° 0.109° 27.8 *
S/Ca 0.053° 0.078* 0.077* 0.069* 0.050° 0.084° 0.073* 26.7 **
S/Mg 0.328° 0.401° 0.5242 0.391° 0.364° 0.469° 0.363° 34.7 *
S/B 0.015° 0.023? 0.023? 0.019° 0.018" 0.022° 0.019° 34.9 *k
S/Cu 0.158° 0.207* 0.181% 0.181% 0.205° 0.210° 0.1592 55.6 NS
S/Fe 0.008" 0.0132 0.0142 0.0122 0.011° 0.015° 0.013? 39.2 *

Continued on next page
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Table 3. Continued.
Relationships Genotypes cv F test
5V 6V 8V oV 10V 12V 13V

S/Mn 0.010° 0.012¢ 0.014? 0.013? 0.011? 0.017* 0.011? 61.0 NS
S/Zn 0.197° 0.204° 0.230* 0.247* 0.2055 0.215° 0.218" 23.6 *
B/N 3.2212 2.417* 2.876* 2.997* 3.089* 3.044% 2915 34.8 NS
B/P 72.32% 52.88* 57.66* 63.56" 67.79* 69.00* 59.44* 36.0 NS
B/K 6.927* 5.217* 5.849* 6.818* 6.456* 7.320* 6.414* 44.4 NS
B/Ca 3.9212 3.696* 3.492% 3.817* 3.089* 4.1112 4.075* 31.9 NS
B/Mg 23.85% 18.74* 23.42* 21.22* 22.28* 22.69* 20.29* 36.2 NS
B/S 75.14% 47.98¢ 48.26° 56.96° 63.19° 49.38¢ 58.03¢ 32.0 *
B/Cu 11.37* 9.843* 8.895% 10.44* 12.64* 9.931* 8.854* 62.5 NS
B/Fe 0.594* 0.588* 0.626* 0.682* 0.698* 0.693* 0.729* 419 NS
B/Mn 0.730* 0.562* 0.663* 0.746* 0.699* 0.8432 0.605* 66.6 NS
B/Zn 14.80* 9.752> 10.79° 13.892 12.86* 10.24° 12.36* 35.1 **
Cu/N 0.332% 0.316* 0.438* 0.350* 0.287* 0.3932 0.444* 52.5 NS
Cu/P 7.489* 7.064* 8.980° 7.775% 6.457* 9.402* 9.189* 61.4 NS
Cu/K 0.710* 0.660* 0.838* 0.800* 0.582* 0.917* 0.928* 53.9 NS
Cu/Ca 0.402° 0.512* 0.577* 0.475% 0.293° 0.577* 0.652* 64.1 *
Cu/Mg 2.438° 2.630° 3.900* 2.613° 2.024° 3.144° 3.215% 61.2 *
Cu/S 7.968* 6.532° 7.406* 6.835% 5.909* 6.723* 8.988* 55.2 NS
Cu/B 0.113* 0.146* 0.169* 0.132% 0.102* 0.1432 0.165* 61.0 NS
Cu/Fe 0.061* 0.076* 0.104* 0.086* 0.065* 0.095* 0.109* 70.7 NS
Cu/Mn 0.068* 0.070* 0.097* 0.082* 0.057* 0.099* 0.087* 64.4 NS
Cu/Zn 1.500% 1.280* 1.666* 1.652% 1.191* 1.3912 1.908* 54.2 NS
Fe/N 6.210* 4.7232 5.025% 4.964* 5.276* 5.322° 4.670* 543 NS
Fe/P 138.4% 101.9* 98.71* 101.2% 113.2¢ 119.2% 92.77* 49.9 NS
Fe/K 13.282 9.9922 9.945% 11.08* 11.04* 12.812 10.122 62.6 NS
Fe/Ca 7.895% 7.304* 6.219* 6.463* 5.179* 7.276* 6.837% 61.0 NS
Fe/Mg 47.21* 37.82% 42.68* 36.23* 38.56" 40.312 33.17* 60.3 NS
Fe/S 145.42 96.87° 84.19° 93.70° 106.8° 89.02° 95.29° 54.3 *
Fe/B 2.229* 2.121* 1.800* 1.757* 1.931* 1.810* 1.745* 60.2 NS
Fe/Cu 21.95* 18.03* 14.82* 17.01* 21.04* 16.59* 13.312 61.2 NS
Fe/Mn 1.365% 1.1122 1.176* 1.220* 1.177% 1.4082 0.974* 68.4 NS
Fe/Zn 28.48* 19.08* 18.66* 23.00* 21.79* 18.47% 19.44* 52.2 NS
Mn/N 5.741* 5.896* 5.423* 4.972° 6.184* 4.749* 5.815% 54.3 NS
Mn/P 131.0* 134.42 109.8* 106.1* 134.0* 108.9* 117.0* 57.2 NS
Mn/K 12.57 12.32¢ 11.11* 12.31* 13.15* 12.00* 13.40* 68.6 NS
Mn/CA 6.935% 9.547* 6.882* 6.307* 5.847* 6.538% 8.220* 57.3 NS
Mn/Mg 41.44* 49.07* 45.61* 34.90* 39.92% 35.55% 40.82? 534 NS
Mn/S 141.7* 121.6* 93.01* 98.82° 127.7* 81.87* 121.3* 63.7 NS
Mn/B 1.9412 2.685% 2.037* 1.832% 2.071* 1.8292 2.220* 63.1 NS
Mn/Cu 18.88* 21.76* 16.38% 16.04* 22.18* 14.522 16.252 63.3 NS
Mn/Fe 1.052* 1.5132 1.304* 1.213% 1.360* 1.195% 1.463* 69.8 NS
Mn/Zn 26.64* 24.712 20.52% 24.22% 24.72% 16.87* 24.82% 59.9 NS
Zn/N 0.224> 0.252° 0.265* 0.224> 0.251° 0.296* 0.237° 21.5 **
Zn/P 5.059° 5.544° 5.334° 4.712° 5.540° 6.799* 4.792° 25.9 *k
Zn/K 0.476" 0.547° 0.530° 0.505° 0.515" 0.7232 0.517° 34.6 *x
Zn/Ca 0.271¢ 0.396* 0.337° 0.293¢ 0.253¢ 0.403* 0.344° 28.7 **
Zn/Mg 1.705° 2.0312 2.263* 1.652° 1.795° 2.255% 1.717° 324 *k
Zn/S 5.314* 5.201* 4.521* 42820 5.115% 4.8912 4.824* 235 NS
Zn/B 0.081° 0.118* 0.101* 0.082° 0.089° 0.106* 0.088" 38.0 *
Zn/Cu 0.811* 1.036* 0.812* 0.751* 1.017% 0.968* 0.734* 52.1 NS
Zn/Fe 0.042° 0.064* 0.061* 0.053" 0.056* 0.070* 0.059* 39.2 *x
Zn/Mn 0.051* 0.063* 0.063* 0.058* 0.054* 0.081* 0.049* 61.4 NS

For each nutrient relationship, the mean values followed by different letters indicate significant differences between
genotypes according to the Scott-Knott test at 5% probability. NS = not significant; **highly significant (P <0.01);
*significant (P < 0.05).

Similar results were observed in the leaves of conilon coffee seedlings by Covre et
al. (2013). Differences in the nutritional status of the leaf may be associated with different
nutritional requirements over the course of a year (Partelli et al., 2014b; Marré et al., 2015).
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Table 4. Mean values, CV, and F- and Scott-Knott test results for foliar nutrient relationships in seven conilon
genotypes of the clonal variety Vitoria Incaper 8142 with crop yield either equal to or greater than 100 bags
per hectare (average from 2012 and 2013 harvests) during the bean-filling stage.

Relationships Genotypes Ccv F test
5V 6V 8V v 10V 12V 13V

N/P 22.62° 22.13% 20.21° 21.30° 22.00° 23.10° 20.21° 17.0 NS
N/K 2.132¢ 2.138* 2.022¢ 2.289° 2.062° 2.404° 2.176* 239 NS
N/Ca 1.231° 1.619° 1.283° 1.332° 1.016¢ 1.396° 1.460° 26.9 *E
N/Mg 7.618° 8.333¢ 8.706° 7.519° 7.341° 7.808° 7.293° 322 NS
N/S 2397 20.81° 17.52¢ 19.56° 20.58° 16.87¢ 20.46° 19.7 *E
N/B 0.362° 0.484° 0.395° 0.379° 0.357° 0.382° 0.381°* 424 NS
N/Cu 3.660° 4.229° 3.141° 3.382° 4.119° 3.361° 3.160° 52.5 NS
N/Fe 0.188* 0.258* 0.240* 0.241* 0.225* 0.245* 0.256* 382 NS
N/Mn 0.229° 0.245° 0.245° 0.250° 0.233° 0.277 0.214* 57.0 NS
N/Zn 4.607* 4.156* 3.888° 4.732° 4.196* 3.555° 4.335* 21.2 *E
P/N 0.045° 0.046° 0.050° 0.048° 0.046° 0.044° 0.050° 144 *
P/K 0.096 0.099° 0.103° 0.111° 0.097* 0.107 0.112° 29.1 NS
P/Ca 0.055¢ 0.074* 0.064° 0.064° 0.047¢ 0.061° 0.073* 27.1 *E
P/Mg 0.344° 0.384° 0.437° 0.366° 0.337° 0.342° 0.367° 355 NS
P/S 1.077* 0.967 0.882° 0.9442 0.956° 0.738¢ 1.033* 23.7 ok
P/B 0.016 0.022° 0.020° 0.019° 0.016 0.017* 0.019* 46.2 NS
P/Cu 0.164 0.197* 0.160°* 0.167* 0.193 0.152¢ 0.163* 56.0 NS
P/Fe 0.008* 0.012* 0.012* 0.011* 0.010* 0.011* 0.013* 38.0 NS
P/Mn 0.010° 0.012° 0.012° 0.012° 0.011° 0.012° 0.011° 61.5 NS
P/Zn 0.207 0.191° 0.196 0.227° 0.195° 0.157° 0.220° 249 *E
K/N 0.485° 0.490° 0.524° 0.458° 0.506° 0.440° 0.489° 22.6 NS
K/P 10.98° 10.94* 10.71° 9.839° 11.36° 10.22° 10.08° 337 NS
K/Ca 0.611° 0.820° 0.683° 0.623° 0.528° 0.631° 0.743* 44.0 NS
K/Mg 3.787° 4.228° 4.650° 3.526° 3.874 3.556* 3.667° 46.3 NS
K/S 11.53* 10.22* 8.895" 8.856" 10.36* 7.393° 9.895* 27.2 **
K/B 0.175 0.240° 0.205° 0.174* 0.183° 0.166* 0.188* 47.1 NS
K/Cu 1.764* 2.022* 1.531* 1.553* 2.049* 1.440° 1.479* 52.0 NS
K/Fe 0.091° 0.127* 0.123° 0.109° 0.115° 0.107° 0.126 455 NS
K/Mn 0.112° 0.117* 0.127° 0.119° 0.121° 0.125° 0.109° 61.5 NS
K/Zn 2.223% 2.080° 2.008° 2.149° 2.118° 1.570° 2.126° 30.6 NS
Ca/N 0.861° 0.661¢ 0.813° 0.798° 1.046° 0.758¢ 0.735¢ 239 *E
Ca/P 19.39° 14.43¢ 16.33¢ 16.78¢ 22.78° 17.13¢ 14.79¢ 25.0 *E
Ca/K 1.866° 1.450° 1.671° 1.866° 2.202° 1.896* 1.662* 41.6 NS
Ca/Mg 6.315° 5.207° 6.783° 5.686" 7.143% 5.621° 5.059° 237 ok
Ca/S 20.70° 13.46° 13.99° 15.30° 21.49° 12.48° 14.89° 28.6 ok
Ca/B 0.312° 0.304° 0.304° 0.287° 0.370° 0.281° 0.273* 429 NS
Ca/Cu 3.108° 2.769° 2.607° 2.767° 4.268° 2.673° 2.390° 59.2 *
Ca/Fe 0.164° 0.163° 0.188° 0.186° 0.230° 0.180° 0.187* 377 NS
Ca/Mn 0.198° 0.160° 0.196° 0.192° 0.223° 0.207° 0.155° 57.2 NS
Ca/Zn 3.906° 2.656° 3.121° 3.743° 4.346° 2.629° 3.169° 28.0 *E
Mg/N 0.139° 0.130° 0.126 0.144 0.158° 0.140° 0.147% 30.2 NS
Mg/P 3.161° 2.851° 2.529° 3.044° 3.434 3.188° 2.966* 31.2 NS
Mg/K 0.305° 0.287° 0.263° 0.340° 0.340° 0.356* 0.329* 50.2 NS
Mg/Ca 0.164° 0.198* 0.155" 0.182* 0.150° 0.186* 0.202* 19.7 **
Mg/S 3.334° 2.635° 2.169° 2.762° 3.255° 2.297° 2.977* 329 *E
Mg/B 0.049° 0.058* 0.046 0.051° 0.055° 0.050° 0.054* 392 NS
Mg/Cu 0.489° 0.553° 0.412° 0.487° 0.636° 0.487° 0.465° 62.8 NS
Mg/Fe 0.026° 0.032° 0.029° 0.034 0.035° 0.033* 0.037 412 NS
Mg/Mn 0.031° 0.031° 0.030° 0.034 0.032° 0.037* 0.0312 58.2 NS
Mg/Zn 0.640° 0.521° 0.479° 0.674* 0.653° 0.485° 0.633° 32.1 *E
S/N 0.043° 0.049° 0.061° 0.053% 0.049° 0.062* 0.050° 219 ok
S/P 0.981° 1.098° 1.230° 1.130° 1.092° 1.405% 1.021° 25.8 ok
S/K 0.092° 0.106° 0.119° 0.120° 0.101° 0.148° 0.109° 27.8 *E
S/Ca 0.053° 0.078* 0.077 0.069° 0.050° 0.084* 0.073* 26.7 ok
S/Mg 0.328° 0.401° 0.524° 0.391° 0.364° 0.469° 0.363° 347 *E
S/B 0.015° 0.023° 0.023° 0.019° 0.018° 0.022° 0.019° 349 *E
S/Cu 0.158° 0.207° 0.181° 0.181° 0.205° 0.210° 0.159° 55.6 NS
S/Fe 0.008° 0.013° 0.014* 0.012° 0.011° 0.015° 0.013° 392 *E

Continued on next page
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Table 4. Continued.
Relationships Genotypes Ccv F test
5V 6V 8V oV 10V 12V 13V

S/Mn 0.010° 0.012° 0.014* 0.013* 0.011° 0.017* 0.011° 61.0 NS
S/Zn 0.197° 0.204° 0.230° 0.247* 0.2055 0.215° 0.218" 23.6 *
B/N 3.221* 2.417° 2.876 2.997 3.089° 3.044° 2.915° 34.8 NS
B/P 72.32° 52.88° 57.66° 63.56° 67.79° 69.00° 59.44° 36.0 NS
B/K 6.927° 5.217° 5.849° 6.818° 6.456° 7.320° 6.414° 444 NS
B/Ca 3.921° 3.696° 3.492° 3.817° 3.089° 4.111° 4.075 319 NS
B/Mg 23.85° 18.74* 23.42° 21.22° 22.28° 22.69° 20.29° 36.2 NS
B/S 75.14° 47.98¢ 48.26° 56.96 63.19° 49.38¢ 58.03¢ 320 ok
B/Cu 11.37* 9.843° 8.895¢ 10.44° 12.64* 9.931° 8.854° 62.5 NS
B/Fe 0.594° 0.588° 0.626° 0.682° 0.698° 0.693° 0.729° 419 NS
B/Mn 0.730° 0.562° 0.663° 0.746 0.699* 0.843° 0.605° 66.6 NS
B/Zn 14.80* 9.752° 10.79° 13.89° 12.86* 10.24° 12.36* 35.1 ok
Cu/N 0.332° 0.316* 0.438° 0.350° 0.287* 0.393* 0.444* 52.5 NS
Cu/P 7.489° 7.064° 8.980° 7.775° 6.457° 9.402° 9.189° 614 NS
Cu/K 0.710° 0.660* 0.838° 0.800° 0.582° 0.917* 0.928* 53.9 NS
Cu/Ca 0.402° 0.512* 0.577* 0.475* 0.293° 0.577* 0.652* 64.1 *
Cu/Mg 2.438° 2.630° 3.900° 2.613° 2.024° 3.144° 3.215° 61.2 *
Cu/S 7.968* 6.532* 7.406* 6.835% 5.909* 6.723* 8.988* 552 NS
Cu/B 0.113* 0.146 0.169° 0.132° 0.102° 0.143° 0.165° 61.0 NS
Cu/Fe 0.061° 0.076* 0.104 0.086° 0.065° 0.095° 0.109° 70.7 NS
Cu/Mn 0.068° 0.070° 0.097* 0.082° 0.057° 0.099° 0.087° 64.4 NS
Cu/Zn 1.500° 1.280° 1.666 1.652° 1.191° 1.391° 1.908° 54.2 NS
Fe/N 6.210° 4.723° 5.025° 4.964 5.276° 5.322° 4.670* 54.3 NS
Fe/P 138.4* 101.9° 98.71° 101.2¢ 113.2¢ 119.2 92.77* 49.9 NS
Fe/K 13.28° 9.992¢ 9.945° 11.08* 11.04* 12.81° 10.122 62.6 NS
Fe/Ca 7.895° 7.304° 6.219° 6.463° 5.179* 7.276° 6.837° 61.0 NS
Fe/Mg 47212 37.82¢ 42.68° 36.23° 38.56* 40.31° 33.17° 60.3 NS
Fe/S 145.4* 96.87° 84.19° 93.70° 106.8° 89.02" 95.29° 54.3 *
Fe/B 2.229* 2.121* 1.800* 1.757* 1.931* 1.810* 1.745* 60.2 NS
Fe/Cu 21.95% 18.03° 14.82° 17.01° 21.04* 16.59° 13312 61.2 NS
Fe/Mn 1.365* 1.1122 1.176* 1.220? 1.177* 1.408? 0.974* 68.4 NS
Fe/Zn 28.48* 19.08° 18.66 23.00° 21.79° 1847 19.44* 52.2 NS
Mn/N 5.741° 5.896° 5.423° 4.972° 6.184° 4.749 5.815° 54.3 NS
Mn/P 131.0° 134.4° 109.8* 106.1* 134.0 108.9* 117.0 57.2 NS
Mn/K 12.57* 12.32* 11.112 12.312 13.15% 12.00* 13.40° 68.6 NS
Mn/CA 6.935° 9.547° 6.882° 6.307° 5.847° 6.538° 8.220° 57.3 NS
Mn/Mg 41.44° 49.07 45.61° 34.90° 39.92¢ 35.55° 40.82* 53.4 NS
Mn/S 141.7° 121.6* 93.01° 98.82° 127.7* 81.87° 121.3 63.7 NS
Mn/B 1.941° 2.685° 2.037° 1.832° 2.071° 1.829° 2.220° 63.1 NS
Mn/Cu 18.88* 21.76* 16.38° 16.04* 22.18* 14.52° 16.25% 633 NS
Mn/Fe 1.052* 1.513° 1.304° 1.213* 1.360* 1.195° 1.463* 69.8 NS
Mn/Zn 26.64* 24.71° 20.52° 24.22° 24.72° 16.87 24.82° 59.9 NS
Zn/N 0.224° 0.252° 0.265° 0.224° 0.251° 0.296 0.237° 21.5 ok
Zn/P 5.059° 5.544° 5334 4.712° 5.540° 6.799° 4.792° 259 ok
Zn/K 0.476° 0.547° 0.530° 0.505° 0.515° 0.723* 0.517° 34.6 **
Zn/Ca 0.271¢ 0.396° 0.337° 0.293¢ 0.253¢ 0.403° 0.344° 28.7 ok
Zn/Mg 1.705° 2.031* 2.263* 1.652° 1.795° 2.255* 1.717° 324 *
Zn/S 5.314* 5.201° 4.521° 4.282° 5.115° 4.891° 4.824 235 NS
Zn/B 0.081° 0.118° 0.101° 0.082° 0.089° 0.106 0.088° 38.0 *
Zn/Cu 0.811° 1.036 0.812° 0.751° 1.017° 0.968° 0.734* 52.1 NS
Zn/Fe 0.042° 0.064* 0.061° 0.053° 0.056° 0.070° 0.059° 392 **
Zn/Mn 0.051° 0.063° 0.063° 0.058° 0.054* 0.081° 0.049° 614 NS

For each relationship between two nutrients, the mean values followed by different letters indicate significant
differences between genotypes according to the Scott-Knott test at 5% probability. NS = not significant; **highly
significant (P < 0.01); *significant (P < 0.05).

In general, there was marked variation in the nutrient content of leaves, demonstrating that the
nutritional requirement of coffee leaves can vary with both genotype and physiological stage.
Changes in the nutrient content of different conilon coffee genotypes were observed months
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after flowering and have been attributed to nutrient reallocation from the vegetative organs to
bean production (Prezotti and Braganga, 2013).

A balanced supply of N determines P absorption and translocation rates (Groot et al.,
2003). The 8V, 9V, and 12V genotypes exhibited the highest P and Cu values. The highest N,
P, and Cu values in those clones can be attributed to the greater need for these nutrients for
biochemical reactions, the greater nutrient redistribution in growing points, and an increase
in their storage within vacuoles. Under conditions of limited N and P, greater efficiency of
nutrient use may be an important factor, as the plant could produce a greater yield with a lower
requirement for these nutrients (Tomaz et al., 2009; Taiz et al., 2015).

C. canephora clones showed greater growth in terms of height, stem diameter, leaf area,
and root volume and length when subjected to higher doses of N and P (Martins et al., 2013).
Covre et al. (2013) also observed variation among C. canephora clones. Notably, the 8V conilon
genotype showed greater growth compared with other genotypes due to increased absorption of
N and P. Overall, the 8V and 12V genotypes showed the highest production of biomass due to the
balance of nutrients allocated between the shoot and root (Contarato et al., 2010).

Among the 110 LNCRs, 37 were similar (P < 0.05), indicating that 33.6% of the
nutritional indexes were equal among the different genotypes during the pre-flowering stage
(Table 3). Greater differences between LNCRs were exhibited by the F-test (ANOVA) and
were classified with respect to the nutrient in the numerator: S, nine; Zn, seven; Ca, six; P, four,
N and Mg, three; B and Cu, two; K and Fe, one; and Mn, zero relationships (Table 3).

A total of 55 LNCRs were similar (P < 0.05) during the bean-filling stage, indicating
that 50% were significantly different in at least one of the genotypes according to the F-test
(Table 4). LNCRs exhibited greater differences according to the F-test (ANOVA) and were
classified with respect to the nutrient in the numerator: S, nine; Ca, eight; P, seven; K, six; N,
Mg, B, Cu and Fe, four relationships; and Mg, one relationship (Table 4).

In the present study, the influence of genotype on LNCs and LNCRs was clear, but
varied according to phenological stage. For example, values for the N/Ca relationship ranged
from 1.2 to 1.6 in the 5V and 6V genotypes, respectively, during the pre-flowering stage, and
from 1.2 to 1.9 in the 10V and 13V genotypes, respectively, during the bean-filling stage.
Therefore, the results of the present study show that leaf nutrient standards vary according to
both genotype and phenological stage.

Differences among genotypes with respect to both LNCs and LNCRs are probably related
to the high genetic variability in conilon coffee, because this species exhibits crosspollination,
with marked phenotypic differences among genotypes in terms of plant height, production
capacity, leaf shape, fruit ripening, and extraction capacity (Fonseca et al., 2004, 2006; Tomaz
et al., 2009; Contarato et al., 2010; Covre et al., 2013; Partelli et al., 2014b; Marré et al., 2015).

Genetic variability may confer greater absorption capacity (mainly related to the root
system) of certain nutrients to some genotypes subsequently improving their photosynthetic
performance. For example, the 8V, 9V, and 12V genotypes showed higher N, P, K, Mg, S,
and Cu values, which are essential nutrients for adequate functioning of the photosynthetic
apparatus. N and Mg are important elements related to ribulose-1,5-bisphosphate carboxylase/
oxygenase (Rubisco), which is a key photosynthesis enzyme (Taiz et al., 2015). P is essential
for lipid membranes and ATP synthesis (Marschner, 1995), while S plays key roles in iron-
sulfur enzyme activity during electron transport and in CO, incorporation into sugar in the
Calvin cycle in chloroplasts (Taiz et al., 2015).

K participates directly in stomatal opening, osmotic adjustment, photosynthate
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translocation, and enzyme activation (Taiz et al., 2015). Thus, strengthening of the
photosynthetic apparatus can result in higher photosynthate production and growth in the 8V,
9V, and 12V genotypes, as observed by Covre et al. (2013). However, plant yield is dependent
on assimilate partitioning; consequently, the highest photosynthetic rate may not result in the
highest yield (Long et al., 2015).

Several studies have shown that different genotypes (Wadt et al., 1999) exhibit differences
in nutrient concentrations under cultivation conditions (Partelli et al., 2006) and in different regions
(Dara et al., 1992; Wadt and Dias, 2012). Wadt et al. (1999), who studied different Eucalyptus
genotypes, found distinct differences in N, P, K, and Ca nutrient concentrations among conilon
genotypes. Reis Junior and Monnerat (2003) found that different yields of sugar cane plants were
associated with different diagnosis and recommendation integrated system relationships. Those
authors also reported that leaf nutrient standards need to be regionalized to ensure clear diagnosis.

The conilon coffee genotypes studied in the present research exhibited different leaf
nutrient standards and may therefore differ in their nutritional requirement to produce the
same yield and may require genotype-specific diagnosis. Although some genotypes presented
only one nutrient with a different mean value, this may indicate that each genotype could have
its own leaf nutrient standard.

Our findings showed that the clustering method revealed two consistent clusters, which
overall, further support the idea that LNC can vary according to conilon coffee genotype, and
although previous studies provided reference levels, it is possible that plants exhibit different
nutrient requirements depending on their growth conditions.

In conclusion, two clusters were formed by the clustering method, showing that
genetic diversity exists in LNCs and LNCRs among conilon coffee genotypes, during both the
pre-flowering and bean-filling stages. Additionally, the 8V, 10V, and 12V genotypes exhibited
the highest values for most of the nutrients, especially for N, P, and Cu. Leaf diagnosis can
be genotype-specific and may differ between phenological stages, which can help farmers to
reduce the cost of fertilizer and improve their income.
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