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ABSTRACT. The aim of this study was to perform a morphological and morphoagronomic analysis of wild 

Manihot species from a Brazilian semiarid region for inclusion in the collection at the Center for 

Agricultural Sciences, Federal University of Paraíba. To characterize the 55 accessions, 12 quantitative 

and 18 qualitative descriptors were used. A dissimilarity matrix was generated by Mahalanobis 

generalized distance (D²), and clusters were identified by the UPGMA method. It was possible to verify the 

formation of 8 dissimilar groups based on morphological characters and 5 groups based on morphometric 

characters, indicating the presence of genetic diversity among accessions. The evaluated morphometric 

variable with the greatest relative contribution was the length between the central lobe. Based on the 

dissimilarity matrix, the accessions 16 x 48 were the most genetically distant accessions, followed by 47 x 

49. The accessions 4 Monteiro, 16 Soledad, 38 Boa Vista, 3 Pedra Lavrada, 7 Junco, 10 Barra de Santa Rosa, 

21 Monteiro, and 39 Junco are the most promising and can be used as parents in breeding programs for 

this forage species. 
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Introducion 

The cassava is a naturally occurring plant in the Caatinga, belonging to the family Euphorbiaceae, genus 

Manihot, and is found in several areas of the northeastern semiarid region. It has great persistence to the 

drought, presents a system of tuberous roots that are very developed and able to accumulate solid reserves and 

water, and is one of the first species of the Caatinga to develop foliage soon after the beginning of the rainy 

season. It is used for the maintenance of herds of domestic animals. 

The Manihot tree species of the northeast region and the herbaceous species of the midwest region have weak 

barriers to reproductive isolation, which has led to extensive natural hybridization that makes the taxonomy and 

delineation of these species difficult. The use of morphometric and morphological descriptors can be used as a 

tool for differentiation through phenotypic characteristics, allowing easy identification and differentiation using 

a germplasm bank in the field, which is needed due to the high degree of diversity of the species. 

One use for the germplasm of the species is to estimate the genetic divergence to predict promising crossings 

(Krishnamurthy et al., 2013), which can be achieved using morphological and agronomic characters Vieira et al. 

(2013). Among the phenotypic descriptors, the ones with agronomic importance are most influenced by the 

environment. Additionally, they help to identify adapted accessions with productive potential. 

In view of the above, the objective of this study was to evaluate the genetic diversity and potential of cassava 

by means of morphometric and morphological characteristic analysis for breeding program inclusion via the 

germplasm bank. 

Material and methods 

For the purpose of characterization, 55 accessions of cassava at the reproductive stage of maturation 
between the end of flowering and the beginning of fruiting were selected for evaluation. Three plants per 
accession, located in the central line, all belonged to the Germplasm Active Bank (GAB) of the Federal 
University of Paraíba. The accessions in the BAG came from the Brazilian semiarid region, specifically from 
the municipalities of Soledade, Juazerinho, Pocinhos, Boa Vista, Sumé, Monteiro, Barra de Santa Rosa, 
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Picuí, Pedra Lavrada, Junco do Seridó, Cubati, Barra de Santana, and along the BR 230 between the 
municipalities of Boa Vista and Pocinhos (in the State of Paraíba, Brazil) and Taquaritinga do Norte and 
Santa Cruz do Capibaribe (in the State of Pernambuco, Brazil). 

The accessions were spaced with 1.0 m between rows and with 1.0 m between plants, allowing the plants 

to express full development, avoiding intergenotypic competition, and ensuring vegetative material for 

analysis as well as duplication for research. For characterization, 12 morphological descriptors and 18 

agronomic descriptors were used according to the methodology described by Fukuda, Guevara, Kawuki, and 

Ferguson (2010). 

The quantitative data were submitted to normality adjustment using the equation: x" = √ (x + 0.5). The 

quantitative traits were submitted to analysis of variance, and the means were grouped according to the 

Scott and Knott (1974) criterion at 5% probability. Then, the dissimilarity was analyzed by generalized 

Mahalanobis distance (D²), and clusters were determined by the UPGMA method (Sneath & Sokal, 1973). A 

bootstrap analysis was performed to verify and provide statistical support to the internal nodes of the 

dendrograms generated by the UPGMA clustering method using the Genes program (Cruz, 2006). The 

dendrogram cutoff point and group definition were generated by the hierarchical method described by 

Mojena (1977). 

The validation of the clusters was determined by the cophenetic correlation coefficient (Sokal & Rohlf, 

1962). The quantification of the relative contributions of the morphometric characteristics in the genetic 

divergence was estimated using the methodology proposed by Singh (1981). 

Results and discussion 

For accessions included in the cut dendrogram, the correlation was approximately 70% based on the 

morphological characters (Figure 1), and the formation of 8 groups of dissimilarity was observed, indicating 

diversity between the accessions evaluated; 26 accessions of the 55 evaluated belonged to group VIII. Group 

VI and group I presented only a single isolated individual, and the group I accession was the most 

genetically distant when compared to the others. The other groups, although less populous, showed 

variability among accessions from the same place of origin. 

 

Figure 1. UPGMA dendrogram obtained from the dissimilarity matrix (D2) of the 55 Manihot spp. accessions based on 12 morphological 

descriptors. The cophenetic correlation coefficient was 0.74. The dotted line represents the cutoff point based on the methodology 

proposed by (Mojena, 1977). Bootstrap values are expressed in percent for 100 repetitions. 
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Similar results were obtained by Campos et al. (2010) who evaluated the characterization of 53 genotypes 

of the genus Manihot using group analysis based on qualitative and quantitative characteristics, which have 

been shown to be useful in the study of diversity, serve to support the improvement of and the appropriate 

use in breeding programs and express the variability present in a germplasm bank based on multiple 

character evaluations. The least dissimilarity was between accessions Junco 7 and Barra de Santa Rosa 10, 

and the greatest dissimilarity was between Junco 7 and Pedra Lavrada 3. This genetic distance probably 

occurs because the accessions originate from opposing localities, making it impossible to exchange genetic 

material between them. 

The cophenetic correlation coefficient obtained for the comparison of the dissimilarity distance matrix 

and the cophenetic distance matrix was (r = 0.74*) with low distortion and low stress (Table 1), which is 

considered high and adequate, indicating a good correlation between distance and cluster matrices. Cruz 

and Carneiro (2006) stated that the higher the cophenetic correlation and the lower the distortion of the 

cluster, the better the agreement between the original values of dissimilarity and those represented by the 

dendrogram is, suggesting a good reliability of the data generated. 

Table 1. Cophenetic correlation of 12 morphological characters evaluated in 55 accessions of Manihot spp. 

Cophenetic correlation** 0.74 

Degrees of freedom 1483 

t-value** 41.83 

Distortion (%): 4.79 

Stress (%): 21.93 

**Significant at p ≤ 0.01. 

The percentages of distortions (4.79%) and stress (21.90%) are classified as good according to the Kruskal 

(1964) scale and show a good fit between the genetic similarity matrix and the graphical representation of 

the dendrogram (Table 1). 

The analysis of the results of the phenotype classes and their respective frequencies affirmed that the 

accessions belonging to the GAB presented genetic variability. No variability was detected only for the 

growth character of stipules; all the accessions evaluated presented short stipules, and the other characters 

had wide variability. These results allow the formation of the hypothesis that these accessions have a broad 

genetic base, which can be explained by the fact that they are a wild species. According to Asare, Galyuon, 

Sarfo, and Tetteh (2011), the morphological characteristics are useful for preliminary evaluation since they 

offer an easy and fast approach to evaluate the extent of diversity. 

It was observed that of the 55 evaluated accessions, 28 (50.91%) presented a cylindrical plant type. A 

dark green leaf color was observed in 90.91%, five lobes were observed in 85.45%, a straight growth habit 

was observed in 52.73%, and a branching level greater than 5 was observed in 41.82% (Table 2). This wide 

phenotypic variability is because the genotypes are of different origins. These factors can be taken into 

account for the choice of accessions in future breeding programs, as they will provide better management 

qualities, increased photosynthesis, a greater production of leaves and, consequently, more forage 

production. Silva et al. (2016) observed differences in all the phenotypic characteristics evaluated, reporting 

the variability of agronomic traits similar to those in this study, proving their efficiency in diversity studies. 

Vieira, Fialho, Silva, Fukuda, and Faleiro (2008) verified differences in all the quantitative traits, similar to 

those in this study, which revealed the existence of differences in the agronomic potential of the genotypes 

and supported the wide variability once accessions from different origins were evaluated. 

In the formation of the distinct groups (Figure 2), the variable with the largest number of groups was 
DMC, comprising six groups with averages varying from 10.73 mm for accession 53 to 36.49 mm for 
accession 16. This characteristic confers the plant capacity of support and sustentation of the same, mainly 
because it is a shrub-arbor species. 

For plant height (AP), number of axillary buds (NGA), number of floral branches (NRF), and number of 
senescent leaves (NFS) three groups were formed (a, b and c). Of the 55 accessions evaluated, for the 
variable plant height, 11 accessions were grouped in group (a) and were considered larger plants with values 
ranging from 226.30 cm in accession 24 to 155.30 cm in accession 1. Twenty-seven accessions in group b 
(medium sized) ranged from 147.50 cm in accession 33 and 115.00 cm in accession 43. The smaller plants 
were in group c with 17 accessions varying between 100.40 cm in accession 34 and 58.60 cm in accession 53. 

According to Rós, Hirata, Araújo, and Narita (2011), plant height is an important feature for the 
adequacy of spacing, for weed competition potential and for the use of branches as propagation material, as 
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taller and densely branched plants generally tend to have a higher potential for foliage production. Taller 
plants, however, are also more susceptible to bedding, which may hinder the material harvesting process 
and decrease photosynthetic activity. 

The lowest number of groups formed were in the number of flowers (NFlores), number of fruits 
(NFrutos), and length between leaf lobes (CLBF), with only 2 groups per variable. The number of flowers and 
fruits should be taken into account when a cross between an accession and propagated specimen of the 
same species is desired by means of seeds. 

Table 2. Characteristics of the phenotype classes (morphology) evaluated and frequency of accessions in each class. 

Feature Phenotypic Classes Number of accessions Frequency of accessions (%) 

Type of plant 1-Compact 1 1.82 

 2- Open 14 25.45 

 3- Sun Guard 12 21.82 

 4- Cylindrical 28 50.91 

Apical leaf color 1- Light green 4 7.27 

 2- Dark green 50 90.91 

 3- Green purple 1 1.82 

Central lobe shape 1- Ovoid 3 5.45 

 2- Elliptical-Lanceolate 3 5.45 

 3-Obovate- Lanceolate 46 83.64 

 4- Lanceolate 3 5.45 

Rib color 1- Green 42 76.36 

 2- Green with red in less than half of the lobe 13 23.64 

Number of lobes 1- Three Lobes 4 7.27 

 2- Five Lobes 47 85.45 

 3- Seven lobes 3 5.45 

 4- Nine Lobes 1 1.82 

Growth habit 1- Straight 29 52.73 

 2-Zig-zag 26 47.27 

Color of terminal branches 

on adult plants 1- Green 28 50.91 

 2- Green purple 26 47.27 

 3- Purple 1 1.82 

Branching levels 1-One 5 9.09 

 2-Two 9 16.36 

 3-Tree 6 10.91 

 4- For 12 21.82 

 5-≥ Five 23 41.82 

Position of the petiole 1- inclined 29 52.73 

 2- horizontal 26 47.27 

Lengths of stipules 1- Short 55 100.00 

 2- Long 0 0.00 

Leaf lobe sinuosity 1- Smooth 38 69.09 

 2- Winding 17 30.91 

Petiole color of green leaf 1- Reddish Green 42 76.36 

 2- Red 9 16.36 

 3- Purple 4 7.27 

 

For the number of branches (NR), number of leaves (NFs), diameter of the base of the leaf petiole (DBPF), 
mean leaf petiole diameter (DMPF), central lobe length (CLC), and upper lobe width LSLC), 4 groups were 
formed. For leaf petiole length (CPF), upper leaf petiole diameter (DSPF), and length between leaf median 
lobes (CLMF), 5 groups were formed. These characteristics are important in choosing the parents because, 
when used as fodder, they may provide a greater yield of dry matter. 

The greatest values found for length between the median lobes of the leaves were those belonging to group a, 
ranging from 28.30 cm in accession 3 and 24.15 cm in accession 30, and this character could be selected from a 
possible parent. Ledo et al. (2011) stated that the relationship between the length and width of the central lobe as 
well as the width of the central lobe influence the photosynthetic rate and, consequently, leaf mass production. 

The median width of the central lobe (LMLC) consisted of 8 distinct groups with higher values, ranging from 
16.00 cm in accession 15 and 18.50 in for accession 18, both of which belonged to group a (4 accessions). The 
lowest values were found in accessions 48 and 53 at 3.80 and 3.30 cm, respectively. Narrow leaf lobes allow less 
shading between the leaves of the same plant, which allows a better distribution and use of solar rays for 
photosynthesis. 
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Figure 2. The averages of 18 morphometric characters evaluated in 55 accessions (Manihot spp.) AP = plant height; NGA = number of 

axillary buds; DMC = mean stem diameter (mm); NR = number of branches; NFolhas = number of leaves; NFL number of flowers, NRFL- 

number of floral bouquets; NFR = number of fruits; NFS = number of senescent leaves; CPF = leaf petiole length (cm); DBPF = diameter 

of the leaf petiole base (mm); DMPF = mean leaf petiole diameter (mm); DSPF = upper leaf petiole diameter (mm); CLC = central lobe 

length (cm); LMLC = median lobe width (cm); LSLC = upper lobe width (cm); CLMF = length between the leaf lobes (cm); CLBF = length 

between the leaf lobes. *Means followed by the same letter in the columns do not differ statistically from the genetic group by the 

Scott-Knott test at 5%. 

It was possible to detect differences in the variation, with the variable length between the central lobes 
representing 19.17%. It is a characteristic of great importance in regard to the use of the species as forage 
since the size of leaf can infer a greater percentage of leaf mass (Table 3). 

Following the criterion of relevance, the number of axillary buds contributed 19.06%, plant height 
contributed 16.86% and the median central lobe width contributed 13.44%. The number of productive buds 
has great importance for branching and thus can contribute to the increase of productivity of greens and dry 
mass, which are the parts of the plant most used in animal feed. 

The variables base diameter and mean diameter of the leaf petiole can be ruled out in future breeding 

studies since they contributed only 0.66 and 0.44%, respectively, in the study of the diversity among the 

accessions. 

The matrix of genetic dissimilarity generated from morphometric data is shown in (Figure 3), showing 
the proximity and distance between the accessions evaluated. The most similar pair of accessions were 47 x 
49 (1.464), which could be discarded in the parental choice if used only for genetic proximity, reducing its 
contribution to the breeding program. The most dissimilar pair of accessions among all the accessions were 
16 x 48 (209.592), which makes them the most suitable to be used as parents of Manihot spp. for the genetic 
mapping of genes of interest. 

Acesso
AP      

(cm)

DCM 

(mm)
NGA NR N Leaf NFL NRFL N fruit NFS

CPF 

(cm)

DBPF 

(mm)

DMPF 

(cm)

DSPF 

(mm)

CLC 

(cm)

LMLC 

(cm)

LSLC 

(cm)

CLMF 

(cm)

CLBF 

(cm)

1 155,33a 32.37b 90b 11b 199a 2b 5b 28a 25a 17.50b 7.58a 4.78b 5.12b 18.83a 8.50e 6.60a 23.00a 21.80a

2 133,66b 26.90c 55b 11b 104b 0b 0c 0b 12a 16.20b 4.5b 3.64c 4.82c 15.66b 5.83f 3.50d 21.45b 19.30

3 115,2b 16.81e 22b 1d 20d 0b 1c 0b 1c 17.50b 6.28a 5.89a 7.89a 19.50a 9.07d 8.60a 28.30a 27.80a

4 176,1a 35.17a 198a 16a 142a 0b 0c 22a 33a 8.5e 2.83d 2.29d 2.81e 11.50c 6.50f 4.30c 17.80c 15.65b

5 111b 17.65e 29b 2d 32d 0b 0c 3b 7c 17.00b 5.29b 3.55c 4.33c 14.33b 6.00f 4.80c 19.30b 17.15b

6 79.00c 16.52e 10c 1d 31d 0b 0c 1b 0c 12.30d 3.32d 2.85d 3.89d 12.23c 4.25h 4.30c 13.10d 15.65b

7 153.00a 20.66d 27a 4c 54c 0b 0c 12a 15b 17.40b 5.60a 4.26b 4.82c 17.30a 7.50e 5.30b 19.00b 17.10b

8 146.00b 20,81d 21b 5c 72b 0b 0c 1b 3c 17.60b 3.79c 3.62c 4.52c 17.83a 7.50e 5.55b 21.50b 21.40a

9 143.00b 20.82d 28c 2d 12d 0b 0c 4b 1c 14.10c 4.50b 3.38c 4.12d 13.00c 7.15e 5.60b 12.90d 20.90a

10 108.50c 24.52c 100a 8b 112b 0b 0c 18a 24a 10.10d 3.69c 4.09c 3.20e 10.50d 4.75g 3.90d 12.75d 13.95b

11 165.30a 28.54c 94b 9b 54c 0b 0c 24a 13b 13.80c 4.58b 3.61c 4.48c 14.23b 7.05e 5.90b 16.25c 20.50a

12 144.30b 25.53c 42b 11b 81b 0b 0c 7b 22a 10.10d 3.80c 3.08d 3.39d 16.33b 12.15b 5.80b 4.80e 15.65b

13 121.30b 19.55d 36b 5c 54c 0b 0c 10b 2c 10.00d 4.62b 3.50c 4.15d 13.83c 12.50b 6.20b 4.65e 10.00b

14 150.00b 28.41c 35b 6b 72b 0b 2c 20a 0c 6.50e 2.86d 2.55d 2.33e 13.00c 11.10c 5.60b 4.00e 7.60b

15 117.30b 20.64d 37b 6b 38c 0b 0c 1b 6c 15.80c 6.21a 3.80c 4.85c 19.07a 16.00a 7.05a 5.60e 20.90a

16 173.00a 36.49a 138a 23a 188a 26a 9a 0b 22a 18.00b 4.74b 3.01d 3.38d 18.83a 15.50a 5.25b 3.50e 19.25a

17 143.30b 26.73c 36b 8b 39c 0b 0c 4b 8b 12.80c 4.74b 3.83c 4.61c 19.33a 14.50a 7.00a 5.90e 21.50a

18 169.30a 25.65c 48a 10b 62c 0b 0c 5b 12b 12.30c 5.02b 3.64c 4.82c 18.50a 14.50a 7.00a 5.30e 21.00a

19 150.00b 26.47c 41b 5c 62c 0b 0c 26a 1c 12.60d 5.44a 3.69c 3.82d 12.17c 12.00b 7.00a 5.50e 21.00a

20 127.60b 21.02d 18b 1d 12d 0b 2c 8b 2c 13.30c 3.95c 3.58c 3.98d 10.33d 12.00b 6.10b 5.30e 11.55a

21 144.30b 23.44c 16b 4c 43c 0b 0c 2b 4c 16.60b 4.27c 3.79c 4.62c 17.66a 12.50b 6.65a 5.50e 16.15b

22 63.50c 19.53c 8c 1d 7d 0b 0c 1b 3c 9.00d 3.90c 2.92d 2.55e 13.66c 11.20c 5.10b 3.60e 16.00b

23 77.60c 17.84e 16c 1d 27d 0b 0c 1b 5c 10.10d 3.19d 2.89d 3.05e 12.16c 10.30c 4.50c 4.00e 14.00b

24 226.30a 29.76b 54a 11b 106b 0b 0c 7b 8b 16;00c 3.58c 3.27c 3.85d 16.33b 11.60b 6.65a 5.15e 19.30a

25 118.00b 20.87d 17b 6b 41c 0b 0c 3b 11b 10.60d 4.12c 3.08d 3.39d 12.88c 11.30c 5.50b 4.30e 16.15b

26 76.60c 18.34d 37c 4c 32c 0b 0c 1b 2c 6;80e 3.05d 2,17d 2.21e 11.10c 9.30d 4.65c 3.80e 13.65b

27 76.60c 16.19e 17c 1d 23d 0b 0c 0b 3c 13.70c 3.62c 3.73d 2.94e 15.83b 14.00b 4.80c 4.00e 15.50b

28 164.00 25.25c 39a 9b 120b 0b 0c 2b 8b 15.10c 5.84a 3.32c 4.03d 19.83a 14.00b 5.80b 5.15e 18.50a

29 142.60b 18.86d 20b    3d  37c  0b   1c  4b 2c   15.50c    4.83b    4.44c    4.13d      16.17b       12.00b    5.10b       4.80e  15.60b

30 145.30b 28.50c  22b 5c   74b 0b   0c  0b   0c   24.80a  5.42a 3.99b    9.24a   16.83b      8.40e    7.00a     24.15a     26.00a

31 178.00a      30.23b 41a    8b   72b  0b 0c 15a 3c 13.00c 4.63b    2.97c 4.27c  18.33a      12.50b 5.10b 4.80e  19.80a

32 98.60c 19.60d 6c 1d 25d 0b 0c 0b 0c 9.20d 3.99c 2.95d 5.27b 9.8d 5.00g 3.50d 13.60d 11.25b

33 147.50b 22.52d 16b 9b 52c 0b 0c 0b 0c 19.80b 3.61c 3.35d 5.10b 13.13c 5.90f 5.20b 17.85c 17.45a

34 100.40c 17.33e 7c 3c 14d 0b 0c 3b 3c 11.80d 4.22c 3.51c 3.78d 12.50c 5.70f 4.15c 13.80d 18.15a

35 168.70a 27.25c 134a 15a 163a 0b 1c 15a 9b 15.80c 6.07a 3.96c 4.01d 15.87b 6.20f 4.50c 22.00b 19.80a

36 121.30b 17.60e 35b 6b 37c 0b 0c 2b 4c 9.90d 4.89b 2.53c 4.38c 12.50c 5.30g 3.50d 16.15c 16.30b

37 77.30c 14.65e 6c 5c 44c 0b 0c 2b 3c 9.80d 4.29c 2.28d 2.73e 9.5d 5.00g 4.50c 12.80d 15.30b

38 161.80a 29.20b 86a 10b 194a 0b 0c 40a 2c 9.50d 3.99c 4.12d 2.94e 11.5c 5.50g 4.50c 14.65d 15.50b

39 136.00b 20.53d 39b 5c 57c 0b 1c 3b 2c 12.10d 5.77a 4.03c 5.68b 13.67c 6.80e 5.50b 16.30c 19.15a

40 142.00b 21.70d 31b 6b 60c 0b 0c 16a 5c 16.30b 5.54a 3.53c 4.28c 18.83a 7.30e 4.85c 24.50a 24.65a

41 126.00b 18.62d 19b 5c 49c 0b 0c 7b 2c 13.90c 4.71b 3.60c 4.10d 15.67b 5.20g 3.30d 17.50c 19.00a

42 100.50c 19.53d 7c 3c 42c 0b 0c 0b 2c 16.50b 4.55b 3.05c 4.45c 15.33b 5.00g 4.05c 22.15b 14.80b

43 115.00b 21.83d 35b 4c 24d 0b 1c 7b 1c 8.00e 3.92c 4.45d 3.43d 9.67d 3.80h 3.30d 14.15d 13.30b

44 117.30b 23.82c 31b 4c 67b 0b 0c 1b 16b 21.30a 5.46a 3.85b 4.81c 16.83b 8.20d 6.30a 26.15a 13.00b

45 134.00b 21.51d 24b 4c 73b 0b 0c 29a 1c 13.00c 5.46a 3.61c 4.89c 14.50b 5.80f 5.15b 17.30c 12.65b

46 63.40c 18.30d 8c 1d 17d 0b 0c 0b 0c 18.30b 4.09c 3.65c 6.25b 14.37b 6.20f 5.55b 21.65b 24.50a

47 88.50c 16.52e 10c 2d 38c 0b 0c 0b 0c 16.40b 4.28c 2.20c 5.78b 11.83c 5.30g 5.40b 20.30b 16.00b

48 64.00c 18.60d 8c 1d 17d 0b 0c 0b 0c 6.80e 2.68d 3.46d 3.48d 7.67d 3.50h 3.05d 10.80d 9.40b

49 88.00c 16.52e 8c 2d 41c 0b 0c 0b 0c 13.80c 3.99c 2.80c 4.82c 11.47c 6.25f 5.65b 17.23c 15.60b

50 82.30c 16.75e 8c 1d 12d 0b 0c 0b 0c 10.80d 3.05d 3.36d 3.95d 10.37d 4.10h 3.80d 16.10c 15.40b

51 112.30b 16.56e 17b 1d 19d 0b 0c 0b 0c 15.50c 3.91c 2.91c 5.28b 11.88c 5.05g 5.60b 19.50b 14.45b

52 118.00b 16.34d 24b 3c 44c 0b 0c 4b 0c 14.50c 4.22c 2.43d 5.27b 10.60d 4.60g 4.70c 14.10d 17.10a

53 58.60c 10.73f 3c 2d 25d 1b 1c 0b 0c 13.50c 2.53d 3.71d 3.60d 7.80d 3.30h 3.60d 12.60d 9.50b

54 80.60c 20.77d 4c 2d 35c 1b 1c 3b 0c 14.70c 4.56b 2.79c 5.78b 10.27d 3.60h 6.00b 19.35b 11.15b

55 84.00c 18.73d 10c 2d 45c 0b 0c 3b 1c 13.10c 4.04c 2.81d 2.99e 10.30d 5.00g 4.70c 11.20d 16.00b
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Table 3. Relative contribution of traits to diversity (Singh, 1981) based on the generalized Mahalanobis distance. 

Variable Value in % 

Length between the central lobes (cm) 19.17 

Number of axillary buds 19.06 

Plant height 16.86 

Median lobe width (cm) 13.44 

Number of flowers 8.89 

Upper diameter of leaf petiole (mm) 3.93 

Number of sheets 3.01 

Mean diameter of stem (mm) 2.51 

Length of the medial lobe (cm) 2.20 

Length of leaf petiole (cm) 2.19 

Number of branches flower 2.12 

Number of fruits 1.77 

Number of senescent leaves 1.44 

Length between basal leaf lobes (cm) 0.81 

Upper lobe center width (cm) 0.79 

Number of branches 0.68 

Diameter of leaf petiole base (mm) 0.66 

Mean diameter of leaf petiole (mm) 0.44 

 

 
Figure 3. Matrix of genetic dissimilarity obtained by the generalized Mahalanobis distance based on the morphometric characters of 

the 55 accessions of Manihot ssp. Areia, Paraíba State, Brazil. 

Accessions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

1 0 48.217 61.775 77.019 58.968 102.281 40.566 53.729 69.136 59.982 38.644 59.551 73.274 93.854 53.556 78.374 49.718 44.902 41.134 81.939 56.332 113.12 107.944 55.720 68.564 123.376 103.654 40.506 61.595 53.191 44.073 102.475 67.701 81.181 24.970 67.174 98.540 65.075 43.858 37.967 61.545 68.517 89.271 45.919 50.738 87.444 79.024 154.372 81.833 115.760 84.345 74.796 142.613 75.903 87.165

2 0 59.489 30.696 16.895 35.326 16.837 129.933 26.573 19.800 14.649 22.836 39.466 64.541 32.260 115.573 25.432 25.336 43.311 41.093 24.614 54.677 42.384 30.244 24.556 55.051 44.400 20.382 26.610 33.639 28.193 36.106 15.409 25.142 12.982 16.835 37.739 38.911 18.009 15.074 14.526 15.601 33.013 18.246 30.263 37.502 28.403 66.749 30.472 41.624 31.165 22.366 66.153 34.386 31.001

3 0 132.860 35.580 65.782 38.160 34.340 37.191 88.678 50.390 77.971 64.169 123.105 30.056 182.636 39.854 47.061 52.043 57.269 38.273 76.610 80.462 76.499 63.851 104.760 69.304 51.411 45.915 20.262 53.574 70.305 50.548 51.596 66.141 50.548 80.731 114.155 26.505 32.674 49.287 42.267 82.056 35.589 54.094 29.075 33.895 123.624 40.098 73.721 40.128 50.203 109.556 43.324 67.711

4 0 55.074 62.951 48.613 45.715 56.416 15.241 24.613 20.645 51.022 39.289 72.472 122.025 47.930 42.158 52.799 57.048 52.163 75.361 59.052 30.276 33.762 55.112 72.003 44.666 54.771 93.596 39.852 61.314 43.553 53.087 28.559 45.569 52.196 17.149 52.584 48.938 45.668 57.370 40.734 60.165 48.803 93.550 73.744 75.070 66.129 66.814 66.398 49.491 90.861 72.073 50.716

5 0 12.562 8.993 9.210 4.902 26.456 15.465 27.839 21.022 52.800 18.768 147.075 22.167 26.992 26.284 15.741 14.163 25.676 21.157 40.625 15.025 33.550 19.366 24.365 10.071 33.334 27.983 16.089 12.982 5.329 27.060 7.372 16.260 43.414 7.319 10.115 5.055 3.425 17.631 12.966 14.486 13.885 6.497 42.130 7.275 16.951 7.087 6.981 37.278 12.089 10.325

6 0 36.674 22.777 9.657 38.281 34.905 39.587 26.672 43.692 40.761 172.132 41.845 51.037 41.775 19.812 28.756 13.295 8.628 62.031 19.592 13.268 12.237 49.299 21.285 62.427 49.252 6.332 20.344 5.172 54.281 13.738 5.928 48.242 23.507 34.053 13.247 8.887 10.296 37.851 29.856 15.146 8.256 12.335 5.145 1.553 7.464 7.342 11.717 11.949 3.107

7 0 13.855 18.633 20.588 10.645 21.861 20.676 53.690 19.360 134.400 17.786 18.135 25.687 21.421 13.222 48.278 40.884 28.644 20.514 56.974 38.421 16.352 14.139 32.523 18.101 35.155 21.437 21.324 18.884 16.118 39.142 42.583 10.710 9.656 14.114 16.045 32.441 7.678 10.404 36.529 23.532 73.284 25.091 43.199 22.418 21.863 69.565 26.779 30.782

8 0 11.482 28.261 13.214 23.310 25.977 52.017 18.850 128.626 14.725 17.572 26.382 24.063 9.796 39.196 31.976 21.585 18.876 42.844 27.844 16.104 11.933 21.346 17.593 29.430 6.163 16.582 20.614 15.727 31.143 38.174 9.385 7.320 9.405 9.653 29.265 15.742 21.903 20.943 14.510 61.149 14.608 29.355 13.950 12.192 56.098 24.005 21.439

9 0 31.319 15.409 26.867 18.833 43.618 17.126 149.750 17.668 24.714 18.427 9.886 11.531 15.303 15.167 37.894 11.137 23.360 14.194 27.116 9.259 35.912 23.868 14.889 13.265 3.813 35.916 10.850 14.431 42.747 9.157 14.740 9.134 8.521 15.030 23.536 19.698 11.243 7.854 35.897 5.961 13.049 6.670 6.111 36.220 12.493 7.516

10 0 12.625 16.421 27.358 34.736 49.092 131.578 34.006 31.127 31.960 29.392 31.338 52.390 37.945 27.977 18.956 43.367 49.097 30.603 30.060 69.788 25.586 35.047 30.128 26.142 19.790 17.285 31.858 18.352 25.126 26.564 20.299 30.707 19.579 34.791 20.576 62.834 41.632 55.544 37.394 41.655 37.127 26.970 62.792 40.938 28.888

11 0 13.366 23.906 40.611 22.879 120.972 12.687 12.325 15.019 22.609 14.452 44.361 38.247 17.030 14.311 46.061 40.366 16.071 18.650 33.984 9.929 36.600 17.288 20.924 11.954 18.166 33.837 22.026 12.100 9.030 15.359 22.444 26.121 20.836 14.721 37.327 28.951 66.767 27.477 41.202 27.307 19.169 71.028 30.551 26.140

12 0 15.545 25.879 21.972 107.268 10.734 9.293 25.051 22.394 13.387 34.567 26.575 13.711 6.004 30.514 29.226 12.157 16.940 61.670 13.236 40.907 27.456 28.080 25.550 25.396 34.054 29.048 25.280 28.166 27.349 33.223 32.280 29.798 29.100 57.219 43.125 62.646 35.751 46.849 38.184 30.630 69.998 45.269 30.555

13 0 18.240 21.140 138.915 19.252 21.030 18.884 7.228 11.010 24.447 19.257 29.564 9.378 23.865 20.765 20.770 9.257 57.958 19.395 22.175 25.496 20.887 39.198 19.430 25.510 35.953 17.778 31.990 23.278 24.080 22.387 25.772 14.000 44.879 25.569 44.633 19.323 32.226 20.967 19.402 48.432 23.984 20.860

14 0 60.344 133.973 45.493 47.137 31.651 27.216 37.271 39.165 32.628 41.915 25.546 25.186 40.302 47.951 34.515 105.773 36.709 41.265 47.554 43.553 55.614 45.328 39.097 25.448 50.067 61.116 46.422 52.143 28.573 61.670 34.406 82.312 59.443 46.437 47.164 47.742 49.557 42.122 58.393 51.391 35.341

15 0 126.186 5.418 8.616 21.273 22.746 6.827 31.884 33.960 29.471 15.735 47.203 24.535 9.827 10.265 30.663 16.555 45.407 27.780 27.016 36.243 28.450 42.765 63.673 15.268 19.341 27.143 26.746 49.363 21.631 32.507 30.729 28.509 82.778 26.600 50.694 30.224 29.277 79.489 36.542 34.478

16 0 113.653 107.651 119.476 151.852 121.885 168.911 158.659 104.418 123.612 164.398 156.117 103.245 125.589 151.176 113.197 174.830 130.867 157.124 102.676 146.970 166.168 131.509 133.289 132.577 142.946 149.795 159.505 135.871 150.804 180.233 168.141 209.592 163.548 185.287 163.938 150.931 193.606 161.071 157.154

17 0 1.808 17.283 20.927 4.277 34.666 33.940 14.170 11.398 43.979 28.894 6.551 11.040 32.164 6.159 44.917 22.987 26.931 28.212 26.443 44.581 47.676 15.244 16.919 25.332 28.879 42.295 23.736 30.050 38.415 34.047 79.974 30.455 50.266 31.969 28.649 83.833 40.321 35.419

18 0 17.815 25.928 7.261 46.286 42.515 9.216 13.783 51.735 38.403 4.275 13.884 34.117 5.160 51.891 25.186 34.187 23.068 29.975 50.581 42.763 16.953 18.549 29.065 35.543 47.324 26.694 30.592 49.906 41.559 90.621 37.900 60.353 38.830 32.524 94.420 47.794 42.143

19 0 17.606 15.747 39.375 38.717 23.912 18.333 43.884 37.306 20.138 15.246 45.365 10.991 43.299 30.947 29.745 27.476 30.563 39.600 28.668 17.073 21.455 27.078 36.162 33.373 37.424 19.493 45.605 36.215 73.933 31.412 49.553 34.353 26.023 75.748 36.482 29.630

20 0 10.394 17.818 13.734 33.546 9.328 22.568 15.482 29.780 8.354 53.818 23.106 18.314 23.056 13.477 48.735 19.779 23.154 44.742 18.603 31.667 22.255 21.585 19.135 27.386 19.699 32.340 19.001 38.260 13.929 22.100 13.466 14.586 40.936 19.649 15.059

21 0 27.698 24.058 15.596 9.405 35.895 19.175 8.631 3.832 28.896 8.232 31.467 14.773 19.661 30.647 21.230 35.351 44.582 11.822 16.882 18.746 18.620 33.195 16.287 21.048 29.263 21.114 63.612 18.379 36.373 18.817 17.853 62.866 26.540 24.238

22 0 3.964 65.831 14.898 7.175 4.489 47.876 22.181 84.676 47.898 21.167 41.573 13.651 73.068 27.498 14.608 65.512 36.398 48.250 30.312 26.244 23.548 49.377 45.502 29.202 26.699 23.528 18.303 15.917 24.616 26.241 30.141 29.663 12.381

23 0 55.124 10.066 4.827 3.624 42.738 17.853 79.713 43.848 14.013 32.405 10.575 62.942 20.617 10.247 53.214 31.802 44.690 23.801 20.758 16.874 42.728 38.619 29.668 21.544 16.861 13.897 10.766 19.060 18.724 20.958 25.352 8.115

24 0 23.465 60.945 53.367 11.612 22.477 45.336 7.523 63.487 24.555 48.159 23.467 42.862 62.727 31.258 30.621 28.238 37.454 47.360 52.840 38.783 37.420 71.618 56.386 100.027 51.460 71.060 49.705 39.039 103.914 62.401 50.713

25 0 14.715 12.476 16.471 8.187 56.283 17.087 22.246 20.551 11.461 31.840 14.173 15.799 32.702 16.536 24.288 17.052 20.264 18.145 27.634 23.849 35.050 24.206 39.107 17.525 24.632 20.734 15.789 43.611 27.408 12.968

26 0 10.934 52.631 27.788 100.590 52.014 19.279 39.298 17.697 69.008 28.343 9.466 46.750 42.466 56.141 32.027 31.809 17.038 60.821 46.534 44.644 33.956 14.115 22.873 14.962 28.759 25.063 23.212 35.403 11.230

27 0 36.935 13.293 71.520 40.739 21.999 31.917 13.164 63.369 25.602 16.535 61.329 32.097 39.533 23.925 20.151 27.007 39.054 40.187 25.473 21.724 30.276 15.182 16.923 20.521 21.899 29.180 29.500 12.007

28 0 12.036 34.648 6.739 50.545 24.450 34.990 16.502 27.656 48.454 38.887 16.426 15.848 24.058 29.808 46.581 22.078 26.677 51.372 40.115 89.982 37.286 60.635 39.991 31.680 91.569 46.705 39.149

29 0 38.707 13.578 22.774 15.363 13.224 30.930 15.315 25.624 40.329 11.127 16.999 12.193 14.730 23.765 21.742 18.245 28.936 18.337 51.132 15.333 27.461 15.322 12.815 49.483 25.095 17.144

30 0 36.196 62.181 25.195 52.416 40.145 47.241 79.088 80.087 22.049 25.148 40.136 35.107 73.120 27.888 44.625 31.714 31.842 116.441 39.650 71.433 37.908 35.824 108.136 39.933 61.216

31 0 49.451 25.098 34.024 20.388 29.446 51.851 30.488 17.551 15.717 24.724 34.589 40.456 29.747 21.798 52.436 42.456 86.842 38.776 58.245 39.227 30.769 93.970 46.677 39.696

32 0 23.149 8.678 54.243 10.712 12.095 47.838 20.541 39.253 15.424 11.660 6.570 38.420 25.589 24.686 10.997 11.434 8.774 5.004 8.481 7.484 18.580 10.990 9.613

33 0 17.366 24.550 17.294 27.683 35.913 13.366 17.651 12.884 11.146 24.416 21.856 24.388 24.318 14.033 50.052 14.569 25.116 12.057 7.217 45.163 19.446 18.981

34 0 39.571 5.162 7.794 43.866 13.283 19.929 6.385 6.796 7.758 28.727 22.045 15.928 9.256 23.262 6.912 6.412 7.354 6.719 24.501 14.131 5.294

35 0 26.510 48.485 20.671 19.448 12.339 20.905 30.776 40.630 27.755 22.241 59.413 45.003 91.671 45.364 63.997 46.611 32.054 90.566 47.532 42.214

36 0 14.103 37.492 7.626 15.718 4.118 7.250 8.464 24.780 16.484 25.935 13.025 33.179 11.883 15.686 12.193 8.849 36.358 16.905 12.702

37 0 39.372 26.567 37.191 17.099 16.350 9.669 43.100 30.585 28.734 17.522 14.321 11.615 8.204 16.341 12.378 14.924 18.992 3.011

38 0 38.302 35.423 30.984 45.655 28.666 57.225 24.560 77.238 56.637 64.424 50.056 54.840 52.188 33.540 74.907 54.285 35.359

39 0 8.786 8.867 10.567 21.437 16.373 12.679 21.620 11.427 55.819 11.935 28.765 12.124 9.233 55.643 15.011 20.024

40 0 8.258 15.004 32.408 19.013 16.401 28.109 23.546 76.615 25.077 41.720 25.225 19.947 74.079 32.222 28.646

41 0 4.911 11.832 23.810 13.794 22.091 12.962 39.579 13.049 17.369 12.962 7.628 39.690 19.909 12.041

42 0 15.861 14.822 18.057 12.862 4.999 34.096 6.142 12.816 6.692 6.781 30.655 9.644 10.061

43 0 43.187 21.125 36.554 20.987 14.919 16.425 9.121 15.898 10.502 24.890 19.502 8.751

44 0 19.633 31.577 20.195 74.903 22.322 45.695 22.781 26.143 67.101 21.117 32.771

45 0 39.856 22.351 55.486 21.849 36.127 21.357 16.943 56.700 19.817 23.590

46 0 6.409 46.955 9.335 19.321 12.402 16.073 38.728 14.305 20.066

47 0 33.572 1.464 11.531 2.568 5.397 26.486 4.148 10.840

48 0 26.635 8.546 29.348 27.761 10.336 30.582 16.930

49 0 8.249 2.262 4.866 22.375 4.920 6.413

50 0 8.782 10.035 10.933 14.889 6.257

51 0 4.210 25.341 5.845 10.209

52 0 27.060 8.675 6.670

53 0 26.092 17.201

54 0 12.627

55 0
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The cluster produced by the UPGMA method was subjected to a cut of approximately 79%, allowing the 

formation of 5 well-distributed, distinct groups (Figure 4). The divergence between and among the groups, 

including individuals from the same locality belonging to different genetic groups presenting different 

characteristics, can be used for future breeding work. Bootstrap values with 89 and 92% dissimilarity 

provided reliability in the formation of dendrogram branches. According to Cruz (2006), these values 

represent a true significant junction, inferring the consistency and adaptation of the dendrogram to 

represent dissimilarity between the accessions. 

 
Figure 4. UPGMA dendrogram obtained from the dissimilarity matrix (D2) of the 55 Manihot spp. accessions based on 18 agronomic 

characters. The cophenetic correlation coefficient was 0.85. The dotted line represents the cutoff point based on the methodology 

proposed by (Mojena, 1977). Bootstrap values for 100 repetitions are expressed in percent.   

Campos et al. (2010) evaluated the genetic divergence among 53 accessions of the Manihot genus using 
28 morphoagronomic descriptors and verified the formation of ten genetic groups. They concluded that the 
genus presents a high degree of variability, being therefore very diversified, and demonstrated that these 
variables present high variability when analyzing the species of the Manihot genus. 

Araujo, Ledo, Martins, and Santos (2012) evaluated 10 quantitative and 22 qualitative characteristics 
similar to those used in this study in 145 accessions of two wild species of Manihot and verified the 
formation of 3 groups of dissimilar genotypes by the UPGMA method. These results showed the presence of 
genetic diversity among the evaluated genotypes, demonstrating the efficacy of the morphological 
descriptors for the characterization and determination of the genetic diversity. 

The cophenetic correlation coefficient (Table 4) was 0.85%, indicating a high correlation between 
distance and cluster matrices. The higher the correlation value, the less distortion caused by the grouping 
exists (Manly, 2019). The percentages of distortions (11.42%) and stress (23.80%), according to the Kruskal 
(1964) scale, are classified as good, showing a good fit between the genetic similarity matrix and the 
graphical representation of the dendrogram. 

Table 4. Cophenetic correlation of 18 morphoagronomic characters evaluated in the 55 accessions (Manihot spp.). 

Cophenetic correlation** 0.85 

Degrees of freedom 1483 

t-value** 61.68 

Distortion (%) 11.42 

Stress (%) 23.80 

**Significant at p ≤ 0.01. 
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Conclusion 

In this work, it was observed that there was genetic variability between the accessions evaluated based 

on the morphological and morphometric characteristics. These characteristics should be considered in the 

choice of the potential parents for a genetic improvement programs and for forage purposes. 

The accessions 4 Monteiro, 16 Soledade, 38 Boa Vista, 3 Pedra Lavrada, 7 Junco, 10 Bar of Santa Rosa, 21 

Monteiro, and 39 Junco are the most promising parental accessions. 
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