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ABSTRACT. Among the factors affecting cassava yield, the leaf
nutrients content has received little attention since cassava genotypes
may grow well under inappropriate nutrient supply, however showing
inadequate nutritional quality of tuberous roots. Considering this aspect,
the genetic diversity should be explored in order to determine standard
leaf nutrients in cassava genotypes. Thus, this study aimed at verifying
leaf nutrient content (NC) as well as relationships among leaf nutrients
(NR) in order to establish standard leaf nutrient level in twelve cassava
genotypes. The experiment was performed during 2014/2015 crop
seasons in northern region of Espirito Santo State, Brazil. A total of 24
samples were collected from each cassava genotype for quantification of
leaf nutrient contents (N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn and B).
UPGMA method for quantifying genetic diversity as well as Scott-Knott
for grouping averages were used. Our results reported low genetic
diversity for both NC and NR, corroborating with grouping Scott-Knott
test. Therefore, our leaf nutrients content values can represent an
adequate nutritional status of cassava genotypes, which can be used as
reference values for such specie
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INTRODUCTION

Considering the current and future scenarios, crop science will face huge challenge. On one hand, it will be needed
to increase crop yield, mainly those considered as primary foodstuffs for meeting the rising global food demand
linked to population growth (Khoo and Knorr, 2014; Long et al., 2015; Ort et al., 2015). On the other hand, the
impact of predicted climate changes on plant performance can cancel the possible future increases or even
decrease currently crop yield (Pugh et al., 2016).

Among the primary foodstuffs, cassava (Manihot esculenta Crantz) is used by approximately one billion people
in the daily diet, mainly in the tropical and subtropical regions of Asia, Latin America, and Africa (Brown et al.,
2016). Additionally, this species is one of the important raw materials for starch preparation, which has several
uses in the food, chemical, cosmetic, and pharmaceutical industries. According to FAO statistics (FAOSTAT,
2017), the cassava world production was > 268 million tons in 2016, being grown over an area of 23.87 million
hectares, with an average yield of 11.24 tons per hectare.

Cassava is considered be a crop resistant to several biotic and abiotic stress, mainly drought and pests (Nhassico
et al., 2008), although the predicted increases in air temperature and drought episodes can reduce tuber yield
(Brown et al., 2016). Moreover, cassava plants can maintain its yield under inappropriate nutrient supply, in
particular, at the expense of nutritional quality of tuberous roots (Pinstrup-Andersen, 2009). However, the
increased availability of nutrients can increase tuberous roots yield (Alves et al., 2012). Therefore, researches
focused on establishing adequate nutrient supply for cassava plants can maximize both tuber yield and quality.

Plant nutritional diagnosis depends on reference values such as critical level and sufficiency range for the nutrients
concentration, especially in the leaves (Partelli et al., 2006; Gomes et al., 2016). However, these reference values
are usually established in calibration experiments under controlled environments (Bhargava and Chadha, 1988),
so that obtained values are of limited use. In addition, such values are continually revised because the introduction
of new genotypes, improved methods of cultivation and environment changes, so requiring further experiments,
which are often expensive and time-consuming, especially for perennial crops (Wadt et al., 1998). In this sense,
a practical and efficient approach could be the use of nutrient status of leaves linked to the elevated productivity
from several commercial crops to obtain reference values (Beaufils, 1973). However, such approach should
consider the genetic diversity to establish a genotype-specific standard leaf nutrient.

Cassava is a diploid (2n=36 chromosomes) and monoic specie showing predominantly cross-pollination, thus,
this specie is highly heterozygous (Pootakhan et al., 2014). Although cassava is vegetative propagated, such specie
is considered to have large genetic diversity (Costa et al., 2013; Oliveira et Al., 2014; Silva et al., 2014). Therefore,
the nutritional requirements can be different among cassava genotypes so that researches aiming at evaluating
standard leaf nutrients are essential for establishing adequate nutrient supply for each genotype. Recent study done
with coffee plants showed leaf nutrients diagnoses can be genotype-specific and depend on phenological stages
(Gomes et al., 2016).

Considering other crops such as coffee, the leaf nutritional status can be interpreted using the “sufficiency range”
method, which generates leaf nutrient contents that are used as a reference (Partelli et al., 2006), although it does
not consider genetic diversity (Gomes et al., 2016). Regarding to this latter aspect, multivariate methods has been
used as useful tool for quantifying genetic diversity (Carvalho et al., 2012, Guedes et al., 2013; Rodrigues et al.,
2016; Kurosawa et al., 2017). Among multivariate methods, the unweighted pair group method with arithmetic
mean (UPGMA) is considered more efficacious (Hale and Dougherty, 1988) and, therefore such method has been
extensively used for quantifying genetic diversity in many species, including M. esculenta (Siqueira et al., 2009;
Sanoussi et al., 2015). That said, the present study aimed at verifying the genetic diversity of leaf nutrients and
establish the leaf nutrients content (NC) and their relationships (NR) of leaves from twelve cassava genotypes.
We hypothesized that there is considerable genetic diversity which should be considered to establish a genotype-
specific standard leaf nutrients.
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MATERIAL AND METHODS

Twelve cassava genotypes (Manihot esculenta Crantz; Table 1) were planted from 15-20 cm long cuttings and
spaced 1 x 0.6 m. This experiment was performed during 2014/2015 crop seasons in Vila Valerio city, northern
region of Espirito Santo State, Brazil (Latitude: 18° 57° 01" S; Longitude: 40° 18' 35” W), at an altitude of 140
m, with annual average temperature of 23 °C. The climate is classified as Aw, e.g., a warm tropical climate with
a dry season during winter and a rainy season during summer according to the Képpen classification (Képpen,
1931; Alvares et al., 2013), and average annual rainfall of 1200 mm (ANA, 2015).

Table 1. Manihot esculenta genotypes evaluated in the experiment.

Code Name Provenience
1 Gema de Ovo Embrapa
2 Eucalipto Embrapa
3 Camugquem Embrapa
4 Aipim do Sul Embrapa
5 Paraguai Embrapa
6 Cacauzinho Embrapa
7 Saracura Embrapa
8 Séo Rafael Embrapa
9 Cacau Embrapa
10 Amarela Farmer*
11 Goias Farmer*
12 Mandioca Grande Farmer*

*Cassava genotypes traditionally used by farmers.

At the time of planting, the soil was initially prepared using a disk harrow (grid) and rotary hoe. Thereafter,
longitudinal furrows were made where the long cuttings were placed with 10 cm deep and subsequently covered.
The both soil pH and fertility were adequately corrected based on soil analysis according to specific literature
(Prezzoti et al., 2007; Partelli et al., 2010). P and K were applied as superphosphate (330 Kg ha') and potassium
chloride (100 Kg hal), respectively, before planting, while top-dressing fertilization of N was carried out 50 days
after planting as urea (65 kg ha ). During crop cultivation, especially in the initial phase, both sprinkle irrigation
and manual weed control management strategies were adopted.

Leaf samples were collected six months after planting from twelve cassava genotypes. A composite sample of 24
leaves was collected during each evaluation period per genotype 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 for each genotype
as well as the direct relationships among all the nutrients studied.

The data were analyzed simultaneously using the unweighted pair group method with arithmetic mean (UPGMA)
method to create groups through clustering. For the UPGMA 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
UPGMA 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 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). Mean values of leaf nutrients content (NC) and
direct relationships among nutrients (NR) data were subjected to analysis of variance, and the means were grouped
according to the Scott-Knott test at 5% probability using the Genes software (Cruz, 2013).

RESULTS AND DISCUSSION

Two clusters were formed based on Mahalanobis distance (D?) and the cut-off point of the dendrogram proposed
by Mojena (1977). The genotype 8 formed the first cluster while the second cluster was formed by other
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genotypes. The association between the cophenetic matrix and the distance matrix (D?) was confirmed using the
Mantel test (P < 0.01) with 1000 permutations, with the CCC being higher than 88 %. (Figure 1).
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Figure 1. Dendrogram obtained by unweighted pair group method with arithmetic mean (UPGMA) based on Mahalanobis distance
of twelve cassava genotypes with the cut-off point determined according to Mojena (1977) and cophenetic correlation coefficient
(Cce).

Considering both N and P, Scott-Knott test resulted in two groups, corroborating with clustering analysis of the
genotypes by the UPGMA method, however, with difference in number of genotypes in each group (Table 2).
Such discrepancy was also reported by Gomes et al. (2016) who assessed the genetic diversity of standard leaf
nutrients in Coffea canephora genotypes during phenological phases. The genotypes 1, 3, 4 and 8 showed the
higher N content values while the genotypes 1, 3, 4, 6 and 12 showed the higher P content ones. There were no
significant differences among genotypes for other nutrients (Table 2).

Table 2. Mean values and Scott-Knott test results for leaf nutrient contents (NC) measured in twelve
cassava genotypes during 2014/2015 crop seasons in Vila Valerio city, northern region of Espirito Santo

State, Brazil.
Genotypes Nutrients

N* P* K s Ca™ Mg ns gns
1 50.82 a 3.29a 11.72 18.02 4.56 2.61
2 43.73b 2.86 b 11.25 18.36 341 2.38
3 48.72 a 3.32a 13.44 14.35 3.88 2.56
4 47.29 a 3.32a 14.38 17.33 3.84 2.39
5 41.39b 2.55b 11.41 16.19 3.83 2.28
6 43.24b 3.00a 12.19 16.18 341 2.52
7 43.28b 2.76 b 12.35 19.91 4.07 2.49
8 47.32 a 2.57b 12.19 19.22 341 2.73
9 44.78 b 2.63 b 12.04 18.86 3.55 2.66
10 45.68 b 2.69b 12.50 19.26 3.69 2.61
11 45.45b 2.81b 13.13 17.58 3.58 2.54
12 44.78 b 33la 14.54 14.21 4.08 2.58

Genotypes Nutrients

Fe™ Znm cu™ Mn™ B™
1 213.50 86.75 7.00 269.75 66.50
2 150.75 70.00 6.50 200.00 67.75
3 172.00 77.25 6.75 263.50 60.75
4 159.50 76.00 6.25 231.00 59.50
5 142.75 54.75 b 5.25 222.25 72.25
6 167.00 80.75 6.50 280.00 62.00
7 152.00 72.25 5.25 258.75 61.50
8 191.50 79.25 7.00 274.00 81.00
9 193.25 79.50 6.75 305.50 78.50
10 194.75 75.50 6.75 269.00 76.00
11 173.25 72.00 6.25 256.75 68.75
12 179.25 75.25 6.50 266.75 65.50

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; *significant (P < 0.05).

The differences observed for both N and P may be linked to dynamic of such nutrients into plant metabolism,
related to other factories such as growth and yield. For instance, N is a structural component of Ribulose-1,5-
bisphosphate carboxylase/oxygenase (RuBisCO) and chlorophylls molecules which play a central role in
photosynthetic activity (Lambers et al., 2008). P is essential for lipid membrane and ATP synthesis which is the
energy currency for plant metabolism (Marschner, 1995; Taiz et al., 2015). Therefore, plants absorbing high levels
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of N and P may increase the cassava growth and yield (Séry et al., 2016). Despite differences among genotypes
for such nutrients, the NC shown in table 2 could be used as reference values since the mean yield was ca. 30 tons
ha?, which is considered elevated compared to the mean national yields for Brazil (Devide et al., 2009).

Regarding the NR, significant differences were only observed in P/Zn and K/Ca relationships, where the
genotypes 2, 3, 4, 5, 10, 11 e 12 showed the highest NR values for P/Zn, while the genotypes 3 and 10 showed
the highest NR values for K/Ca (Table 3). The NR have been confirmed be useful in demonstrating the plant
nutritional status since such method takes into account the relationships among nutrients rather than considering
themselves in isolation (Partelli et al., 2006, 2007; Gomes et al., 2016). That said, our NR values can represent an
adequate nutritional status of cassava genotypes, even though small differences were observed.

crop seasons in Vila Valerio city, northern region of Espirito Santo State, Brazil.

Table 3. Mean values and Scott-Knott test results for foliar nutrient relationships measured in twelve cassava genotypes during 2014/2015

Genotypes N/P™ N/K"™ N/S™ N/Mg"™ N/Cu™ N/B"™ P/Mg"™ P/Zn*
1 15.48 4.44 19.51 11.28 7.35 0.76 0.73 0.038 b
2 15.30 4.02 18.49 12.82 6.85 0.65 0.84 0.043a
3 14.70 3.71 19.41 12.57 7.48 0.83 0.86 0.044 a
4 14.47 3.31 20.34 12.69 7.89 0.84 0.87 0.045a
5 16.68 3.74 18.23 11.42 7.94 0.59 0.68 0.048 a
6 14.44 3.73 17.23 12.76 6.82 0.70 0.88 0.039b
7 15.75 3.56 17.41 10.90 8.46 0.71 0.70 0.038 b
8 18.53 3.90 17.37 14.37 7.05 0.58 0.78 0.032 b
9 15.94 3.49 17.68 12.71 7.29 0.65 0.80 0.040 b
10 13.84 3.18 17.75 11.92 7.16 0.71 0.86 0.044 a
11 15.19 3.70 18.00 12.67 8.05 0.70 0.85 0.042 a
12 14.32 3.94 17.86 11.79 7.13 0.76 0.82 0.043a
Relationships

Genotypes P/Cu™ K/Ca" K/Mg™ K/Mn"™ Ca/Mg"™ Ca/Mn"™ Fe/Mn"™

1 0.47 0.69 b 2.65 0.047 3.93 0.068 0.83

2 0.45 0.61b 3.33 0.064 5.40 0.100 0.84

3 0.51 0.96a 3.46 0.057 3.70 0.065 0.73

4 0.55 0.84b 3.86 0.067 4.67 0.079 0.78

5 0.48 0.70 b 3.16 0.066 4.52 0.089 0.80

6 0.47 0.77b 3.64 0.047 4.77 0.061 0.64

7 0.53 0.62b 3.17 0.056 5.14 0.092 0.70

8 0.38 0.64 b 3.67 0.052 5.68 0.084 0.86

9 0.46 0.75b 3.80 0.056 5.01 0.074 0.72

10 0.52 112a 3.78 0.058 3.47 0.055 0.73

11 0.53 0.75b 3.41 0.045 4.84 0.063 0.62

12 0.50 0.71b 2.99 0.051 424 0.076 0.84

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; *significant (P < 0.05).

Considering our results together, the clustering analysis of the genotypes by the UPGMA method showed low
genetic diversity among genotypes, corroborating with grouping Scott-Knott test. Therefore, our initial hypothesis
was not sustained so that both NC and NR vales can be considered as adequate for demonstrating adequate
nutritional status in a non-genotype-specific manner. Although we found low diversity genetic for NC and NR,
the variability for other important traits such as growth and yield remain to be explored in such genotypes.

CONCLUSION

There was low genetic diversity among genotypes, so that clustering analysis of the genotypes by the UPGMA
method resulted in two Clusters. The clustering analysis corroborated with grouping Scott-Knott test, which
showed little differences among genotypes for both NC and NR. Finally, genetic diversity is a useful tool for
establishing standard leaf nutrients content in cassava genotypes.
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