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RESUMO  

 

GOMES, Ronaldo Silva, D.Sc., Universidade Federal de Viçosa, agosto de 2021. 
Caracterização de germoplasma de Cucurbita moschata D. visando o melhoramento 
genético de aspectos agromorfológicos e do óleo de sementes. Orientador: Derly José 
Henriques da Silva.  

 

A Cucurbita moschata D. é uma hortaliça de elevada importância socioeconômica em 

decorrência da qualidade nutricional de seus frutos, sementes e óleo de sementes. Diante disto, 

o objetivo geral deste trabalho foi avaliar 91 acessos de C. moschata mantidos BGH-UFV, 

visando à identificação de acessos promissores para aspectos agromorfológicos, produtividade 

do óleo de sementes e para o perfil de ácidos graxos do óleo.  Avaliações agromorfológicas 

foram realizadas em experimento em campo, conduzido entre janeiro e julho de 2016, enquanto 

o perfil de ácidos graxos foi analisado a partir de cromatografia gasosa. Os acessos expressaram 

elevada variabilidade para as características número de graus-dias acumulados para o 

florescimento, teor total de carotenoides na polpa de frutos, produtividade de frutos, massa de 

sementes por fruto e produtividade de sementes. A análise per se identificou os acessos BGH-

6749, BGH-5639 e BGH-219 como aqueles com floração mais precoce. Os acessos BGH-

5455A e BGH-5598A apresentaram os maiores teores de carotenóides, com médias superiores 

a 170,00 μg g-1 de massa fresca. O BGH-4610, BGH-5485A, BGH-6590, BGH-5556A, BGH-

5472A e BGH-5544A foram os acessos mais promissores em termos de produtividade do óleo 

de sementes, com média (+g) de aproximadamente 0,20 t ha-1. Os acessos mais promissores 

para maior teor de ácido oleico foram o BGH-5456A, BGH-3333A, BGH-5361A, BGH-5472A, 

BGH-5544A, BGH-5453A e BGH-1749, com média (+g) de aproximadamente 30%. Conclui-

se que os acessos de C. moschata avaliados no presente estudo possuem elevado potencial para 

uso no melhoramento genético dessa hortaliça visando obtenção de florescimento precoce e 

incremento do teor total de carotenoides da polpa de frutos. Esses acessos são promissores para 

uso no melhoramento visando maior produtividade do óleo de sementes e maior teor de ácido 

oleico.  

 

Palavras-chave: Ácidos graxos. Análise de correlação. Carotenoides. Cucurbita moschata. 

Melhoramento. 



 
 

ABSTRACT  

 

GOMES, Ronaldo Silva, D.Sc., Universidade Federal de Viçosa, August, 2021. 
Characterization of Cucurbita moschata D. germplasm aiming the genetic breeding of 
agromorphological aspects and seed oil. Adviser: Derly José Henriques da Silva.  

 

Cucurbita moschata D. is a vegetable of high socioeconomic importance due to the nutritional 

quality of its fruits, seeds, and seed oil. Therefore, the general objective of this work was to 

assess 91 accessions of C. moschata maintained in BGH-UFV, aiming to identify promising 

accessions for agromorphological aspects, and for productivity of seed oil and fatty acid profile. 

Agromorphological assessments were carried out from a field experiment, carried out between 

January and July 2016, while the fatty acid profile was analyzed from gas chromatography. The 

accessions expressed high variability for the characteristics number of accumulated degree-

days for flowering, total content of fruit pulp carotenoids, fruit yield, mass of seeds per fruit 

and seed yield. Per se analysis identified the accessions BGH-6749, BGH-5639, and BGH-219 

as those with earlier flowering. The accessions BGH-5455A and BGH-5598A had the highest 

levels of carotenoids, with averages above 170.00 μg g-1 of fresh mass. BGH-4610, BGH-

5485A, BGH-6590, BGH-5556A, BGH-5472A, and BGH-5544A were the most promising 

accessions in terms of seed oil productivity, with an average (µ+g) of approximately 0.20 t ha-

1. The most promising accessions for higher oleic acid content were BGH-5456A, BGH-3333A, 

BGH-5361A, BGH-5472A, BGH-5544A, BGH-5453A, and BGH-1749, with an average (µ+g) 

of approximately 30 %. It is concluded that the accessions of C. moschata assessed in this study 

have a high potential for use in the genetic breeding of this vegetable aiming at obtaining early 

flowering and increase of total content of fruit pulp carotenoids. These accessions are promising 

for use in the breeding of C. moschata aiming at higher seed oil productivity and higher oleic 

acid content. 

 

Keywords: Carotenoids. Correlation analysis. Cucurbita moschata. Breeding. Fatty acids. 
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INTRODUÇÃO GERAL 

 

A Cucurbita moschata D. é cultivada mundialmente, consistindo em uma hortaliça de 

elevada importância socioeconômica em decorrência da qualidade nutricional de seus frutos, 

sementes e óleo de sementes.  A princípio, seu cultivo era voltado principalmente para a 

produção de frutos, os quais constituem fontes de uma série componentes essenciais à nutrição 

e saúde humana. Corroborando isto, estudos demonstram que a polpa dos frutos da C. moschata 

possui elevados teores de carotenoides como α e β-caroteno (CARVALHO et al. 2012; 

NAKKANONG et al., 2012; PRIORI et al., 2017), os principais precursores da vitamina A, 

além de expressarem pronunciada atividade antioxidante. Adicionalmente, seus frutos são 

excelentes fontes de minerais como K, Ca, P, Mg e Cu (NAGAR et al., 2018; PRIORI et al., 

2017). 

A produção do óleo de sementes da C. moschata para alimentação humana configura 

excelente oportunidade na produção dessa hortaliça. O óleo de suas sementes é constituído por 

aproximadamente 75% de ácidos graxos insaturados, com elevado teor de ácido 

monoinsaturado como o oleico (JARRET et al., 2013; SOBREIRA, 2013; VERONEZI e 

JORGE 2015). Com isto, o óleo das sementes da C. moschata configura opção de consumo 

mais saudável, constituindo, por exemplo, excelente substituto de fontes lipídicas prejudiciais 

à saúde humana como aquelas com teores elevados de ácidos graxos saturados.  

Estudos têm destacado que as sementes e o óleo de sementes da C. moschata contêm 

elevados teores de componentes antioxidantes como a vitamina E e carotenoides (VERONEZI 

e JORGE 2012; DASH et al., 2017), os quais, além de serem benéficos à saúde humana, atuam 

na produção do óleo contra processos oxidativos. Além dos aspectos nutricionais, a C. moschata 

expressa produtividade de semente de até 0.58 t. ha-1 e teor do óleo de sementes de até 49% 

(JARRET et al., 2013; PATEL, 2013; GOMES et al., 2020), corroborando seu elevado 
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potencial para produção de óleo de sementes. Soma-se a isto o fato de que a C. moschata é 

cultivada mundialmente, perfazendo, juntamente com outras cucurbitas como a C. pepo e C. 

máxima, área cultivada e produção próximas de 2 milhões de hectares e 27,6 milhões de 

toneladas, respectivamente (FAO, 2020). No Brasil, a área cultivada e a produção da C. 

moschata, juntamente com a C. maxima e C. pepo é de aproximadamente 78,67 mil hectares e 

417,83 toneladas, respectivamente, confirmando a importância socioeconômica dessa hortaliça. 

Visando à conservação e ao uso da diversidade genética de hortaliças como a C. 

moschata, o Banco de Germoplasma da Universidade Federal de Viçosa (BGH-UFV), mantém 

uma coleção com aproximadamente 350 acessos de C. moschata, consistindo em uma das 

maiores coleções dessa espécie no Brasil (FONSECA et al., 2015). A avaliação desse 

germoplasma tem levado à identificação e uso de acessos com resistência a importantes fito 

patógenos da cultura e de acessos com elevado potencial para uso visando o melhoramento da 

qualidade nutricional da polpa de frutos e do óleo de sementes (MOURA, et al., 2005; LIMA 

NETO, 2013; SOBREIRA, 2013; OLIVEIRA et al., 2021). Isto corrobora a importância da 

continuação dos estudos envolvendo a avaliação e uso do germoplasma de C. moschata mantido 

no BGH-UFV.  

Assim, o objetivo geral deste trabalho foi avaliar o germoplasma de C. moschata 

mantido no BGH-UFV, visando à identificação de acessos promissores para aspectos 

agromorfológicos, produtividade do óleo de sementes e para o perfil de ácidos graxos do óleo.  

Os objetivos específicos foram: a) avaliar agromorfologicamente 91 acessos de C. moschata 

mantido no BGH-UFV e as correlações genéticas dessas características; b) analisar a 

variabilidade agromorfológica dos acessos, visando identificar genótipos de floração precoce, 

com altos teores totais de carotenóides na polpa dos frutos, e genótipos com alto potencial de 

produtividade de sementes e óleo de sementes; c) avaliar a produtividade do óleo de sementes 

e os perfis de ácidos graxos, assim como as correlações dessas características de 91 acessos de 
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C. moschata; e d) examinar a variabilidade dos acessos quanto aos aspectos de sementes e do 

perfil do óleo, visando identificar os acessos com alta produtividade de óleo de sementes e alto 

teor de ácido oleico.   
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ARTIGO I - BRAZILIAN GERMPLASM OF WINTER SQUASH (Cucurbita moschata 

D.) DISPLAYS VAST GENETIC VARIABILITY, ALLOWING IDENTIFICATION 

OF PROMISING GENOTYPES FOR AGRO-MORPHOLOGICAL TRAITS 

Artigo publicado na Revista PLoS ONE 15(6): e0230546. https://doi.org/ 
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ABSTRACT 

Winter squash fruits (Cucurbita moschata D.) are among the best sources of vitamin A 

precursors and constitute sources of bioactive components such as phenolic compounds and 

flavonoids. Approximately 70% of C. moschata seed oil is made up of unsaturated fatty acids, 

with high levels of monounsaturated fatty acids and components such as vitamin E and 

carotenoids, which represent a promising nutritional aspect in the production of this vegetable. 

C. moschata germplasm expresses high genetic variability, especially in Brazil. We assessed 

91 C. moschata accessions, from different regions of Brazil, and maintained at the Federal 

University of Viçosa (UFV) Vegetable Germplasm Bank, to identify early-flowering accessions 

with high levels of carotenoids in the fruit pulp and high yields of seed and seed oil. Results 
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showed that the accessions have high variability in the number and mass of seeds per fruit, 

number of accumulated degree-days for flowering, total carotenoid content, and fruit 

productivity, which allowed selection for considerable gains in these characteristics. Analysis 

of the correlation between these characteristics provided information that will assist in selection 

to improve this crop. Cluster analysis resulted in the formation of 16 groups, confirming the 

variability of the accessions. Per se analysis identified accessions BGH-6749, BGH-5639, and 

BGH-219 as those with the earliest flowering. Accessions BGH-5455A and BGH-5598A had 

the highest carotenoid content, with averages greater than 170.00 μg g-1 of fresh mass. With a 

productivity of 0.13 t ha-1, accessions BGH-5485A, BGH-4610A, and BGH-5472A were the 

most promising for seed oil production. These last two accessions corresponded to those with 

higher seed productivity, averaging 0.58 and 0.54 t ha-1, respectively. This study confirms the 

high potential of this germplasm for use in breeding for promotion of earlier flowering and 

increase in total content of fruit pulp carotenoids and in seed and seed oil productivity. 

Key words: agro-morphological, bioactive compounds, carotenoids, correlation, clustering, 

Cucurbita moschata, genotypic variance, seed oil. 

1 INTRODUCTION 

Winter squash (Cucurbita moschata D.) is one of the vegetables of greater socio-

economic importance in the Cucurbita genus, largely due to the high nutritional value of its 

fruits and seeds. The pulp of its fruits constitutes an important source of carotenoids such as β-

carotene, the precursor of greater pro-vitamin A activity [1, 2, 3]. The pulp is also an excellent 

source of minerals such as K, Ca, P, Mg, and Cu [4, 5]. The socio-economic importance of C. 

moschata is also linked to the high volume and value of its production. It is estimated that, 

together with other cucurbits such as C. pepo and C. maxima, the cultivated area and the world 

production of this vegetable in 2017 were approximately 2 million hectares and 25 million tons, 
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respectively [6], most of it concentrated in China and India. In Brazil, this crop is of high socio-

economic importance, with a cultivated area of approximately 90 thousand hectares, an 

estimated production of more than 40 thousand tons / year, and an annual production value of 

around R$ 1.5 million [7]. 

C. moschata brings together characteristics that are fundamental to biofortification 

programmes, such as high productivity and profitability potentials, high efficiency in reducing 

micronutrient deficiencies in humans, and good acceptability by producers and consumers in 

regions where it is grown [8]. This has caused this vegetable to be chosen as a strategic crop 

for breeding programmes promoting biofortification, such as the Brazilian Biofortification 

Program (BioFORT), led by the Brazilian Agricultural Research Corporation (Embrapa), which 

aims for biofortification in vitamin A precursors [9]. 

The crop also has potential for the production of edible seed oil. Its seed oil comprises 

about 70% unsaturated fatty acids, and it has a high content of monounsaturated fatty acids [10, 

11, 12], so it is a good substitute for other lipid sources that have higher contents of saturated 

fatty acids. The oil is also rich in bioactive components such as vitamin E and carotenoids [13], 

which are important antioxidants in the human diet, in addition to protecting the oil itself against 

oxidative processes. In addition, this species is commonly cultivated in low-technology systems 

[14], making it fundamental to ensuring healthier diets and promoting food security in the 

regions where it is grown, particularly in less-developed regions and in the context of family-

based farming. 

Associated with its socio-economic importance, C. moschata germplasm commonly 

expresses high genetic variability in all regions where it occurs [15, 16, 17, 18], especially in 

Brazil [19, 20, 21]. Archaeological evidence indicates that this species was present in Latin 

America prior to colonization, and appears to have already been an important component in the 

diet of the native peoples living there [22, 23, 24]. Currently, the variability of this vegetable in 
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Brazil is closely tied to the human populations involved in its cultivation, who are 

predominantly family-based farmers. 

The selection practised over time by these populations, associated with the exchange of 

seeds between them, and the natural occurrence of hybridisation in the germplasm of this 

species has contributed to its increased variability. The high variability in agronomic, nutritional 

and bioactive characteristics displayed by C. moschata and the intercrossability of Cucurbita 

species have enabled these characteristics to be transferred from C. moschata to other species 

of this genus [25, 26, 27, 28]. This is of strategic importance and may aid the worldwide 

cultivation of species of the Cucurbita genus. 

The usefulness of plant germplasm conserved in banks depends on the amount and 

quality of information associated with it, such as genetic and phenotypic data, which highlights 

the importance of its proper evaluation. On the other hand, the high volume of germplasm and 

limitations in resources and area available for the establishment of field trials commonly make 

its assessment difficult. In view of this, the FAO's Second Global Action Plan for Plant Genetic 

Resources for Food and Agriculture sets out guidelines that provide greater efficiency in the 

conservation and use of plant germplasm [29].  

This is essential information for the management and use of germplasm [30, 31, 32, 33]. 

Evaluation of the germplasm maintained in banks makes it possible to estimate the magnitude 

of the genetic and statistical parameters of characteristics of interest, which can provide 

information on the nature of variability observed for these traits, in addition to elucidating 

which characteristics or groups of characteristics most contribute to germplasm variability. 

From this assessment, it is also possible to assess the association between the characteristics 

evaluated. Together, the information obtained from these assessments is essential for optimising 

the use and management of plant germplasm. 
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The UFV Vegetable Germplasm Bank (BGH-UFV) maintains more than 350 accessions 

of C. moschata, constituting one of the largest collections of this species in Brazil [34]. This 

bank continually carries out work on the characterisation and evaluation of this germplasm [35], 

which has allowed the sources of resistance to important phyto-pathogenic agents to be 

identified [36], and its production [21] and nutritional aspects of fruits and seed oil to be 

improved [10, 37]. The potential of this germplasm as a source of genes for the improvement 

of this crop, along with the possibility of elucidating the genetic mechanisms linked to 

important production parameters, justifies the continuation of studies on its assessment and use. 

This study therefore aimed to: a) agro-morphologically assess some of the C. moschata 

accessions maintained by BGH-UFV, b) analyse the genetic relationships of these agro-

morphological characteristics, and c) analyse their agro-morphological variability, with a view 

to identifying earlier-flowering genotypes, genotypes with high total levels of carotenoids in 

the fruit pulp, and those with high potential for seed and seed oil productivity.  

2 MATERIALS AND METHODS 

2.1 Origin of germplasm and preparation of seedlings 

In this study, we assessed 95 genotypes, comprising 91 accessions of C. moschata 

maintained in the BGH-UFV, and four control genotypes (Figure 1). The controls comprised 

the commercial hybrids Tetsukabuto and Jabras, and the cultivars Jacarezinho and Maranhão, 

all widely cultivated and commercialised in Brazil. The accessions came from different regions 

of Brazil [35], and consisted, for the most part, of landraces collected from family-based 

farmers, who commonly select the genotypes and conserve their seeds. 
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Figure 1. Brazilian map showing the states of origin of the C. moschata accessions assessed 

in this study.  

Seedlings were produced in a 72-cell expanded-polystyrene tray containing commercial 

substrate. Seedling transplantation and cultural treatments were carried out according to local 

recommendations for the cultivation of pumpkins [38]. 

2.2 Experiment location and experimental design 

The experiment was carried out from January to July 2016, at “Horta Velha” (200° 

45'14'' S, 420° 52'53'' W and 648.74 m alt.), an experimental unit of the Agronomy Department 

of the Federal University of Viçosa, Viçosa-MG, Brazil. 

The experiment was arranged in a Federer's augmented block design [39], with five 

replications for each control. The four controls, also called common treatments, were randomly 

distributed in each of the five blocks, and the 91 accessions, called regular treatments, were 

randomly assigned to all blocks. A spacing of 3x3 m between plants and rows was adopted, 
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which resulted in a stand of 1,111 plants ha-1. Each plot consisted of five plants, and all 

assessments were carried out from three central plants. The evaluations of fruit and seed 

characteristics were carried out on three fruits per plant. 

2.3 Assessments of agro-morphological aspects, total carotenoid content of fruit pulp, 

and seed and seed oil yields 

For the assessment involving multi-categorical characteristics, we adopted the 

morphological descriptors suggested by Bioversity International and the European Cooperative 

Programme for Plant Genetic Resources (ECPPGR), plus some additional descriptors. These 

descriptors comprised agro-morphological characteristics of plants, fruits, and seeds 

(Supplementary Table 1). Assessment was also based on agronomic characteristics, the total 

content of fruit pulp carotenoids, productivity of seeds, and seed oil productivity (Table 1). 

Table 1. Descriptors involving agronomic aspects of plants, fruits and seeds, used in the 

assessment of the C. moschata germplasm maintained by BGH-UFV 

Phase/organ Descriptors 

Reproductive phase Accumulated degree-days for flowering (DDF). 

Fruit 

Number of fruits per plant (NFP), average mass of fruits 

(MF), productivity of fruits (PF), height of fruit (HF), 

diameter of fruit (DF), thickness of fruit peel (TFP), 

resistance of fruit peel to penetration (RFP), resistance of 

fruit pulp to penetration (RP), thickness of fruit pulp (PT), 

diameter of internal cavity of fruit (DIC), total content of 

fruit pulp carotenoids (TC), and the lutein content of fruit 

pulp (L). 

Seed 

Number of seeds per plant (NSF), mass of seeds per fruit 

(MSF), ratio of seed to fruit mass (MS/F), mass of one 

hundred seeds (MOH), productivity of seeds (PS), seed 

thickness (ST), seed length (SL), and seed width (SW). 

Seed oil Seed oil content (SOC) and seed oil productivity (SOP). 
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The estimates of the total carotenoid (TC) and lutein contents (L) of fruit pulp were 

based on colorimetric parameters. For this, the fruit pulp colour was characterised with the aid 

of a manual tri-stimulus colorimeter, Colour Reader CR-10 Konica Minolta, by parameters 

related to luminosity, and the contribution of red (a) and yellow (b). The fruit pulp was 

characterised from a fruit from each of the three central plants of the plot. This was carried out 

on pulp from four different parts of the fruit (part facing the sun, part facing the soil, part by the 

peduncle, and floral insertion part). The values of each parameter consisted of averages 

obtained from the pulp of fruits harvested from each of the plots’ central plants. The estimates 

of TC were obtained using the equations proposed by [40], described below: 

 C = √𝑎2 + 𝑏2 

 

TC= 6.1226 + 1.7106*a 

L= -6.3743 + 0.2818*C 

Where: 

C corresponds to the saturation or chroma of the fruit pulp;  

a corresponds to the contribution of red to the colour of  fruit pulp; 

b corresponds to the contribution of yellow to the colour of fruit pulp; 

TC corresponds to the total content of fruit pulp carotenoids (µg g-1 of fresh pulp mass); and 

L corresponds to the lutein content of fruit pulp (µg g-1 of fresh pulp mass). 

The seed oil was extracted by cold pressing, with the aid of a 30- ton-capacity press, 

with the necessary adaptations for pressing. For this, the seeds were previously dried in a 

forced-air-circulation oven for 72 hours, at 23°C. To standardise the process, 50 g seed 
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samples were weighed from each accession and all samples were equally pressed for 

approximately 10 minutes. 

2.4 Estimation of genotypic values, components of variance and genetic-statistical 

parameters 

Phenotypic data were analysed using restricted maximum likelihood (REML) 

procedures and the best linear unbiased prediction (BLUP). These procedures were carried out 

with the aid of the R program, using the “lme4” package [41]. The estimates of variance 

components were obtained from the REML procedure, while the genotypic values of accessions 

(BLUPS) and controls (BLUES) were obtained from the BLUP procedure. All estimates were 

based on the following model: 

y=Wb+Xa+Zt+e 

in which: 

y corresponds to the phenotypic data vector; 

b corresponds to the vector comprising the effect of blocks, assumed to be random;  

a corresponds to the vector comprising the effect of accessions, assumed to be random: 

t corresponds to the vector comprising the effect of controls, assumed to be fixed: and  

e corresponds to the error vector.  

The letters W, X and Z correspond to the incidence matrices of parameters b, a, and t, 

respectively, with the data vector y. 

The estimates of variance components comprised the phenotypic (σ2
p), genotypic (σ2

g), 

and residual (σ2) variances, and the variance associated with the block effect (σ2
b). The genetic-

statistical parameters comprised the broad sense heritability (h2), the selection accuracy (A), 
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selection gain (SG), the phenotypic mean of the characteristics (μ), and the genotypic (CVg %), 

phenotypic (CVP %), and residual (CVr %) coefficients of variance. These were obtained from 

the following estimators: h2 = 1- (Pev/σ2
g), where Pev corresponds to the prediction of error 

variance [42]; ]; 𝐴 = √1 − (𝑃𝑒𝑣/ 𝜎𝑔    2 ); SG = h2*DS, where DS corresponds to the selection 

differential, estimated from the average of the top 15% most promising accessions: CVg % = 

(σ2
g/μ) x 100; CVp % = (σ2

p/μ) x 100; e CVr % = (σ2/μ) x 100.  

2.5 Correlation analysis 

This analysis was based on the matrix of genetic correlations, obtained from the 

following estimator: 

𝑟𝑔 = 𝐶𝑜𝑣 (𝑥, 𝑦)/√𝜎𝑔2(𝑥) 𝜎𝑔2(𝑦) 

in which; 

Cov (x, y), corresponds to the genetic covariance between two variables X and Y, and σ2
g (x) 

and σ2
g (y) correspond to the genetic variances of variables X and Y, respectively.  

The correlations were analysed using a procedure known as a correlation network, 

which allows all relationships between the variables under study to be analysed in relation to a 

specific function. This procedure also allows the direction and magnitude of the correlations to 

be distinguished. The direction is denoted by colours: dark green is used for the lines that 

connect positively-correlated variables, and red for the lines that connect negatively-correlated 

variables. The magnitude of the correlations is denoted by the thickness of the lines connecting 

the variables: the thicker the line, the greater the correlation. The significance of the correlations 

was analysed using Mantel’s Z test at 1 and 5% probability. The correlation analysis was 

performed with the aid of the Genes program [43]. 
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2.6 Analysis of variability and clustering 

The analysis of variability was carried out using both quantitative and multi-categorical 

information. For quantitative data, the distance matrix between the genotypes was obtained 

from the BLUPS estimates in the case of accessions, and from the BLUES in the case of the 

controls; the genetic distances were obtained based on the negative average Euclidean distance, 

with data standardisation. 

The matrix was obtained from negDistMat, a function of the APCluster package [44] 

implemented in the R program, version 3.5.1 [45]. The distances d (x; y) between the accession 

pairs, exemplified here as any two accessions x (x1, ..., xn) and y (y1, ..., yn), were estimated 

from the following equation: 

d(x, y) = −(1/v)√∑(xi −n
i=1 yi)2 

 

in which v corresponds to the number of quantitative descriptors evaluated. 

The distance matrix for the qualitative data was obtained using the arithmetic 

complement of the simple coincidence index. The variability analysis was performed from a 

single distance matrix, obtained from the sum of the distance matrices of the quantitative and 

qualitative data. For the sum of matrices, they were standardised and each received an equal 

weight in the sum procedure. The variability analysis was performed using the procedure known 

as the Affinity propagation method [46]. The grouping was carried out from 100 independent 

rounds, aiming to assess the consistency of grouping. 

The operation of Affinity initially involves the identification, in a set of components, of 

samples that will function as centres of this set. This method simultaneously considers all the 

set components as potential centres, i.e. as nodes in an interconnected network. Following the 
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identification of potential centres, messages are transmitted between the set components along 

the network until a good set of centres and their corresponding groups emerge. The messages 

exchanged between the components in Affinity can be “responsiveness” r (i, k) and “availability 

a (i, k). This first case reflects the accumulated evidence of how appropriate point k is to serve 

as an example for point i, considering all other potential examples for this point. The 

“availability”, in turn, reflects the accumulated evidence of how appropriate it would be for 

point i to choose point k as an exemplar, considering the other points for which point k can be 

an exemplar [46]. In the analysis of the present study, availability was initially established as 

zero.  

A principal component analysis was implemented in order to identify the contribution 

of traits in the clustering of the genotypes. This analysis considered the data of quantitative and 

multi-categorical traits, according to the methodology of [47]; and was implemented using the 

FactoMineR package [48]. 

2.7 Identification of promising accession groups and per se identification of accessions 

In order to facilitate the identification of promising groups of accessions for each 

characteristic, we carried out a grouping of means of the genotypic values corresponding to the 

groups obtained from the analysis of variability. This was based on Tocher’s method of 

grouping means. The identification per se of the most promising accessions for each trait was 

carried out by ranking the respective genotypic effects, genetic gain and the new predicted 

average of the accessions, and the top 15% were considered the most promising accessions.  
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3. RESULTS 

3.1 Variance components and genetic-statistical parameters of the agronomic aspects, 

total content of fruit pulp carotenoids, and the characteristics of seeds and seed oil 

Estimates of the variance components and the genetic-statistical parameters are 

presented in Table 2. The estimates of genotypic variance were highest for number of seeds per 

fruit (NSF) and mass of seeds per fruit (MSF), decreasing to accumulated degree-days for 

flowering (DDF), and total content of fruit pulp carotenoids (TC). Among these variance 

estimates, only the genotypic variance of DDF was not significant. The estimates of variance 

associated with the block effect were low for all characteristics (Table 2).  

For mass of seeds per fruit (MSF), number of seeds per fruit (NSF), total content of fruit 

pulp carotenoids (TC), and accumulated degree-days for flowering (DDF), most of the 

phenotypic variance was attributable to genotypic variance, with residual variance contributing 

less for most of the characteristics (Table 2).  

As can also be seen in Table 2, most of the characteristics had high values for selection 

accuracy (A). Heritability estimates were 0.525, 0.495, and 0.774 for accumulated degree-days 

for accumulated-days for flowering (DDF), productivity of fruits (PF), and total content of fruit 

pulp carotenoids (TC), respectively, While productivity of seeds (PS) had a heritability of 0.481 

and seed oil productivity (SOP) 0.291. Heritability was high (>0.50) for most of the 

characteristics, and very high for seed characteristics, such as mass of seeds per fruit (MSF), 

ratio of seed to fruit mass (MS/F), and number of seeds per fruit (NSF), and fruit characteristics, 

such as total content of fruit pulp carotenoids (TC) and average mass of fruit (MF), as shown 

in Table 2. 

The high estimates of genotypic variance and heritability showed that considerable 

selection gain could be obtained for most of the characteristics (Table 2). For the number of 

accumulated degree-days for flowering (DDF), the gain was -92.947. It was also possible to 
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obtain gains of 7.817 t ha-1 for productivity of fruits (PF) and 20.426 μg g-1 of fresh pulp mass 

for total content of fruit pulp carotenoids (TC), while the potential gains for productivity of 

seeds (PS) and seed oil productivity (SOP) were 0.187 and 0.072 t ha-1, respectively (Table 2).  

The phenotypic range between accessions for accumulated degree-days for flowering 

(DDF) was 120.0 to 820.4 (average 606. 642) (Table 2). The range for productivity of fruits 

(PF) was 0.7 to 44.6 t ha-1 (average 12.946 t ha-1), and that for total content of fruit pulp 

carotenoids (TC) was 43.4 to 187.2 µg g-1 of fresh pulp mass (average 65.763 µg g-1), while 

that for productivity of seeds (PS) was 0.01 to 0.9 t ha-1 (average 0.269 t ha-1). The phenotypic 

range between accessions for seed oil productivity (SOP) was 0.004 to 0.40 t ha-1 (average 

0.050 t ha-1) (Table 2).  

The greatest ranges between accessions for the coefficients of genotypic variation 

(CVg%) were for mass of fruit (MF) and seed oil content (SOC), while for the coefficient of 

phenotypic variation (CVP%), the greatest ranges between accessions were for seed oil 

productivity (SOP) and accumulated degree-days for flowering (DDF). The estimates of 

residual variation coefficient ranged from 7.502 to 71.582 for total content of fruit pulp 

carotenoids (TC) and SOP, respectively (Table 2). 
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Table 2. Estimates of variance components and genetic-statistical parameters of agronomic aspects, total content of fruit pulp carotenoids, and 

yields of seeds and seed oil 

Vegetative trait 
Traits σ2

p σ2
g σ2

r
 σ2

b A h2 SG Range  μ CVg % CVP   % CVr % 

DDF 10781.493 6385.892ns 3909.203 486.397800 0.725 0.525 -92.947 120.0- 820.4 606.642 13.172 17.116 10.306 

Fruit traits 

Traits σ2
p σ2

g σ2
r σ2

b A h2 SG Range μ CVg % CVP   % CVr % 

NFP 8.724 3.583ns 4.614 0.527 0.655 0.429 2.303 1- 15 4.783 39.575 61.752 44.909 

MF 2.738 2.373** 0.364 0.000 0.841 0.707 2.189 0.45-10.0 2.735 56.323 60.500 22.059 

PF 73.954 38.598* 29.279 6.076 0.704 0.495 7.817 0.7- 44.6 12.946 47.989 66.427 41.796 

TC 387.206 362.902** 24.303 0.000 0.880 0.774 20.426 43.4- 187.2 65.763 28.967 29.921 7.496 

Seed and oil traits 

Traits σ2
p σ2

g σ2
r σ2

b A h2 SG Range μ CVg % CVP   % CVr % 

NSF 25274.617 20784.317** 2817.703 1672.597 0.844 0.712 167.873 78.6- 805.7 454.188 31.741 35.003 11.685 

MSF 490.881 465.357** 16.141 9.382 0.899 0.808 27.428 4.4- 119.3 51.929 41.541 42.665 7.736 

MS/F 0.000142523 0.000125343** 0.000015091 0.000002089 0.854 0.729 0.015 0.00- 0.05 0.023 48.676 51.905 16.890 

MOHS 7.395 4.391* 3.003 0.000 0.721 0.519 2.210 6.3- 23.6 11.701 17.908 23.240 14.809 

PS 0.042 0.019ns 0.016 0.006 0.694 0.481 0.187 0.01- 0.9 0.269 51.241 76.185 47.022 

SOC 13.010 0.462ns 11.822 0.725 0.512 0.262 1.254 28.50- 54.4 18.516 3.670 19.480 18.569 

SOP 0.001743 0.000172ns 0.001300 0.000 0.540 0.291 0.072 0.004- 0.40 0.050 26.037 83.498 72.111 

Accumulated degree-days for flowering (DDF), number of fruits per plant (NFP), average mass of fruit (MF), productivity of fruit (PF), total content of fruit pulp carotenoids 

(TC), number of seeds per fruit (NSP), mass of seeds per fruit (MSF), ratio of seed to fruit mass (MS/F), mass of one hundred seeds (MOHS), productivity of seeds (PS), seed 

oil content (SOC), and seed oil productivity (SOP). Components of variance involving phenotypic (σp), genotypic (σg), and residual (σ) variances, and the variance associated 

with the block effect (σb). Genetic-statistical parameters involving accuracy (A), broad-sense heritability (h2), selection gain (SG), average (μ), coefficients of genotypic (CVg 

%), phenotypic (CVP %), and residual variation (CVr %). ns not significant; **, * significant at p < 0.01and 0.05, respectively by the likelihood ration test.   
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3.2 Genotypic correlations 

A genotypic correlation network analysis and visualization of agronomic aspects, 

including the total content of fruit pulp carotenoids, and characteristics of seeds and seed oil is 

given in Figure 2, which shows cohesion of groups involving some of the fruit characteristics 

and those involving some of the characteristics of seeds. Cohesion is also shown between fruit 

productivity (PF) and other characteristics of this group, such as average mass of fruits (MF), 

diameter of internal cavity of fruit (DIC), height of fruit (HF), diameter of fruit (DF,), and 

thickness of fruit peel (TFP). As can be inferred from the colour and thickness of the lines, this 

set of variables showed high positive correlations. The highest correlations in this group were 

for PF with MF, and PF with DIC, with values equivalent to 0.61 and 0.54, respectively, both 

of which were significant (p<0.01). The productivity of fruits (PF) and number of fruits per 

plant (NFP) showed a correlation of 0.39, and each of these showed high correlations with the 

productivity of seeds (PS), 0.74 and 0.51, respectively all of which were significant (p<0.001), 

(Figure 2).  

Accumulated degree-days for flowering (DDF) had low correlation with others 

characteristics. Seed oil content (SOC) had negative and low-magnitude correlations with 

soluble solids of fruit pulp (SS) and resistance of fruit pulp to penetration (RP) (Figure 2).  
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Figure 2. Network of genotypic correlations of agronomic aspects, the total content of fruit pulp carotenoids, and 

the characteristics of seeds and seed oil of the C. moschata germplasm assessed in this study and maintained by 

the BGH-UFV. The green and red lines denote positive and negative correlations, respectively. Thicker lines 

indicate greater magnitudes of correlation while the thinner lines indicate lesser magnitudes. Accumulated degree-

days accumulated for flowering (DDF), number of fruits per plant (NFP), average mass of fruits (MF), productivity 

of fruits (PF), height of fruit (HF), diameter of fruit (DF), thickness of fruit peel (TFP), resistance of fruit peel to 

penetration(RFP), resistance of fruit pulp to penetration (RP), pulp thickness (PT), diameter of internal cavity of 

fruit (DIC), soluble solids of fruit pulp (SS), total content of fruit pulp carotenoids (TC), lutein content of fruit 

pulp (L), mass of seeds per fruit (MSF), productivity of seeds (PS), ratio of seed to fruit mass (MS/F), mass of one 

hundred seeds (MOHS), seed oil content (SOC), and seed oil productivity (SOP). 

There was cohesion between the group of variables involved in seed productivity and 

variables such as the ratio of seed to fruit mass (MS/F), number of seeds per fruit (NSF), and 

mass of seeds per fruit (MSF). This set of variables had positive and high-magnitude 

correlations, of which the correlation of seed productivity (SP) with MS/F, equivalent to 0.56 

and significant (p<0.01), was the highest. The group involving the mass of one hundred seeds 

(MOHS) and characteristics such as seed width (SW), seed thickness (ST), and seed length (SL) 

was also a cohesive group. This group had positive correlations, of which the correlation of 
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MOHS with seed width SW, equivalent to 0.62 and significant (p<0.01), was the highest (Figure 

2). 

3.3 Genetic variability and clustering 

Cluster analysis, based on the agro-morphological aspects, the total content of fruit pulp 

carotenoids, and the characteristics related to the yields of seed and seed oil of the germplasm, 

placed the accessions into 16 groups (Table 3). 

Based on the clustering pattern, high variability was observed between the accessions. 

About 17% of the genotypes were in group 11, together with the control, Jabras. Group 1, the 

second largest, contained 13.18% of the accessions and two controls, Jacarezinho and 

Maranhão. Groups 5 and 14 contained 10 and 11 accessions, respectively, making them the 

next largest groups formed. The grouping of genotypes in the other groups did not occur 

equitably and some of them contained only one genotype (Table 3). 

The visual pattern of the clustering in heatmap format showed low similarity between 

the groups formed, as denoted by the predominance of yellow and orange colouring (Figure 3). 

Visual analysis of this clustering also shows homogeneity of the distances between groups, 

denoted by the uniformity of the colouring. The morphological pattern of fruits representative 

of part of the groups obtained with genotypes clustering is shown in the figure 4. 
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Table 3. Clustering of the C. moschata germplasm assessed in this study and maintained by 

BGH-UFV, based on agro-morphological aspects, the total content of fruit pulp carotenoids, 

and the yields of seeds and seed oil 

Clusters 

 

Accessions 

1 
BGH-117(BA); BGH-5616A(DF); BGH-5630A(DF); BGH-6590(GO); BGH-4281(MG), BGH-4454A(MG), 

BGH-6116(MG); BGH-5472A(SP), BGH-5541(SP), BGH-5556A(SP); Jacarezinho (BR); Maranhão (BR). 

2 BGH-4459A(MG); BGH-5548A(SP). 

3 BGH-4590A(MG). 

4 BGH-5653(BA); BGH-1927(MG), BGH-4681A(MG).  

5 
BGH-1749(BA); BGH-7219A(PR), BGH-7668(PR); BGH-5051(RJ); BGH-5453A(SP), BGH-5473A(SP), 

BGH-5544A(SP), BGH-5591A(SP), BGH-5593(SP), BGH-5596A(SP).  

6 BGH-4610A(MG), BGH-5361A(MG); BGH-3333A(RJ); BGH-5440A(SP), BGH-5485A(SP). 

7 BGH-5455A(SP), BGH-5598A(SP). 

8 
BGH-5624A(DF); BGH-6587A(GO), BGH-6595(GO); BGH-5247A(MG), BGH-6115(MG); BGH-5493A(SP) 

BGH-5494A(SP), BGH-5559A(SP).  

9 BGH-315(DF); BGH-6593(GO); BGH-1004(MG); BGH-5499A(SP), BGH-5530A(SP), BGH-5606A(SP).  

10 
BGH-1961(ES); BGH-4516(MG), BGH-5248(MG), BGH-5648(MG), BGH-5659A(MG); BGH-5442(SP), 

BGH-5538(SP), BGH-5554A(SP).  

11 

BGH-95(BA); BGH-5638(DF); BGH-1945A(ES); BGH-6794(GO); BGH-4453(MG), BGH-4607A(MG), 

BGH-6155(MG); BGH-5301(SP), BGH-5451(SP), BGH-5528(SP), BGH-5551(SP), BGH-5552(SP), BGH-

5553(SP), BGH-5560A(SP), BGH-5597(SP); Jabras (BR).  

12 BGH-5649A(BA).  

13 GBH-5694(DF); BGH-6099(RN); BGH-900(SP).  

14 
BGH-5240(BA); BGH-5639(DF); BGH-4287A(MG), BGH-4598A(MG), BGH-5224A(MG), BGH-

6117A(MG); BGH-1461A(SC), BGH-6749(SC); BGH-5466(SP), BGH-5497(SP), BGH-5603(SP).  

15 BGH-1992(ES); BGH-6594(GO); BGH-305A(MG); BGH-6096(RN); BGH-291(RJ); BGH-5456A(SP).  

16 Tetsukabuto (BR). 

The letters next to the names refer to the initials of the genotypes’ states of origin. Bahia (BA), Distrito Federal 

(DF), Espírito Santo (ES), Goiás (GO), Minas Gerais (MG), Paraná (PR), Rio Grande do Norte (RN), Rio de 

Janeiro (RJ), São Paulo (SP), and Santa Catarina (SC), Brazil (BR). 
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Figure 3. Heatmap and hierarchical clustering of the genetic distances of the C. moschata accessions, based on 

agro-morphological traits, the total content of fruit pulp carotenoids, and the yields of seeds and seed oil. The 

coloured bars on the upper and lower axis correspond to the groups obtained in the clustering. The dissimilarity 

between each pair of accessions and between groups is indicated by the colour, which varies from white to red. 

Red indicates the pairs of genotypes with the highest dissimilarity and white indicates the pairs of genotypes with 

lowest dissimilarities. 
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Figure 4. Figure showing the morphological pattern of fruits representative of part of the groups obtained with 

genotypes clustering. BGH-4590A (group 3), BGH-5560A and BGH-6155 (group 11), BGH-5649A (group 12), 

Jacarezinho and BGH-117 (group 1), BGH-4598A and BGH-5639 (group 14), BGH-5548A (group 2), BGH-

5453A and BGH-5544A (group 5), and BGH-900 (group 13). 

The result of the principal components analysis (PCA) refers to the first 15 independent 

components, which explained 55.56% of the total variation observed between the genotypes 



39 
 

 
 

(Figure 5). Component 1, which explained 7.35% of the total variation, had a greater 

contribution from quantitative variables, mainly from the average mass of fruits (MF), diameter 

of fruits (DF), and diameter of internal cavity of fruit (DIC). Component 2 had a greater 

contribution from the multi-categorical traits and explained 5.93% of the total variation (Figure 

5). The result of PCA regarding the fifteen principal components and the relative contribution 

of traits in each component is provided in the Supplementary Table 2.  

Figure 5. 

Dispersion of quantitative and multi-categorical characteristics in relation to the first two components: leaf SPAD 

index at 21 days after transplanting (S21) and at 28 days (S28); length of main vine at 14 days after transplanting 

(LMV14) and at 21 (LMV21); accumulated degree-days for flowering (DDF); number of fruits per plant (NFP);  

average mass of fruits (MF); productivity of fruits (PF); height of fruit (HF); diameter of fruit (DF); thickness of 

fruit peel (TFP); resistance of fruit peel to penetration (RFP); resistance of fruit pulp to penetration (RP); thickness 

of fruit pulp (PT); diameter of internal cavity of fruit (DIC); total content of fruit pulp carotenoids (TC), and lutein 

(L); number of seeds per plant (NSF); mass of seeds per fruit (MSF); ratio of seed to fruit mass (MS/F); mass of 

one hundred seeds (MOH); productivity of seeds (PS); seed thickness (ST); seed length (SL); seed width (SW); 

seed oil content (SOC); seed oil productivity (SOP). Growth habit (GH); stem colour (SC); intensity of leaf green 

(ILG), leaf silvering (LS), intensity of leaf silvering (ILS); leaf serration (LS); presence of trichomes in the leaves 

(PAL); amount of trichomes in the adaxial surface of leaves (ATT); amount of trichomes in the abaxial surface of 
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leaves (ATL); leaf recess (LR); presence of trichomes in the petiole (PTP); amount of trichomes in the petiole 

(ATP); green intensity of male pedicel (GIMP); format of fruits (FF); format of peduncle (FP); number of colours 

of fruit peel (NPC); topography of fruit surface (FT);  format of floral scar (FFS); peel texture (PT); predominant 

colour of fruit peel (PC); depth of fruits slices (DFS); seed format (SF); aspect of seed tegument (AST); seed 

tegument texture (STT); colour of seed tegument (CST); colour of seed border (CSB). 

3.4 Identification of promising clusters and per se identification of promising genotypes 

In order to facilitate the visualisation of clusters with the most desirable characteristics, 

a grouping of means of clusters was performed by the Tocher method (Table 4). 

 The lowest mean for accumulated degree-days for flowering (DDF) occurred in Group 

16, which contained only the control Tetsukabuto, although most groups expressed intermediate 

averages for this characteristic (Table 4). The group with the highest mean for productivity of 

fruits (PF) was Group 4, formed by the accessions BGH-1927, BGH-4681A, and BGH-5653. 

This group also expressed one of the highest averages for mass of fruits (MF) and an 

intermediate average for number of fruits per plant (NFP). As for the total content of fruit pulp 

carotenoids (TC), the highest average occurred in Group 7, formed by the accessions BGH-

5455A and BGH-5598A.  Groups 1 and 6 expressed the highest averages for seed (PS) and seed 

oil productivity (SOP). Group 1 contained the largest number of accessions (Table 4). 

The identification per se of the most promising accessions for each trait, based on their 

respective genotypic effects, is shown in Tables 5 and 6. Also in these tables are the estimates, 

for each accession, of their genetic gains and the new predicted average for each trait. 

The selected accessions had averages for accumulated degree-days for flowering (DDF) 

that were much lower than the general average of the accessions (606.64) and the average of 

the controls (526.41), with their new predicted averages ranging from 474.39 to 251.09, and 

genetic gains from -132.25 to -355.55. Notably, the accessions BGH-6749, BGH-5639, and 

BGH-2191 were the most promising for DDF (Table 5). 
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Table 4. Grouping of means of the genotypic values of the groups obtained in the analysis of variability for agro-morphological aspects, the total 

content of fruit pulp carotenoids, and productivities of seed and seed oil 

Groups DDF NFP MF PF TC NSF MSF MS/F MOHS PS SOC SOP 

1 19.15b 0.48b -0.22d 1.46c 2.09b 94.22b 0.52b 0.52b 0.63c 0.12a -0.07a 0.04a 

2 32.20b -0.69b -0.58e -2.80c -8.77b -95.99b -0.80b -0.80c -1.54d -0.08b -0.16a -0.03b 

3 -35.38b 0.15b 1.17b 5.61b -7.46b -207.22c -1.22b -1.22d 3.62a -0.05b 0.12a -0.02b 

4 -19.47b -0.67b 4.53a 10.41a -4.95b 129.02 b -0.53b -0.53c 1.66b 0.02b 0.07a 0.01b 

5 2.76b 0.33b 0.40c 2.89c -8.54b 44.57 b -0.40b -0.40c -0.85c 0.02b 0.01a 0.01b 

6 11.73b 2.69a -1.23g 1.50c -0.84b 79.53 b 1.76b 1.76a -1.16d 0.21a -0.01a 0.07a 

7 36.35b 1.24a -1.36g -2.48c 111.02a 13.62 b 1.90b 1.90a -0.08c 0.06b 0.06a 0.03b 

8 -9.88b 0.14b -0.47d -0.09c 2.01b 43.54 b 0.56b 0.56b -1.79d -0.01b -0.14a -0.01b 

9 -8.08b -0.66b -0.93f -3.83c -6.11b -36.84 b 0.42b 0.42b -0.41c -0.06b 0.02a -0.02b 

10 40.41b -0.65b 0.84b -0.10c -5.74b 151.09 b -0.3b -0.31c 0.97b 0.00b -0.03a 0.00b 

11 -10.76b -0.80b 0.29c -1.32c -1.03b -96.72 b -0.79b -0.79c 0.91b -0.09b -0.05a -0.03b 

12 127.82a -1.17b 4.33a 5.60b -11.10b 228.21a -0.65a -0.65c 2.62a 0.03b 0.20a 0.02b 

13 82.43a -0.30b -0.24d -1.24c -5.32b -46.40 b -0.02b -0.02c -0.19c -0.03b 0.11a -0.01b 

14 -66.85b -0.17b -0.02d -0.47c 1.13b 22.01 b 0.48b 0.48b -0.08c 0.01b 0.04a 0.00b 

15 -43.65b 0.72b -1.39g -2.61c -0.99b -243.74c -0.86b -0.86c -1.34d -0.08b -0.03a -0.03b 

16 -138.72c -0.06b -1.32g -4.92c -10.69b -393.92d -1.82c -1.82d 0.07c -0.22c -5.50b -0.05c 

The genotypic values of the accessions (BLUPS) and controls (BLUES) vary from negative to positive; therefore the signal of group means is a reflection of the genotypic 

values in each group. Accumulated degree-days accumulated for flowering (DDF), number of fruits per plant (NFP), average mass of fruits (MF), productivity of fruits (PF), 

total content of fruit pulp carotenoids (TC), number of seeds per fruit (NSF), mass of seeds per fruit (MSF), ratio of seed to fruit mass (MS/F), mass of one hundred seeds 

(MOHS), productivity of seeds (PS), seed oil content (SOC), and seed oil productivity (SOP). The letters a, b, c, d, f, and g refer to the groups formed in the clustering of means 

obtained by the Tocher method.  
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For productivity of fruits (PF), the selected accessions had higher averages than the 

general average of the accessions (12.95 t ha-1) and the average of the controls (11.85 t ha-1), 

with their new predicted averages ranging from 15.49 to 29.27 t ha-1. As for total content of 

fruit pulp carotenoids (TC), the selected accessions also had much higher averages than the 

general average of the accessions (65.76 µg g-1 of fresh weight) and that of the controls (65.58 

µg g-1 of fresh weight). The new averages predicted for this characteristic among those selected 

ranged from 72.34 to 179.46 μg g-1 of fresh pulp mass, and the most promising accessions for 

this characteristic were BGH-5455A and BGH-5598A (Table 5).  

The identification per se of the most promising accessions for productivity of seeds (PS), 

seed oil content (SOC) and seed oil productivity (SOP), together with their respective genetic 

gains and new predicted averages for these characteristics is shown in Table 6. 

As for productivity of seeds (PS), the new predicted averages among the selected 

accessions ranged from 0.33 to 0.58 t ha-1 and the genetic gains from 0.06 to 0.31 t ha-1. Notably, 

the accessions BGH-4610A, BGH-5485A, and BGH-6590 were the most promising for this 

characteristic (Table 6). The selected accessions displayed small differences in seed oil content 

(SOC); however, the average of these was higher than that of the controls (16.73%). Finally, 

for seed oil productivity (SOP), the new predicted averages ranged from 0.12 to 0.13 t ha-1 and 

the genetic gains from -0.07 to -0.08 t ha-1. The accessions BGH-5485A, BGH-4610A, and 

BGH-5472A were the most promising for this characteristic (Table 6).  
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Table 5. Estimates of the genotypic effects, genetic gain and new predicted averages for the accumulated degree-days for flowering (DDF), fruit 

productivity (PF) and total content of fruit pulp carotenoids (TC), for the top 15% most promising accessions and the controls 

 DDF  PF  TC 

Accessions g Gain New Average Accessions g Gain New Average Accessions g Gain New Average 

BGH-6749 -291.35 -355.55 251.09 BGH-4453 17.32 16.32 29.27 BGH-5455A 113.85 113.70 179.46 

BGH-5639 -152.11 -216.29 390.35 BGH-5653 5.60 15.44 28.38 BGH-5598A 108.19 108.03 173.80 

BGH-291 -119.80 -183.97 422.67 BGH-5544A 13.82 12.82 25.76 BGH-1461A 14.18 14.03 79.80 

BGH-5638 -102.40 -166.57 440.07 BGH-4681A 11.74 10.74 23.69 BGH-5616A 11.50 11.35 77.12 

BGH-6587A -91.41 -155.57 451.07 BGH-5224A 10.21 9.21 22.16 BGH-6794 11.08 10.93 76.70 

BGH-5624A -83.56 -147.73 458.91 BGH-6587A -4.26 8.35 21.29 BGH-5556A 9.85 9.70 75.47 

BGH-1004 -83.32 -147.48 459.16 BGH-4590A 5.61 4.61 17.55 BGH-5606A 8.78 8.63 74.40 

BGH-1749 -76.12 -140.28 466.36 BGH-5649 5.60 4.59 17.54 BGH-5497 8.73 8.58 74.34 

BGH-5301 -76.12 -140.28 466.36 BGH-5051 5.30 4.30 17.25 BGH-5451 8.68 8.53 74.29 

BGH-5456A -75.88 -140.04 466.60 BGH-5596A 4.52 3.52 16.46 BGH-5493A 8.62 8.47 74.24 

BGH-5485A -75.88 -140.04 466.60 BGH-5248 4.09 3.09 16.03 BGH-5247A 7.34 7.19 72.95 

BGH-5530A -75.88 -140.04 466.60 BGH-5472A 4.06 3.06 16.00 BGH-6749 6.91 6.76 72.53 

BGH-6794 -68.94 -133.11 473.53 BGH-5473A 3.62 2.62 15.57 BGH-6587A 13.49 6.71 72.47 

BGH-4598A -68.09 -132.25 474.39 BGH-5556A 3.54 2.54 15.49 BGH-95 6.73 6.58 72.34 

Average   606.64 Average   12.95 Average   65.76 

Controls    Controls    Controls    

 BLUES Gain  

New  

Average  BLUES Gain  

New  

Average  BLUES Gain  

New  

Average 

Jabras  -192.84 -54.12 413.99 Jabras  8.53 8.87 20.88 Jabras  14.93 16.19 80.68 

Tetsukabuto  -138.72 0.00 468.11 Tetsukabuto  -1.03 -0.69 11.31 Tetsukabuto  0.23 1.49 65.98 

Maranhão  3.99 142.71 610.82 Maranhão  -4.60 -4.26 7.75 Maranhão  -5.13 -3.88 60.61 

Jacarezinho  5.89 144.61 612.72 Jacarezinho  -4.92 -4.57 7.43 Jacarezinho  -10.69 -9.43 55.06 

Average   526.41 Average   11.85 Average   65.58 
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Table 6. Estimates of the genotypic effects, genetic gain and new predicted averages for the productivity of seeds (PS), seed oil content (SOC), and 

seed oil productivity (SOP), for the top 15% most promising accessions and the controls 

Accessions 

PS 

Accessions 

SOC 

Accessions 

SOP 

g Gain  

New  

Average g Gain  

New  

Average g Gain  

New  

Average 

BGH-4610A 0.34 0.31 0.58 BGH-7219A 0.43 -0.98 17.53 BGH-5485A 0.01 -0.07 0.13 

BGH-5485A 0.30 0.28 0.54 BGH-5649 0.20 -1.21 17.30 BGH-4610A 0.01 -0.07 0.13 

BGH-6590 0.29 0.26 0.53 BGH-5653 0.16 -1.25 17.27 BGH-5472A 0.01 -0.07 0.13 

BGH-5556A 0.22 0.19 0.46 BGH-5466 0.16 -1.25 17.27 BGH-5556A 0.01 -0.07 0.12 

BGH-5472A 0.22 0.19 0.46 BGH-900 0.16 -1.26 17.26 BGH-6590 0.01 -0.07 0.12 

BGH-5544A 0.19 0.17 0.44 BGH-6155 0.16 -1.26 17.26 BGH-5544A 0.01 -0.07 0.12 

BGH-5440A 0.18 0.15 0.42 BGH-5544A 0.15 -1.26 17.25 BGH-4281 0.01 -0.08 0.12 

BGH-4281 0.16 0.13 0.40 BGH-6794 0.15 -1.26 17.25 BGH-5440A 0.01 -0.08 0.12 

BGH-5361A 0.16 0.13 0.40 BGH-5472A 0.15 -1.27 17.25 BGH-5630A 0.01 -0.08 0.12 

BGH-5630A 0.15 0.12 0.39 BGH-305A 0.14 -1.27 17.24 BGH-5473A 0.01 -0.08 0.12 

BGH-5473A 0.15 0.12 0.39 BGH-5455A 0.13 -1.28 17.23 BGH-5361A 0.01 -0.08 0.12 

BGH-5453A 0.13 0.10 0.37 BGH-5240 0.12 -1.29 17.23 BGH-5453A 0.00 -0.08 0.12 

BGH-4287A 0.10 0.08 0.34 BGH-4681A 0.12 -1.29 17.22 BGH-5455A 0.00 -0.08 0.12 

BGH-4454A 0.09 0.06 0.33 BGH-4590A 0.12 -1.29 17.22 BGH-5466 0.00 -0.08 0.12 

Average   0.27 Average   18.52 Average   0.11 

Controls    Controls    Controls    

 BLUES Gain  

New  

Average  BLUES Gain  

New  

Average  BLUES Gain  

New  

Average 

Jacarezinho  0.28 0.30 0.53 Jacarezinho  0.39 2.38 18.98 Jacarezinho  0.05 0.01 0.10 

Maranhão  0.03 0.06 0.29 Maranhão  -0.91 1.07 17.67 Maranhão  0.01 -0.03 0.06 

Jabras  -0.14 -0.12 0.11 Jabras  -1.40 0.59 17.19 Jabras  -0.03 -0.08 0.01 

Tetsukabuto  -0.22 -0.19 0.04 Tetsukabuto  -5.50 -3.52 13.08 Tetsukabuto  -0.05 -0.09 0.00 

Average   0.24 Average   16.73 Average   0.04 
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4. DISCUSSION 

4.1 Variance components and genetic-statistical parameters of the agronomic aspects, 

total content of fruit pulp carotenoids, and the characteristics of seeds and seed oil 

As with other species, the usefulness of C. moschata germplasm conserved in banks 

depends on the level and quality of information associated with it [30, 31, 32, 33, 49,]. The 

samples of C. moschata maintained by BGH-UFV constitute one of the largest collections of 

this species in Brazil [34]. Studies involving the assessment of this germplasm have allowed 

the identification of accessions with crucial characteristics for this crop, such as 

phytopathogenic resistance, and for its genetic improvement in terms of production and 

nutritional aspects of its fruits and seed oil [10, 21, 36, 37]. Although BGH-UFV maintains 

more than 350 accessions of Cucurbita ssp. [35], part of this germplasm has not yet been 

assessed, demonstrating the importance of continuing these studies. 

Most of the C. moschata germplasm express vigorous growth and indeterminate growth 

habit [50], and C. moschata plants commonly occupy a large area of cultivated land, making it 

difficult to phenotypically assess its germplasm in experimental designs such as in randomised 

blocks. The main limitation in the evaluation of C. moschata germplasm in randomised blocks 

is the difficulty of ensuring satisfactory homogeneity throughout the experimental area. In 

addition, the germplasm seed samples kept in banks in most cases are small, making it 

impossible to repeat accessions throughout the experimental area and assess quantitative 

characteristics. In view of this, we proposed in this study to evaluate part of the C. moschata 

germplasm maintained at BGH-UFV using the design known as Federer's augmented blocks 

[39]. The details of all aspects inherent to this design are very well described by Federer and, 

according to him, the design circumvents the limitations mentioned above and can be adopted 

even when the propagating material is insufficient for the establishment of more than one plot 

and where the quantity of samples to be evaluated is too great. 
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The present study describes the evaluation of one of the largest germplasm volumes of 

C. moschata. The high estimates of genotypic variance for characteristics related to seed 

production observed in this study corroborate those reported by [51], who also observed higher 

estimates of genotypic variance for the number of seeds per fruit and flowering characteristics, 

and also a greater contribution of genotypic variance to the phenotypic variance in these 

characteristics. Additionally, most of the characteristics assessed in this study gave high 

estimates of heritability (>0.50), considering the classification of [52], especially the 

characteristics of seeds such as mass of seeds per fruit (MSF), ratio of seed to fruit mass (MS/F), 

and number of seeds per fruit (NSF), as well the aspects related to fruits, such as total content 

of fruit pulp carotenoids (TC) and mass of fruit (MF). High estimates of heritability point to a 

greater correlation between the phenotype and the genotype [53], indicating that most of the 

variability observed for these characteristics resulted from genotypic effects. 

The high estimates of genotypic variances may be associated with the quantitative 

nature of these characteristics, which may be the result of the influence of a high number of 

genes [54]. Most of the germplasm evaluated in this study came from the land of family-based 

farmers, who do not carry out selection either for seed characteristics or to obtain earlier-

flowering genotypes. As already mentioned, the exchange of seeds between farmers and the 

natural occurrence of hybridisation between populations of C. moschata has increased the 

variability of this species, even for characteristics for which selection is commonly carried out, 

such as fruit productivity. 

Considerable predicted gains were obtained for most of the characteristics, considering 

the overall average of accessions. This result was associated with the high estimates of 

genotypic variance and heritability observed for most of the characteristics (Table 2). 

The average relationship between the coefficient of genetic variation and the residual 

coefficient was close to one unit for most of the characteristics. Although the estimates of the 
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residual coefficients of variation for most characteristics were high, in general they tended to 

be lower in relation to their corresponding coefficients of genotypic variability, which 

demonstrates that most of the variability expressed by germplasm was due to genetic factors 

(Table 2). 

4.2 Genetic correlation network 

Analysis of correlations between characteristics has been widely used in plant breeding, 

where often a high number of characteristics must be considered simultaneously [55, 56]. This 

analysis is often used to assist in indirect selection for certain characteristics [55, 57]. However, 

as highlighted by [58], in cases where one intends to practise indirect selection for a primary 

characteristic by means of a secondary one, the heritability of the latter characteristic must be 

greater than that of the former for efficient selection. In view of this, the selection of genotypes 

with higher average mass of fruits (MF) seems to be a promising alternative for obtaining higher 

fruit productivity in C. moschata.  

It should, however, be highlighted that when selecting genotypes for increasing fruit 

productivity in C. moschata, crucial aspects for their acceptability in the consumer market, such 

as the shape and size of fruits, must be considered. Currently, important pumpkin consumption 

centres like the state of Minas Gerais and most of the southeast region of Brazil demand smaller 

fruits, and most of the consumption in these regions is represented by fruits from hybrid 

cultivars, such as Jabras and Tetsukabuto, which have a globular shape and weigh from 2 to 3 

kg [14]. On the other hand, in the north and northeast regions of Brazil, larger fruits, which are 

commonly sold in slices, are more acceptable. The prevention of waste and the ease of transport 

are determining aspects for the acceptability of fruit shapes, and the search for greater 

productivity in the cultivation of C. moschata must therefore also consider these characteristics, 

equating them with aspects such as the number of fruits per plant (NFP), height of fruit (HF) 

and diameter of fruit (DF).  
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Based on the correlations obtained in this study, the simultaneous consideration of 

aspects such as higher number of fruits per plant (NFP), higher productivity of fruits (PF) and 

higher ratio of seed to fruit mass (MS/F) seems to be a promising alternative for obtaining 

higher seed productivity (PS) in C. moschata. The heritability estimates obtained for these 

characteristics (>0.42), suggest that reasonable gains are feasible with selection for each one of 

them (Table 2). With this, besides greater PF and NFP, the selection of genotypes with higher 

PS should also prioritise greater translocation of photoassimilates for seed production, 

something indicated by a higher ratio of seed to fruit mass (MS/F).  

Despite its applicability, correlation analysis has some limitations, and, as warned by 

[59], the quantification and interpretation of the correlation coefficients between two or more 

characteristics can result in errors during the selection process. According to them, this occurs 

because high estimates of correlations between these characteristics may be the effect of one or 

more secondary characteristics. It is therefore recommended that analysis of the association 

between a primary and secondary characteristic be accompanied by information on the direct 

and indirect effects of secondary variables on the primary [60], an approach currently known 

as path analysis [59]. 

Despite some limitations, correlation analysis has proven to be quite useful in plant 

breeding, mainly in the indirect selection for one or more main characteristics that have low 

heritability or are difficult to assess. This indirect selection is based on secondary characteristics 

with greater heritability or ease of assessment, providing faster genetic gains than with direct 

selection. In fact, correlation analysis has assisted in the indirect selection for characteristics of 

roots [61], for productivity in different crops [62, 63, 64], and for nutritional aspects and quality 

of fruits [65, 66]. Correlation analysis can also be very useful in the characterisation and 

management of plant germplasm, as it may optimise the choice and number of descriptors to be 

used in this process. 
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4.3 Genetic variability and clustering 

The analysis of variability provides important assistance in the initial phase of plant 

breeding programmes and in the management of plant germplasm. In this first case, it provides 

allocation of accessions in groups, guiding crossbreeding. C. moschata is allogamous, and 

analysing the variability of its germplasm can assist in the orientation of crossings between 

more diverse genotypes, thereby aiding the exploration of hybrid vigour [67, 68]. Variability 

analysis also allows duplicates in the germplasm collections [69, 70, 71], which correspond to 

pairs or groups of accessions with high similarity, to be identified. In fact, it is estimated that 

less than 30% of the accessions maintained in the collections worldwide are distinct, which 

hinders their maintenance [29]. Therefore, in addition to optimising the use of germplasm, 

variability analysis reduces the cost of its maintenance by reducing its volume [72]. 

The accessions of C. moschata assessed in this study displayed high genetic variability 

in their agro-morphological characteristics, the total content of fruit pulp carotenoids (TC), and 

the productivity of seeds (PS) and seed oil (SOP), resulting in the formation of 16 clusters 

(Table 3). The clustering of Jacarezinho and Maranhão in the same group (Group 1) reflects its 

consistency since these two cultivars have similar characteristics.  

Clustering did not reflect a smaller genetic distance between those accessions from the 

same state or geographic region of Brazil. Group 11, for example, grouped accessions from 

different states and regions; and the preponderance of accessions from Minas Gerais (MG) and 

São Paulo (SP) in this group was probably only a result of the greater number of accessions 

from these states. This trend was repeated for other groups with higher numbers of accessions 

such as 1, 5 and 14. A study involving the assessment of C. moschata accessions from different 

regions of Brazil and maintained at BGH-UFV [73] also did not report smaller genetic distance 

between the accessions from the same state or region. 
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It is notable that the two hybrids used as controls, Jabras and Tetsukabuto, clustered in 

different groups. Although they have similar fruit shape and size, the groups to which they were 

allocated differed in most characteristics (Table 4), and their different genotypic values for most 

characteristics (Tables 5 and 6) justified their clustering in different groups. Tetsukabuto, which 

is an interspecific hybrid between C. moschata and C. maxima [74], corresponded to the group 

with lowest genotypic average for accumulated degree-days for flowering (DDF), in addition 

to expressing genotypic averages quite different from the other groups in relation to the 

characteristics of seeds and seed oil (Table 4), justifying its clustering separately from the other 

genotypes. 

The predominance of yellow colour in the hierarchical clustering in heatmap format 

denoted low similarity between the clusters formed (Figure 3). As can also be seen in Figure 3, 

the uniformity in the yellow coloration for the genetic distances between groups confirms the 

homogeneity of distances between them. 

The variability denoted by the clustering of the accessions corroborates the high 

estimates of genetic variances and heritabilities displayed by most of the agronomic 

characteristics; the total content of fruit pulp carotenoids (TC); and seed characteristics such as 

mass of seeds per fruit (MSF), ratio of seed to fruit mass (MS/F), and number of seeds per fruit 

(NSF) (Table 2). This is also analogous to other studies involving the analysis of variability in 

this crop in Brazil [19, 21]. 

The greater contribution of the average mass of fruits (MF), diameter of fruit (DF), 

diameter of internal cavity of fruit (DIC), as well as the mass of seeds per fruit (MSF), and 

number of seeds per fruit (NSF) for component 1, suggests that there was greater variability for 

these characteristics, and that they contributed more to genotype discrimination (Figure 5). This 

result seems to be related to the estimates of genotypic variance, since MSF and NSF also 

corresponded to characteristics with the greatest genotypic variances (Table 2). The greatest 
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contribution, in component 2, of variables such as the amount of trichomes (AT), leaf recess 

(LR) and amount of trichomes in the petiole (ATP) shows the importance of multi-categorical 

characteristics in the discrimination of the studied germplasm. 

4.4 Identification of promising groups of genotypes 

In C. moschata, the identification of promising groups of genotypes can assist in the 

orientation of crossings targeting hybrid vigour exploitation and the segregation of populations 

for their characteristics of interest [75, 76]. 

As shown in Table 4, Group 1 expressed a high genotypic average for total content of 

fruit pulp carotenoids (TC) and the highest averages for productivity of seeds (PS) and seed oil 

content (SOC), confirming the high number of promising accessions for these characteristics. 

The negative correlations between SOC and characteristics related to the quality of fruit pulp 

in C. moschata, such as content of soluble solids (SS) and resistance of fruit pulp to penetration, 

might hinder simultaneous gains for these characteristics. This can be managed by conducting 

individualised breeding subprogrammes, aiming in one case to improve seed oil production, 

and in another, to improve fruit production and quality.  

The highest average for total content of fruit pulp carotenoids (TC) occurred in Group 

7, formed by the accessions BGH-5455A and BGH-5598A (Table 4). These accessions were 

also identified as the most promising for TC in the identification per se, with new predicted 

averages greater than 170 μg g-1 of fresh pulp mass (Table 5). This result is much higher than 

those reported in previous studies [4, 37, 77]. Among these, the study involving the 

characterisation of 55 accessions of C. moschata, also maintained by the BGH-UFV, reported 

a total content of fruit pulp carotenoid averages not greater than 118.70 μg g-1 of fresh pulp 

mass [37]. On the other hand, averages of up to 404.98 μg g-1 of fresh pulp mass have been 

reported [1, 72], when evaluating C. moschata germplasm from northeast Brazil. The 
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differences observed for the total content of fruit pulp carotenoids between the present study 

and previous studies might be mainly associated with the genetic aspects of the germplasm 

evaluated in each study. According to [72], in northeast Brazil there is a preference for winter 

squash fruits with more orange pulp, a characteristic associated with higher levels of 

carotenoids, which corroborates the results obtained for this characteristic in studies involving 

the evaluation of C. moschata germplasm from this region. 

Studies with C. moschata commonly involve the analysis of fruit pulp carotenoids and 

generally report high levels of these components [1, 4, 78, 79]. Among these studies, about 19 

different carotenoids in the carotenogenic profile of the fruit pulp were identified [1], and β- 

and α-carotene constituted the largest proportion of the total carotenoid content in this species. 

In fact, this vegetable has been considered one of the best sources of carotenoids such as β-

carotene, with levels above those found in other important carotenogenic vegetables, such as 

carrots [80]. 

The main biological functions of components such as α- and β-carotene are their 

pronounced pro-vitamin A activity [81, 82], and a series of bioactive functions, especially 

antioxidant activity [83, 84]. Along with its bioactive functions, C. moschata brings together 

fundamental characteristics for biofortification programmes, such as high production potentials 

and profitability, high efficiency in reducing deficiencies in micronutrients in humans, and good 

acceptance by producers and consumers in the regions where this crop is grown [8]. C. 

moschata has therefore been strategically used in programmes targeting biofortification in 

vitamin A precursors, among them the Brazilian Biofortification Programme (BioFORT), led 

by the Brazilian Agricultural Research Corporation (Embrapa) [9]. 

The main interest in the assessment of productivity of seeds (PS) and seed oil 

productivity (SOP) in C. moschata corresponds to the high potential for using its seed oil for 

food purposes. Governments and health experts are interested in encouraging the consumption 



53 
 

 
 

of unsaturated fatty acids rather than saturated ones, based on the consensus that this reduces 

the risk of cardiovascular diseases [85, 86, 87], and this vegetable not only has a high oil 

content, with the lipid fraction of its seeds reaching up to 49% of its composition [88], but the 

lipid profile of this oil consists of more than 70% unsaturated fatty acids, with a preponderance 

of fatty acids such as linoleic C18: 2 (Δ9,12) and oleic C18: 1 (Δ9).  

C. moschata seed oil is also rich in bioactive components such as vitamin E and 

carotenoids [13], which have important antioxidant activity, in addition to protecting the oil 

against oxidative processes. Despite this, most of the seeds from the production of C. moschata 

in Brazil are still discarded during consumption. Their use, therefore, represents an alternative 

way of supplementing diets as well as increasing the income of farmers involved in the 

production of this vegetable. 

Group 16, consisting solely of the control Tetsukabuto, displayed the lowest average for 

accumulated degree-days for flowering (DDF), indicating that this genotype has the earliest 

flowering period (Table 4). As can also be seen in the Table 4, most groups had intermediate 

averages for DDF. Normally, C. moschata plants have very long internodes, and this, coupled 

with the vigorous growth of this species, limits its cultivation, since plants with a greater 

internode length require much larger areas for cultivation. The interest in assessing precocity in 

C. moschata is based on the possible relationship of this characteristic with aspect such 

determinate growth habit. According to [89], the Bu gene, identified as being responsible for 

the formation of shorter internodes in pumpkins, is also linked to earlier flowering in this 

species. In a study evaluating hybrids and segregating winter squash populations for oil 

production and plant size reduction [50], the cultivars Piramoita and Tronco Verde, which have 

determinate growth habits, displayed the smallest number of days for female flowering. Greater 

precocity is an important characteristic for most crops, especially in the cultivation of 
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vegetables, as it optimises the use of cultivation areas, reduces the risks of exposure of the crop 

to adverse abiotic and biotic factors, and reduces management costs. 

In view of the low correlation observed between accumulated degree-days for flowering 

(DDF) and the other characteristics, it is unlikely that accessions that simultaneously express 

earlier-flowering and other important characteristics in C. moschata will be identified. 

Therefore, the initial identification of earlier-flowering accessions, followed by incorporation 

of this trait in germplasm that is promising for other characteristics seems appropriate in C. 

moschata breeding.  

Group 4, formed by BGH-1927, BGH-4681A and BGH-5653, had the highest average 

for productivity of fruits (PF) (Table 4). It also had one of the highest averages for mass of 

fruits (MF) and an intermediate average for number of fruits per plant (NFP), corroborating the 

estimates of the correlations between these characteristics and productivity of fruits (Figure 2). 

The accessions BGH-4681A and BGH-5653 were also identified as the most promising for PF 

in the per se identification, with averages above 20 t ha-1 (Table 5). These averages were much 

higher than the world average, estimated at 13.4 t ha-1 [6]. 

Although the cultivation of C. moschata is primarily intended for fruit production, as 

already mentioned, the selection of genotypes for greater fruit productivity in this crop must 

also consider crucial aspects for the acceptability of fruits such as shape and size. In general, 

winter squash production must currently prioritise the adoption of cultivars with smaller fruits. 

In addition to obtaining fruits of greater mass, greater productivity in C. moschata can also be 

achieved by obtaining cultivars with higher number of fruits per plant (NFP), based on the 

estimated correlation observed between productivity of fruits (PF) and NFP (Figure 2). 



55 
 

 
 

4.5 Per se identification of promising accessions  

Per se identification of promising accessions can guide selection for a specific trait, 

allowing the identification of promising accessions for the development of superior inbred 

lines and/or open-pollinated cultivars. In fact, from a brief survey of the Brazilian National 

Cultivar Register (RNC), it appears that, of the 182 cultivars of C. moschata registered at the 

moment, most consist of open-pollinated cultivars [74]. This survey also found a considerable 

number of intra- and interspecific hybrids, confirming the feasibility of applying inbreeding in 

certain stages of C. moschata breeding.  

The selected accessions displayed averages for accumulated degree-days for flowering 

(DDF) much lower than the general averages of the accessions and the controls. Notably, the 

accessions BGH-6749, BGH-5639, and BGH-219 expressed the lowest new predicted averages 

for DDF, making them the earliest-flowering accessions (Table 5). Regarding productivity of 

fruits (PF), the notably more promising accessions were BGH-4453, BGH-5653, BGH-5544A, 

BGH-4681A, BGH-5224A, and BGH-6587A, which expressed gains above 8 t ha-1 and new 

predicted averages for PF above 20 t ha-1 (Table 5). It should be highlighted that the BGH-

5544A accession also expressed high averages for productivity of seeds (PS) and seed oil 

(SOP), corroborating the correlations of these characteristics with productivity of fruits (Figure 

2). 

The most promising accessions for total content of fruit pulp carotenoids (TC) were 

BGH-5455A and BGH-5598A (Table 5). These accessions expressed gains and new predicted 

averages for TC higher than 108.03 and 173.80 μg g-1 of fresh pulp mass, respectively, which 

were much higher than those of the controls. For the characteristics of seed and seed oil, it was 

found that the accessions BGH-4610A, BGH-5485A, and BGH-6590 were the most promising 

for productivity of seeds (PS) (Table 6). These accessions expressed gains and new predicted 

averages for PS of up to 0.31 and 0.58 t ha-1, respectively. The most promising accessions for 
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seed oil productivity (SOP) were BGH-5485A, BGH-4610A, and BGH-5472A, which had new 

predicted averages for SOP of 0.13 t ha-1. It is worth highlighting that these accessions 

corresponded to those with higher PS, corroborating the strong correlation between productivity 

of seeds and seed oil productivity (Figure 2). 

5. CONCLUSIONS 

The accessions of C. moschata assessed in this study expressed high genetic variability 

for agro-morphological characteristics and for agronomic aspects related to the production of 

seeds such as number and mass of seeds per fruit, for accumulated degree-days for flowering, 

for total content of fruit pulp carotenoids, and for productivity of fruits, which allowed 

considerable gains to be obtained from selection for each of these characteristics. 

The network of genetic correlations showed that higher fruit productivity in C. moschata 

might be achieved from the selection of aspects considered crucial in the production of this crop 

such as higher number of fruits per plant, and height and diameter of fruit. It also showed that 

greater seed productivity might be achieved with selection for a higher ratio of seed to fruit 

mass, number and mass of seeds per fruit; this information will assist in selection for higher 

productivity of fruit, seed and seed oil.  

The clustering analysis resulted in 16 groups, with low similarity between the groups, 

which corroborates the variability of these accessions. 

Grouping the averages of the clusters and identification per se allowed the most 

promising groups and accessions to be recognised for each characteristic, an approach that will 

guide the use of these accessions in breeding programmes. 

Per se analysis identified the accessions BGH-6749, BGH-5639, and BGH-219 as those 

with the lowest averages for accumulated degree-days for flowering, highlighting them as the 

earliest flowering accessions. The most promising accessions for productivity of fruits were 

BGH-4453, BGH-5653, BGH-5544A, BGH-4681A, BGH-5224A, and BGH-6587A, with new 
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predicted averages greater than 20 t ha-1. The accessions with the highest averages for total 

content of fruit pulp carotenoids were BGH-5455A and BGH-5598A, with averages greater 

than 170.00 μg g-1 of fresh pulp mass. The accessions BGH-5485A, BGH-4610A, and BGH-

5472A were the most promising for seed oil productivity, which, in the case of the former two, 

also corresponded to the highest averages for productivity of seeds. The accessions of C. 

moschata assessed in this study are a promising source for the genetic improvement of 

characteristics such as early flowering, total content of fruit pulp carotenoids, and productivity 

of seeds and seed oil. 
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ABSTRACT 

Cucurbita moschata D. seed oil contains approximately 75% unsaturated fatty acids, with high 

levels of monounsaturated fatty acids and antioxidant compounds such as vitamin E and 

carotenoid, constituting a promising food in nutritional terms. Associated to this, the Brazilian 

germplasm of C. moschata exhibits remarkable variability, representing an important source 

for the genetic breeding of this vegetable and other cucurbits. In this context, the present study 

evaluated the productivity and profile of the seed oil of 91 C. moschata accessions from 

different regions of Brazil and maintained in the Vegetable Germplasm Bank of the Federal 

University of Viçosa (BGH-UFV). A field experiment was conducted between January and July 

2016. The tested C. moschata accessions showed high genetic variability in terms of 

characteristics related to seed oil productivity (SOP), such as the mass of seeds per fruit and 

productivity of seeds, providing predicted selection gains of 29.39 g and 0.26 t ha-1, 

respectively. Based on the phenotypic and genotypic correlations, greater SOP can be achieved 

while maintaining high oleic acid content and low linoleic acid content, providing oil of better 

nutritional and chemical quality. In variability analysis, the accessions were clustered into five 

groups, which presented different averages for SOP and fatty acid content of seed oil; approach 

that will guide the use of appropriate germplasm in programs aimed at genetic breeding for SOP 

and seed oil profile. Per se analysis identified BGH-4610, BGH-5485A, BGH-6590, BGH-

5556A, BGH-5472A, and BGH-5544A as the most promising accessions in terms of SOP, with 

average (+g) of approximately 0.20 t ha-1. The most promising accessions for higher oleic acid 

content of seed oil were BGH-5456A, BGH-3333A, BGH-5361A, BGH-5472A, BGH-5544A, 

BGH-5453A, and BGH-1749, with average (+g) of approximately 30%, and almost all of 

these accessions were also the most promising in terms of lower linoleic acid content of seed 

oil, with average (+g) of approximately 45%. Overall, part of the C. moschata accessions 

evaluated in the present study can serve as a promising resource in genetic breeding programs 
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for SOP and fatty acid profile, aiming at the production of oil with better nutritional and 

physicochemical quality. 

KEYWORDS: bioactive compounds, genetic correlation, clustering, Cucurbita moschata, 

genetic parameters, seed oil. 

1 INTRODUCTION 

Winter squash (Cucurbita moschata D.) is one of the cucurbit vegetables of great 

socioeconomic importance owing to the high nutritional value of its fruits and seeds. Cultivated 

mainly for fruit production, C. moschata has been strategically used in biofortification 

programs for vitamin A because of its high content of carotenoids in fruits such as β- and α-

carotene—the major precursors of vitamin A (Carvalho et al., 2012; Saltzman et al., 2013). In 

addition, winter squash fruits are an excellent source of minerals such as K, Ca, P, Mg, and Cu 

(Nagar et al., 2018; Priori et al., 2018). C. moschata is cultivated across a wide geographical 

range worldwide, and together with other cucurbits such as C. pepo and C. maxima, the area 

under the cultivation and worldwide production of C. moschata was estimated to be nearly 2 

million hectares and 27.6 million tons, respectively, in 2018 (FAO, 2020), highlighting the 

socioeconomic importance of this vegetable. 

 Furthermore, C. moschata seed oil can serve as an excellent product due to its nutritional 

and physicochemical properties, associated with the high seed production potential of this 

vegetable. Lipids account for up to 49% of C. moschata seed components (Jarret et al., 2013; 

Patel, 2013), and studies on the germplasm of this cucurbit have already identified accessions 

that can produce up to 0.58 t·ha-1 of seeds (Gomes et al., 2020). C. moschata seed oil contains 

approximately 75% unsaturated fatty acids, with high content of monounsaturated fatty acids 

(MUFAs), such as oleic acid (Jarret et al., 2013; Sobreira, 2013; Veronezi and Jorge 2015). 

Thus, it is an excellent substitute for vegetable lipid sources that contain high levels of saturated 

fatty acids, which are harmful to human health. Associated with this, some studies have reported 
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that C. moschata seeds and seed oil contain high levels of antioxidant compounds, such as 

vitamin E and carotenoids, components beneficial to human health (Veronezi and Jorge 2012; 

Dash et al., 2017), which also protect the seed oil from oxidative processes that may lead to 

rancidity. In this line, C. moschata seed oil may serve as a health food in the cultivation regions 

of this vegetable, particularly in less developed regions, and in the family farming context 

(Gomes et al., 2020). 

Studies on the Brazilian germplasm of C. moschata have emphasized the evaluation of 

agromorphological characteristics reporting remarkable variability in these traits (De Lima et 

al., 2016; Ferreira et al., 2016; Oliveira et al., 2016; Gomes et al., 2020). As an allogamous 

species, variability in the C. moschata germplasm is associated with the occurrence of natural 

hybridization across different populations. Already present in the diet of native Latin American 

people (Dillehay et al., 2007; Piperno et al., 2003), and with a widespread cultivation in the 

American continent, the variability of C. moschata may also be related to anthropogenic 

actions, such as frequent exchange of seeds among family farmers (Gomes et al., 2020). 

Additionally, the variability of the Brazilian germplasm of C. moschata reflects its adaptation 

to a broad ecological range, constituting different edaphoclimatic conditions; thus, these 

accessions represent an important source for the genetic breeding of this vegetable and other 

cucurbits. 

The Vegetable Germplasm Bank of the Federal University of Viçosa (BGH-UFV) 

maintains approximately 350 accessions of C. moschata, mostly landraces, with a collection 

period of over five decades, from different geographic regions of Brazil (Silva et al., 2001). 

The C. moschata collection maintained in the BGH-UFV constitutes a substantial sample of the 

Brazilian germplasm, being one of the largest collections of this species in the country (Fonseca 

et al., 2015). A preliminary assessment of the seed oil fatty acid profile of a small part of the C. 

moschata germplasm maintained in the BGH-UFV revealed high variability among 54 
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accessions in terms of oleic acid content (Sobreira, 2013). In that study, BGH-7765, with oil 

oleic acid content of 28.39%, was identified as a promising accession for use as parent 

germplasm in breeding programs aimed at improving C. moschata seed oil. 

To this end, the objectives of the present study were (a) to evaluate the seed oil 

productivity (SOP) and oil fatty acid profiles of 91 C. moschata accessions from different 

regions of Brazil maintained in the BGH-UFV; (b) to analyze the correlations between these 

characteristics; and (c) to examine the variability of this germplasm for identifying accessions 

with high SOP and high oleic fatty acid content but low linoleic acid content in seed oil. 

2 MATERIAL AND METHODS 

2.1 Germplasm origin 

The present study evaluated 91 C. moschata accessions maintained in the BGH-UFV. 

These accessions, mostly landraces, have been collected by the BGH-UFV over a period of 

more than five decades (Silva et al., 2001) from different geographical regions of Brazil (Figure 

1). The accessions were evaluated with four genotypes used as controls, the cultivars 

‘Jacarezinho’ and ‘Maranhão’ and the hybrids Jabras and Tetsukabuto, which are widely 

cultivated and commercialized in Brazil. 
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Figure 1. Brazilian map displaying the regions of origin of the Cucurbita moschata accessions 

tested in the present study.  

2.2 Location and conduct of the experiment 

A field experiment was conducted between January and July 2016 at “Horta Velha”—

an experimental unit of the Department of Agronomy of UFV (20°45′24″S, 42°50′45″W; 

altitude, 648.74 m). 

The genotype seedlings were cultivated in expanded polystyrene trays with 72 cells 

containing a commercial substrate. Subsequently, the seedlings were transplanted in the 

experimental area following to the augmented block design proposed by Federer (1956), with 

five replicates for each control. The plants were distributed with 3 × 3 m spacing between 

plants and rows, resulting in a stand of 1,111 plants ha-1. Each experimental plot contained 

five plants, and all evaluations of fruits, seeds, and seed oil were performed on three fruits 

each from three central plants in a plot. 



74 
 

 
 

2.3 Assessment of seed oil productivity 

The genotypes were evaluated for the number of fruits per plant (NFP), total mass of 

seeds per fruit (MSF), productivity of seeds (PS), and total seed oil content (SOC). The PS, 

SOC, and SOP estimates were obtained using the following equations (equations 1, 2, and 3, 

respectively): 

PS = 𝑁𝐹𝑃 ×  𝑀𝑆𝐹 ×  1,111∗        (1) 

SOC = Weight of oil extracted from the seed sample (mg)Total weight of the seed sample (mg) × 100     (2) 

SOP = 
PS × SOC100           (3) 

where PS is the productivity of seeds (t ha-1); NFP is the number of fruits per plant; MSF is the 

mass of seeds per fruit (g); *1,111 is the number of plants per hectare; SOC is the oil content 

expressed as the percentage of the seed mass on a dry basis (%); and SOP is the seed oil 

productivity (t ha-1). 

Initially, the seeds were dried in a forced air circulation oven for 72 h at 30°C. Next, 20 

g seeds from each genotype were ground in a Willey knife mill with a 1 mm sieve. SOC was 

determined in an extractor (ANKOM XT15) following extraction with petroleum ether using a 

standard AOAC method (Thiex et al., 2003). Before loading in the extractor, the ground seed 

samples were dried in an unventilated oven at 105°C for 2 h. Then, approximately 2 g samples 

were transferred to filter envelopes (XT4; ANKOM technology), which were sealed and placed 

in the extractor. Oil was extracted from the samples with ether circulation for 30 min at 90°C, 

and the percentage of oil was calculated as the difference between the sample weight before 

and after extraction. SOC was expressed in grams per 100 grams of seeds on a dry basis. 
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2.4 Analysis of the fatty acid profile of seed oil 

Seed oil extracted by cold pressing was subjected to gas chromatography. Oil was 

extracted from approximately 50 g of seeds using a hydraulic press aid according to the 

methodology described by Gomes et al. (2020). 

The composition of the methyl esters of oil fatty acids was determined according to the 

methodology described by Bubeck et al. (1989), with some modifications. The Shimadzu GC-

17A gas chromatograph equipped with an automatic insertion platform, a flame ionization 

detector, and a Carbowax capillary column (30 m × 0.25 nm) was used. Chromatography was 

performed at an injector temperature of 230°C and detector temperature of 250°C. The column 

operation was programmed to start at 200°C, with an increase of 3°C·min-1 until reaching the 

final temperature of 225°C. Nitrogen was used as the carrier gas at a flow rate of 1.3 L·min-1. 

The content of each methyl ester of fatty acids was expressed as a percentage of relative peak 

area. 

2.5 Obtaining of best non-biased linear predictions (BLUPs), best non-biased linear 

estimates (BLUEs), variance components, and genetic-statistical parameters 

Data were analyzed using a mixed model based on the predictions of restricted 

maximum likelihood (RML) and BLUPs. The “lme4” package in R version 3.6.1 was used 

(Bates et al., 2015). The variance components were obtained based on RML, and the genotypic 

values were obtained based on BLUPs and BLUEs using the following model: 

y = Wb + Xa + Zt + e 

where y represents the vector comprising the phenotypic values of variables; b 

represents the vector comprising the effect of blocks (random effect); a represents the vector 

comprising the effect of accessions (random effect); t represents the vector comprising the 

control effect (fixed effect); and e represents the error vector. W, X, and Z represent the 
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incidence matrices of parameters b, a, and t, respectively, with the data vector y. All statistical 

analyses were performed based on the genotypic values. 

The genetic parameters were obtained based on the following estimators:  

h2 =1- (Pev/2σ2
g) 

where Pev represents the prediction of error variance (Cullis et al., 2006) 

𝐴 = √1 − (𝑃𝑒𝑣/ 𝜎𝑔2) 

DS = h2* 

where DS represents the selection differential, estimated from an average of 15% of the most 

promising accessions for each characteristic.  

CVg % = (σg/μ) × 100 

CVp % = (σp/μ) × 100 

CVr % = (σ/μ) × 100. 

2.6 Analysis of correlations between characteristics 

The correlations between characteristics were analyzed based on the following model: 

𝑟𝑔 = 𝐶𝑜𝑣 (𝑥, 𝑦)/√𝜎𝑔2(𝑥) 𝜎22(𝑦) 

where Cov (x, y) represents the genetic covariance between two variables, X and Y, and σ2
g (x) 

and e σ2
g (y) represent the genetic variances corresponding to the variables X and Y, 

respectively. 

The significance of correlations was analyzed in GENES (Cruz, 2013) using the Mantel 

test (Z statistic) at 1% and 5% probability. 

2.7 Analysis of the germplasm variability 

The matrix of distances between the genotypes was obtained based on the genotypic 

values of characteristics related to SOP and seed oil profile. The distances between genotypes 
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were estimated as the average Euclidean distance with data standardization. Based on this, 

variability was assessed using Tocher’s clustering in GENES (Cruz, 2013). 

Principal component analysis was used to identify the contribution of the characteristics 

to genotype variability using GENES (Cruz, 2013). 

2.8 Identification of promising accessions 

Promising accession clusters were identified, and per se analysis of the most promising 

accessions for each characteristic was performed. Per se identification was performed based on 

the ranking of the respective genotypic values and the environmental interaction-free genotypic 

value (μ+g), considering 15% of the most promising accessions. 

3. RESULTS 

3.1 Variance components and genetic-statistical parameters of characteristics related to 

SOP and fatty acid profiles 

MSF was the characteristic associated with SOP with the highest genotypic variance 

(Table 1). Regarding oil fatty acid profile, oleic acid content exhibited the highest genotypic 

variance. Linoleic acid and polyunsaturated fatty acid (PUFA) content exhibited genotypic 

variances of 10.66% and 10.65%, respectively. All these variances were significant (p <0.01), 

as shown in Table 1. 

Most of the tested characteristics showed very high heritability (>0.70) (Table 1), 

according to the classification of Resende (1995). The heritability estimates for PS, SOP, oleic 

acid content, and linoleic acid content were 0.705, 0.667, 0.857 and 0.729, respectively. 

The predicted selection gains for PS and SOP were 0.266 and 0.10 t ha-1, respectively 

(Table 1). Among the characteristics related to oil fatty acid profile, oleic acid content achieved 

the greatest selection gain (6.99%), followed by linoleic acid content (-5.12%) and PUFA 

content (-5.11%), which also achieved considerable selection gains (Table 1). The phenotypic 
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amplitude was up to 0.90 t ha-1 (phenotypic mean, 0.26 t ha-1) for PS and up to 0.36 t ha-1 

(phenotypic mean, 0.050 t ha-1) for SOP (Table 1). Oleic acid content ranged from 16.01 to 

40.18% (phenotypic mean, 24.55%), and linoleic acid content from 36.58 to 58.33% 

(phenotypic mean, 50.66%). 
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Table 1. Variance components and genetic-statistical parameters of characteristics related to seed oil productivity and fatty acid profiles 

Number of fruits per plant (NFP), mass of seeds per fruit (MSF), productivity of seeds (PS), seed oil content (SOC), seed oil productivity (SOP), and polyunsaturated fatty acid 

(PUFA) content. Components of phenotypic (σp), genotypic (σg), and residual (σ) variances as well as variance associated with the block effect (σb). Accuracy (A), broad-sense 

heritability (h2), selection gain (SG), phenotypic range, phenotypic average (μ), coefficient of genotypic (CVg, %), phenotypic (CVP, %), and residual (CVr, %) variation. Not 

significant (ns); **p < 0.01 and *p < 0.05, likelihood-ratio test. 

Fruit trait 

Trait σ2
p σ2

g σ2
b σ2

r A h2 SG Phenotypic range μ CVg % CVP   % CVr % 

NFP 8.683 2.876ns 0.585 5.222 0.600 0.361 1.961 1- 15 4.783 35.456 61.607 47.776 

Seed traits 

Traits σ2
p σ2

g σ2
b σ2

r A h2 SG Phenotypic Range μ CVg % CVP   % CVr % 

MSF 491.465 427.158** 16.394 47.913 0.943 0.891 29.399 4.4- 119.3 51.929 39.800 42.691 13.329 

PS 0.042 0.025ns 0.006 0.010 0.839 0.705 0.266 0.01- 0.9 0.269 58.778 76.185 37.174 

SOC 11.840 1.988ns 0.000 9.851 0.425 0.181 0.797 25.57- 48.89 18.516 7.614 18.583 16.950 

SOP 0.007 0.004ns 0.001 0.002 0.816 0.667 0.102 0.003- 0.36  0.050 126.49 167.332 89.442 

Traits of seed oil profile  

Traits σ2
p σ2

g σ2
b σ2

r A h2 SG Phenotypic range μ CVg% CVP% CVr % 

Palmitic 1.064 0.000ns 0.077 0.987 0.000 0.000 0.000 12.04- 18.14 15.16 0.000 6.804 6.553 

Estearic 1.159 0.000ns 0.066 1.093 0.000 0.000 0.000 6.31- 12.3 9.60 0.000 11.214 10.890 

Oleic 24.863 17.182** 5.268 2.412 0.925 0.857 6.999 16.01- 40.18  24.55 16.884 20.310 6.326 

Linoleic 17.914 10.664** 3.629 3.620 0.853 0.729 -5.121 36.58- 58.33  50.66 6.446 8.354 3.755 

Linolenic 0.001 0.001ns 0.000 0.000 0.992 0.986 -0.013 0.01- 0.33 0.18 17.568 17.568 0.000 

Oleic/linoleic 0.023 0.016ns 0.004 0.001 0.937 0.879 0.232 0.27- 1.09 0.049 258.14 309.505 0.000 

saturated 2.074 0.000ns 0.151 1.923 0.000 0.000 0.000 21.03- 28.14 24.76 0.000 5.816 5.600 

PUFA 17.906 10.653** 3.617 3.634 0.853 0.728 -5.116 36.60- 58.34  50.68 6.440 8.349 3.761 
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3.2 Correlations of characteristics related to SOP and fatty acid profiles 

For convenience, NFP, MSF, and PS were assumed to be directly related to SOP. The 

phenotypic correlations of these first variables with SOP ranged from 0.51 (SOP × MSF) to 

0.99 (SOP × PS), with all correlations being significant (p < 0.01). The phenotypic correlations 

between SOP × PS (0.99) and SOP × NFP (0.75) were classified as very strong and strong, 

respectively, according to Shimakura and Ribeiro Júnior (2012). The genotypic correlations 

between characteristics directly related to SOP were similar to the phenotypic correlations in 

terms of direction and significance, although their magnitude was slightly smaller (Figure 2). 

Figure 2. Phenotypic (A) and genotypic (B) correlations of characteristics related to seed oil productivity and fatty 

acids. Number of fruits per plant (NFP), mass of seeds per fruit (MSF), productivity of seeds (PS), seed oil content 

(SOC), seed oil productivity (SOP), oleic acid (OA) content, linoleic acid (LA) content, linolenic acid (LNA) 

content, OA:LA ratio, and polyunsaturated fatty acid (PUFA) content were measured. 

SOP showed the strongest positive correlation with oleic acid content (0.23) and oleic 

acid:linoleic ratio (0.22) and strongest negative correlations with linoleic (-0.21) and PUFA (-

0.21) content. SOP showed weak correlations with fatty acids, according to Shimakura and 

Ribeiro Júnior (2012), ranging from 0.20 to 0.39. Most of the genotypic correlations between 

SOP and oil fatty acids were similar to the phenotypic correlations in terms of direction and 

significance, although their magnitude was smaller (Figure 2). 

A 

 

 

 
 
 
 
 
 
 
 
 
 
 

B 
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Among fatty acids, linoleic and PUFA content showed the strongest positive correlation 

(1; p <0.01) (Figure 2). The correlation between the oleic content × oleic acid:linoleic ratio 

(0.98; p < 0.01) was classified as very strong (Figure 2), according to Shimakura and Ribeiro 

Júnior (2012). Oleic acid:linoleic ratio × linoleic acid content and oleic acid:linoleic ratio × 

PUFA acid content showed very strong negative correlations (both -0.96; p < 0.01). Similarly, 

oleic acid content × linoleic acid content showed very strong negative correlation (-0.95; p 

<0.01). Most of the genotypic correlations between fatty acids were similar to the phenotypic 

correlations in terms of direction, significance, and magnitude (Figure 2). 

3.3 Clustering and variability of accessions based on characteristics related to SOP and 

fatty acid profiles 

In clustering analysis, the tested accessions and controls formed five groups. Group 1 

included 83 accessions (91.20%) and the controls Jabras, Jacarezinho, Maranhão, and 

Tetsukabuto. Group 2 comprised eight accessions (8.79%), corresponding to the second largest 

group. Group 3 comprised two accessions, and the remaining groups (4 and 5) comprised a 

single accession each (Table 2). 

Group 5, formed by the accession BGH-4610A, presented the highest average (μ+g) 

value for SOP, estimated at 0.277 t ha-1. Group 2, formed by the accessions BGH-5472A, BGH-

5544A, BGH-5556A, BGH-5361A, BGH-5453A, BGH-3333A, BGH-6590, and BGH-5485A, 

also presented a high average (μ+g) value for SOP, estimated at 0.19 t ha-1 (Tables 2 and 3). 

Regarding the fatty acid content of seed oil, group 3, formed by the accessions BGH-

5456A and BGH-1749, presented the highest average (μ+g) value for oleic acid content 

(34.18%), followed by group 2 (30.62%). Group 3, formed by the accessions BGH-5456A and 

BGH-1749, presented the lowest average (μ+g) value for linoleic acid content (43.16%) (Tables 

2 and 3). 
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Table 2. Tocher’s clustering of accessions based on the genotypic values of characteristics 

related to seed oil productivity and oil fatty acid profiles 

Clusters Accessions 

1 

BGH-5224  BGH-5240  BGH-5560A  BGH-5301  BGH-6099  BGH-315  BGH-5603  
BGH-1004  BGH-5499A  BGH-5548A  BGH-95  BGH-5554A  BGH-5593  BGH-5638  
BGH-5494A  BGH-5530A  BGH-5551  BGH-5597  BGH-5606A  BGH-5552  BGH-900  
BGH-6115  BGH-4598A  BGH-5596A  BGH-4590A  BGH-5247A  BGH-6096  BGH-
5616A  BGH-5553  BGH-5493A  BGH-7668  BGH-5451  BGH-5659A BGH-4607A  
BGH-1461A  BGH-6594  BGH-6794  BGH-5559A  Maranhão  BGH-6749  BGH-4516  
BGH-5497  BGH-1927  BGH-4681A  GBH-5694  BGH-117  BGH-6587A  BGH-6117A  
BGH-6595  BGH-291  BGH-5648  BGH-5455A  BGH-6116  BGH-5528  BGH-5639  
BGH-5248  BGH-4287A  BGH-4454A  BGH-5624A  BGH-6593  BGH-5541  
Tetsukabuto BGH-5442  BGH-5538  BGH-5591A  BGH-5051  BGH-4459A  Jabras  
BGH-1992  BGH-305A  BGH-5630A  BGH-7219A  BGH-5598A  BGH-4453  BGH-
5466  Jacarezinho  BGH-4281  BGH-5473A  BGH-1961  BGH-5649A  BGH-5653  BGH-
6155  BGH-5440A   

2 BGH-5472A BGH-5544A BGH-5556A BGH-5361A BGH-3333A BGH-5453A BGH-
6590 BGH-5485A   

3 BGH-1749 BGH-5456A 

4 BGH-1945A 

5 BGH-4610 

 

Table 3. Grouping of genotypic averages of the accession groups based on Tocher’s method of 

average grouping  

The genotypic averages followed by the same letters in the column do not differ from one another based on the 

Tocher’s method of average grouping. 

  

Clusters SOP Oleic Linoleic PUFA 

1 0.087 b  22.996 b 51.850 b 51.864 b 

2 0.198 a 30.626 a 46.482 a 46.506 a 

3 0.041 b  34.184 a 43.168 a 43.186 a 

4 0.046 b 22.012 b 51.873 b 52.121 b 

5 0.277 a 22.759 b 51.820 b 51.835 b 
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3.4 Principal components analysis  

The first three principal components (PCs) explained 82.13% of total variation among 

accession in terms of characteristics related to SOP and fatty acid profiles. PC1 explained 

47.16% of total variation. The oleic acid:linoleic acid ratio and oleic acid content were the 

characteristics with the highest positive loading, while linoleic acid content and PUFA content 

were the characteristics with the highest negative loading on PC1 (Figure 3). 

Figure 3. Dispersion of characteristics related to seed oil productivity and fatty acid profile in relation to the first 

three principal components. Number of fruits per plant (NFP), mass of seeds per fruit (MSF), productivity of seeds 

(PS), seed oil content (SOC), seed oil productivity (SOP), and polyunsaturated fatty acid (PUFA). 

PC2 explained 24.14% of total variation, and PS, SOP, and MSF were the characteristics 

with the highest positive loading on this PC. PC3 explained 10.83% of total variation, and SOC 

and MSF were the characteristics with the highest loading on this PC. 

Furthermore, PCA revealed the relationships between the characteristics. Along PC1, 

SOP was strongly and positively correlated with PS and NFP; moreover, along the same PC, 

there was a strong positive correlation between oleic acid content and oleic acid:linoleic acid 

ratio and a strong negative correlation between linoleic acid content and PUFA content (Figure 

3). 
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3.5 Identification of promising accessions in terms of SOP and fatty acid profiles 

Among the tested accessions, the (μ+g) estimate for SOP ranged from 0.14 to 0.27 t ha-

1, which was much higher than the general average for accessions (0.05 t ha-1). Notably, the 

accessions BGH-4610A, BGH-5485A, BGH-6590, BGH-5556A, BGH-5472A, and BGH-

5544A were the most promising in terms of SOP, with values close to 0.20 t ha-1 (Table 4). 

Among fatty acids of seed oil, oleic acid content showed the highest (μ+g) amplitude 

(17.71 to 37.20%) (Figure 4). Associated with this, the (u+g) estimates for oleic acid content 

among the selected accessions ranged from 27.28 to 37.20% (Table 4). The accessions BGH-

5456A, BGH-3333A, BGH-5361A, BGH-5472A, BGH-5544A, BGH-1749, BGH-5653, and 

BGH-5453A were the most promising in terms of oleic acid content, with values close to 

30.00%. 

Figure 4. Box plots showing the variability in the oleic, linoleic, and polyunsaturated fatty acid content 

in the seed oil of the tested accessions.  

Among the selected accessions, the (μ+g) estimate for linoleic content ranged from 

41.09 to 48.77%. The accessions BGH-5456A, BGH-3333A, BGH-5361A, BGH-1749, BGH- 

5544A, and BGH-5556A expressed the lowest estimates for linoleic acid content, with values 

close to 40.00% (Table 4). 

The (μ+g) estimates for oleic acid:linoleic acid ratio ranged from 1.00 to 0.57 among 

the selected accessions, and the accessions BGH-5456A, BGH-5361A, BGH-3333A, BGH-

1749, BGH-5472A, and BGH-5544A expressed the lowest estimates, with values close to 0.75. 
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The (μ+g) estimates for PUFA content ranged from 41.12 to 48.78%, and the accessions with 

the lowest estimates were BGH-5456A, BGH-3333A, BGH-5361A, BGH-1749, and BGH-

5544A, with values close to 40% (Table 4). 



86 
 

 

Table 4. Estimates of genotypic values (g) and environmental interaction-free genotypic values 

(μ+g) for seed oil productivity and fatty acid profiles 

Accessions 
SOP 

Accessions 
Oleic  

Accessions 
Linoleic  

g μ + g g μ + g g μ + g 

BGH-4610A 0.227 0.277 BGH-5456A 12.651 37.201 BGH-5456A -9.563 41.097 

BGH-5485A 0.203 0.253 BGH-3333A 9.458 34.008 BGH-3333A -7.354 43.306 

BGH-6590 0.176 0.226 BGH-5361A 8.987 33.537 BGH-5361A -6.129 44.531 

BGH-5556A 0.174 0.224 BGH-5472A 7.965 32.515 BGH-1749 -5.421 45.239 

BGH-5472A 0.166 0.216 BGH-5544A 6.913 31.463 BGH-5544A -4.821 45.839 

BGH-5544A 0.152 0.202 BGH-1749 6.617 31.167 BGH-5556A -4.663 45.997 

BGH-5440A 0.133 0.183 BGH-5653 5.904 30.454 BGH-5453A -4.262 46.398 

BGH-5630A 0.126 0.176 BGH-5453A 5.702 30.252 BGH-5472A -4.021 46.639 

BGH-4281 0.126 0.176 BGH-6155 5.128 29.678 BGH-6155 -3.976 46.684 

BGH-5473A 0.126 0.176 BGH-5466 5.042 29.592 BGH-5653 -3.408 47.252 

BGH-5361A 0.123 0.173 BGH-5556A 4.515 29.065 BGH-5648 -2.367 48.293 

BGH-5453A 0.103 0.153 BGH-6590 3.384 27.934 BGH-5466 -2.315 48.345 

BGH-4287A 0.096 0.146 BGH-5639 2.752 27.302 BGH-5639 -1.938 48.722 

BGH-5598A 0.093 0.143 BGH-5648 2.733 27.283 BGH-5624A -1.889 48.771 

AO  0.050 OA  24.55 OA  50.66 

AS  0.195 SA  30.818 SA  46.222 

 

Accessions 
Linolenic 

Accessions 
Oleic/Linoleic 

Accessions 
PUFAs 

g μ + g g μ + g g μ + g 

BGH-5455A -0.180 0.000 BGH-5456A 0.959 1.008 BGH-5456A -9.555 41.125 

BGH-4598A -0.175 0.005 BGH-5361A 0.789 0.838 BGH-3333A -7.348 43.332 

BGH-1749 -0.175 0.005 BGH-3333A 0.768 0.817 BGH-5361A -6.131 44.549 

BGH-5301 -0.174 0.006 BGH-1749 0.707 0.756 BGH-1749 -5.433 45.247 

BGH-1927 -0.173 0.007 BGH-5472A 0.684 0.733 BGH-5544A -4.821 45.859 

BGH-5240 -0.173 0.007 BGH-5544A 0.676 0.725 BGH-5556A -4.661 46.019 

BGH-4287A -0.172 0.008 BGH-5453A 0.636 0.685 BGH-5453A -4.261 46.419 

BGH-5630A -0.171 0.009 BGH-5653 0.612 0.661 BGH-5472A -3.989 46.691 

BGH-5051 -0.171 0.009 BGH-6155 0.597 0.646 BGH-6155 -3.974 46.706 

BGH-5248 -0.170 0.010 BGH-5556A 0.595 0.644 BGH-5653 -3.407 47.273 

BGH-5591A -0.170 0.010 BGH-5466 0.584 0.633 BGH-5648 -2.368 48.312 

BGH-4454A -0.169 0.011 BGH-6590 0.527 0.576 BGH-5466 -2.311 48.369 

BGH-5224 -0.169 0.011 BGH-5648 0.527 0.576 BGH-5639 -1.940 48.740 

BGH-5485A -0.169 0.011 BGH-5639 0.521 0.570 BGH-5624A -1.895 48.785 

AO  0.180 OA  0.049 OA  50.68 

AS  0.008 SA  0.705 SA  46.245 

Seed oil productivity (SOP), polyunsaturated fatty acids (PUFAs), original average 

(OA), and average of selected genotypes (AS).  
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4 DISCUSSION 

4.1 Variance components and genetic-statistical parameters of characteristics related to 

SOP and fatty acid profiles 

The greatest genotypic variances for MSF and PS, which were associated with their high 

heritability (0.89% and 0.70%, respectively), confirmed the marked genetic variability in these 

two characteristics, particularly for MSF, in the germplasm (Table 1). From these results, the 

predicted selection gains were significant and up to 29.39 g for MSF and 0.26 t ha-1 for PS 

(Table 1). Consistent with our results, remarkable variability in characteristics related to seed 

production, such as MSF and PS, in the C. moschata germplasm has been reported previously 

(Lima Neto, 2013; Darrudi et al., 2018; Oliveira et al., 2020).  

Regarding the fatty acid profile of seed oil, the highest genotypic variance and very high 

heritability for the content of oleic acid, demonstrate the high genetic variability and feasibility 

of identifying C. moschata accessions that can produce oil with higher oleic acid content. As a 

result, the predicted selection gain for oleic acid was 6.99%, which corresponded to the greatest 

selection gain among the components of seed oil (Table 1). Furthermore, the linoleic acid and 

PUFA content exhibited high genetic variability, also demonstrating the feasibility of 

identifying C. moschata accessions that can produce oil with lower linoleic acid content, 

providing predicted selection gains of -5.12% for this first fatty acid (Table 1).  

The results for the fatty acid profiles obtained in the present study are consistent with 

previously reported profiles (Sobreira, 2013; Jarret et al., 2013).  For instance, Jarret et al. 

(2013) evaluated the fatty acid profile of 38 seed samples corresponding to C. moschata 

accessions in the Plant Germplasm Collection of the United States Department of Agriculture, 

Griffin, and reported that oleic acid presented the greatest amplitude (10 to 53.80%), followed 

by linoleic acid (24.70 to 61.70%). Previous studies also corroborate high linoleic and oleic 

acid content, low palmitic acid content, and trace stearic and linolenic acid content in C. 
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moschata seed oil (Applequist et al., 2006; Kim et al., 2012; Veronezi and Jorge, 2015). To the 

best of our knowledge, however, no previous study on C. moschata has analyzed the genetic 

parameters associated with the components of the fatty acid profile of seed oil, such as genetic 

variance, heritability, and selection gain. 

Studies on other oilseeds, such as soybean, rapeseed, and sunflower, have often reported 

variations in the fatty acid profiles among germplasm samples and attributed such variations to 

genetic factors (Hemingway, et al., 2015; Yol et al., 2017). Given the quantitative nature of the 

fatty acid profile, it is reasonable to assume that this characteristic is also influenced by 

environmental factors, and some studies have shown the strong influence of environmental 

factors, such as temperature, on the fatty acid profiles of various oilseeds (Werteker et al., 

2010). Corroborating the findings of Gomes et al. (2020), most of the accessions evaluated in 

the present study were acquired from family farmers, who do not typically select accessions for 

the characteristics of seed or seed oil, which possibly contributed to the maintenance of high 

variability in these traits. 

4.2 Correlations of characteristics related to SOP and fatty acid profiles 

The phenotypic correlations of NFP, MSF, and PS with SOP ranged from moderate to 

very strong (p < 0.001), corroborating the notion that these characteristics are directly related 

to SOP (Figure 2). The genotypic correlations of these first three variables with SOP were very 

similar to the phenotypic correlations, indicating that the relationship of the variables NFP, 

MSF, and PS with SOP may be attributed to genetic factors (Figure 2). These trends were 

repeated for correlations of other variables, which tended to express genotypic correlations 

similar to the phenotypic.  

 In the present study, we expected the variables NFP, MSF, and PS to be strongly 

correlated with SOP, consistent with previous reports of strong correlation between seed yield 

and oil productivity (Assefa et al., 2018). Thus, in addition to PS and MSF, NFP appears to be 
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a determinant of greater SOP in C. moschata. These correlations of SOP with its directly 

associated characteristics can be strategic to guide indirect selection aimed at increasing C. 

moschata oil productivity. Thus, the selection of genotypes with higher PS and MSF may be a 

promising alternative to obtain greater SOP in C. moschata.  

The positive correlations of SOP with oleic acid content and oleic acid:linoleic acid ratio 

observed in the present study suggest the feasibility of obtaining greater oil productivity while 

maintaining a desirable oil profile, with high oleic acid content and oleic acid:linoleic acid ratio 

(Figure 2). Additionally, the negative correlations of SOP with linoleic acid and PUFA content 

indicate the feasibility of obtaining greater SOP while maintaining lower PUFA such as the 

linoleic acid. To the best of our knowledge, no study on C. moschata has addressed the 

relationship between SOP and components of seed oil fatty acid profile. Meanwhile, studies on 

other oilseeds, such as peanut, have reported weak phenotypic correlations between SOP and 

oleic acid content (-0.034) (Yol et al., 2017), suggesting a small change in the acid content with 

increase in oil productivity in this crop. In contrast to the present study, Yol et al. (2017) 

reported a weak but positive correlation between SOP and oleic acid content. 

 Regarding the correlations among the components of oil fatty acid profile, the strong, 

negative but significant correlations of oleic acid content with linoleic acid and PUFA content 

indicate an antagonistic relationship between these components of C. moschata seed oil (Figure 

2). The phenotypic correlations among these characteristics may be attributed to environmental 

and genetic factors. For instance, environmental factors, such as temperature, may strongly 

influence the correlations among fatty acids such as oleic and linoleic acid. In line with this, 

studies on other oilseeds, such as soybean, have shown that the oleic acid content of oil tends 

to decrease with increasing temperature, contrary to that observed for linoleic acid content 

(Bachlava et al., 2008), corroborating the negative correlations among these two fatty acids 

observed in the present study.  
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The metabolic pathways of fatty acids may be the key genetic factor responsible for the 

correlations among the components of oil fatty acid profile. In this context, desaturases in the 

plastids and endoplasmic reticulum play a central role in fatty acid synthesis and catalyze their 

conversion to MUFAs or PUFAs (Long et al., 2018). Among these enzymes, delta-12 fatty acid 

desaturase 2 (Δ12-FAD2) converts oleic acid precursors into linoleic acid precursors (Ohlrogge 

and Browse, 1995), and according to Dehghan and Yarizade (2014), the FAD2 gene family is 

rather ubiquitous and diverse in plants. Thus, the strong negative correlation between oleic and 

linoleic acid content observed in the present study may also be related to the action of FAD2 

during the biosynthesis of these two fatty acids. 

The analysis of correlations among characteristics is an important subsidy for plant 

breeding, which must contemplate several variables simultaneously (Dias et al., 2017), proving 

very useful when determining selection strategies. As shown in the present study, the plant 

germplasms maintained in banks commonly constitute a representative sample of the species 

gene pool, thus providing comprehensive information on the relationships among germplasm 

characteristics, which makes the correlation analysis very useful during the initial evaluation of 

plant germplasms conserved in banks. The information on correlations among the components 

of seed oil observed in the present study may be particularly meaningful in breeding programs 

aimed at improving the fatty acid profile of C. moschata seed oil, considering the feasibility of 

increasing oleic acid content while decreasing PUFA content, given the strong negative 

correlation between these two components. 

4.3 Clustering and variability of accessions based on characteristics related to SOP and 

fatty acid profiles 

The clustering of accessions confirmed the variability in characteristics related to SOP 

and fatty acid profiles among the studied accessions (Table 2). This clustering is consistent with 

the high estimates of genotypic variance and heritability for the evaluated characteristics related 
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to SOP, including MSF and PS, as well as those related to the fatty acid profile of seed oil, 

including oleic and linoleic acid content (Table 1). The variability observed among the 

accessions tested in the present study also corroborates previous reports emphasizing 

remarkable variability in both agromorphological and molecular characteristics in the C. 

moschata germplasm (Ferriol et al., 2004; Barboza et al., 2012; Ferreira et al., 2016).  

The clustering of accessions in the present study did not reflect a greater similarity 

between accessions from the same state or geographic region, consistent with the reports of 

agromorphological characteristics of the C. moschata germplasm from different geographic 

regions (Moura, 2003; Gomes et al., 2020). Unlike the present study, previous studies involving 

the analysis of fatty acid profile of the seeds of other oilseed crops, such as soybean, have 

reported that germplasms from regions at higher latitudes tended to express higher palmitic, 

stearic, and oleic acid content than germplasms from lower latitudes (Wu et al., 2017; 

Abdelghany et al., 2020), suggesting a greater similarity between the germplasms from the 

same region. In this line, Bachlava et al. (2008) observed that the oleic acid content of soybean 

tended to increase from lower to higher latitudes, indicating increase in the content of this fatty 

acid with decrease in temperature, contrary to the trends for linoleic and linolenic acid. 

Similarly, Song et al. (2016) observed that the oleic acid content of soybean seeds was 

negatively correlated with the duration of sunlight incidence. Thus, the greater similarity 

between the soybean germplasms from the same region may reflect regional ecogeographic 

characteristics, different from the results of the present study. 

Already present in the diet of native peoples (Piperno et al., 2003; Dillehay et al., 2007), 

C. moschata is widely cultivated in Latin America, which is an important center of diversity 

for this vegetable. In addition, previous studies have highlighted the variability in the Brazilian 

germplasm of C. moschata (De Lima et al., 2016; Ferreira et al., 2016; Gomes et al., 2020), 

possibly as a result of the adaptation of this germplasm to a wide ecological range, constituted 
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by diverse edaphoclimatic conditions. Additionally, the intrinsic characteristics of C. moschata, 

such as the occurrence of natural hybridization across populations, associated with the 

processes of selection and seed exchange practiced by populations involved in its cultivation, 

also contribute to the variability in the Brazilian germplasm of this vegetable (Gomes et al., 

2020). 

 The similarity between accessions of different geographic regions observed in the 

present study suggests the adaptability of the germplasm, indicating the feasibility of its 

cultivation under edaphoclimatic conditions different from those in its regions of origin. 

Compared with other crops, such as soybean (Abdelghany et al., 2020), the possible 

adaptability of C. moschata germplasm observed in the present study represents an opportunity 

to meet the diverse demands of various cultivation regions and systems of this vegetable, 

specifically in Brazil, which is characterized by its continental dimension. 

Additionally, crossbreeding between divergent genotypes has been conveniently 

explored in C. moschata, aiming at the exploitation of hybrid vigor for aspects related to growth 

habit, fruit and seed production, as well as for fruit chemical–nutritional aspects (El-Tahawey 

et al., 2015; Kumar et al., 2018). Based on genotypic data and environmental interaction-free 

genotypic values, our results of variability analysis will be particularly useful to assist the 

crossing of promising genotypes aimed at the exploration of hybrid vigor for characteristics 

related to SOP and fatty acid profiles. 

4.4 Principal components analysis  

In consonance with their respective variance components and genetic parameters (Table 

1), the oleic acid, linoleic acid, and PUFA content made the greatest contributions to the 

discrimination of the genotypes in PCA, confirming the high variability of these characteristics 

(Figure 3). The results of PCA regarding the variability of accessions were consistent with the 
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results of clustering analysis (Table 2), also corroborating the strong positive correlations of PS 

with SOP, as well as the positive correlation of SOP with the oleic acid content (Figure 2).  

4.5 Identification of promising accessions in terms of SOP and fatty acid profiles 

Based on their highest genotypic averages for SOP, the groups 5 and 2 were identified 

as the most promising for this characteristic (Table 3). Consistent with this result, per se 

analysis identified accession BGH-4610 from group 5 as the most promising in terms of SOP, 

with the (μ+g) estimate of 0.27 t ha-1 (Table 4). In addition, accessions BGH-5485A, BGH-

6590, BGH-5556A, BGH-5472A, and BGH-5544A from group 2 were also identified as 

promising in terms of SOP in per se analysis, with the (μ+g) estimate of ~0.20 t ha-1 (Table 4). 

The groups 3 and 2 were identified as the most promising in terms of SOP with higher 

oleic acid content (Table 4). Associated with this, the accession BGH-5456A from group 3 was 

identified as most promising in terms of high oleic acid content in per se analysis, with the 

(μ+g) estimate of 37.20% (Table 4). The accessions BGH-3333A, BGH-5361A, BGH-5472A, 

BGH-5544A, and BGH-5453A from group 2 and the accession BGH-1749 from group 3 were 

also identified as promising in terms of high oleic acid content, with the (μ+g) estimate of 

~30.00% (Table 4). The identification of promising groups and per se identification of 

accessions with high oleic acid content in the seed oil are associated with the high amplitude of 

(μ+g) estimates for this characteristic (Figure 4). 

 The groups 3 and 2 also presented the lowest averages for linoleic acid and PUFA 

content, confirming them as the most promising in terms SOP with lower PUFA content (Table 

4). Consistent with this result, the accession BGH-5456A, BGH-3333A, BGH-5361A, BGH-

5544A, BGH-5556A, and BGH-1749 were identified as promising in terms of low linoleic acid 

content, with the (μ+g) estimate of ~45% (Table 4). In per se analysis, the accessions identified 

as the most promising in terms of low linoleic acid also were the most promising in terms of 

low PUFA content, demonstrating the predominance of linoleic acid among PUFAs.  
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Recently, the development of cultivars with an oil profile that is better suited to human 

nutrition and health has been emphasized in the genetic breeding of oilseed crops. This is in 

agreement with a series of studies demonstrating the association between the consumption of 

lipid sources predominantly comprising saturated fatty acids and the high risk of 

cardiometabolic pathologies, particularly cardiovascular diseases and type II diabetes mellitus 

(Harris et al., 2009; Keys et al., 2017; Wu et al., 2019). This has encouraged the replacement 

of saturated lipids in human food by unsaturated fatty acids, with a particular focus on vegetable 

oils—the main source of unsaturated fatty acids in the human diet. 

 Associated with high levels of unsaturated fatty acids, vegetable oils should ideally have 

high stability against environmental stressors, such as humidity, light, heat, and oxygen. These 

oils must also be resistant to oxidative actions, which are related to the production of secondary 

components responsible for triggering allergic responses and cardiovascular diseases, such as 

atherosclerosis (Yanishlieva et al., 2001; Garbin et al., 2013), also responsible deteriorating the 

sensory quality (Choe and Min, 2006) and reduce the shelf life of oils (Xie et al., 2019). Given 

these demands, breeding programs for oilseed crops such as soybean, rapeseed, and corn have 

emphasized the development of cultivars that produce more stable oils, prioritizing the increase 

in the content of oleic acid, a MUFA, which has greater oxidative stability (Burton et al., 2006; 

Bachlava et al., 2008; Wang et al., 2009; Long et al., 2018). In this line, some studies have 

confirmed the higher oxidative stability of oleic acid [C18: 1 (Δ9)] compared to PUFAs such as 

linoleic acid [C18: 2 (Δ9, 12] and linolenic acid [C18: 3 (Δ9, 12, 15], indicating that oleic acid is 10 

times more stable than linoleic acid and 20 times more stable than linolenic acid (Liu et al., 

1992). Thus, genetic breeding for improving the fatty acid profile of C. moschata seed oil 

should simultaneously target an increase in oleic acid content and decrease in polyunsaturated 

fatty acids, particularly linoleic acid content, aiming at greater nutritional and physicochemical 

quality of oil.  
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The identification of C. moschata accessions with high oleic acid content in the seed oil 

indicates the feasibility of identifying accessions that produce seed oil with higher nutritional 

quality and stability. Of note, C. moschata seed oil contains high levels of bioactive 

components, such as vitamin E and carotenoids (Veronezi and Jorge, 2012), which are 

important antioxidants in the human diet and protect the oil against oxidative processes. Despite 

of their high nutritional value, a large portion of seeds produced during C. moschata cultivation 

is still discarded (Li et al., 2019), particularly in Brazil. As highlighted by Gomes et al. (2020), 

the use of C. moschata seeds for oil production represents an alternative strategy to complement 

the diet, in addition to increasing the income of farmers involved in the production of this 

vegetable. 

To the best of our knowledge, the present study is the first to analyze the SOP and fatty 

acid profile of C. moschata based on a relatively large number of accessions representative of 

different geographic regions of Brazil. Our results demonstrate the marked potential of some 

C. moschata accessions for oil production, as confirmed by the per se identification of 

accessions with high SOP and high oleic acid content in the oil. Our results corroborate the 

productive potential as well as the nutritional and physicochemical quality of seed oil from the 

Brazilian germplasm of C. moschata. 

5 CONCLUSIOSNS  

The tested accessions expressed high genetic variability in terms of MSF and PS, 

providing the predicted selection gains of 29.39 g and 0.26 ha-1, respectively. 

Phenotypic and genotypic correlations indicated that a greater C. moschata SOP can be 

achieved by selecting for higher PS and MSF. Correlations also indicated that a greater SOP 

can be obtained while maintaining high oleic fatty acid content and low linoleic acid content, 

providing oil with better nutritional and chemical quality. 
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In the analysis of variability, the 91 accessions tested in this study were clustered into 

five groups, allowing the identification of the most promising groups in terms of greater SOP 

and higher oleic acid content in the oil, an approach that will guide the use of this germplasm 

in breeding programs aimed at improving the SOP and fatty acid profile. 

Per se analysis identified the accessions BGH-4610, BGH-5485A, BGH-6590, BGH-

5556A, BGH-5472A, and BGH-5544A as the most promising in terms of SOP, with the (μ+g) 

estimate of ~0.20 t ha-1. Accessions BGH-5456A, BGH-3333A, BGH-5361A, BGH-5472A, 

BGH-5544A, BGH-5453A, and BGH-1749 were identified as the most promising in terms of 

higher oleic content in oil were, with the (μ+g) estimate of ~30%, and most of these accessions 

were also the most promising in terms of lower linoleic acid content in oil, with the (μ+g) 

estimate ~40%. Therefore, part of the C. moschata germplasm evaluated in the present study is 

a promising source for the genetic improvement of SOP and fatty acid profile, aiming at the 

production of oil with better nutritional and physicochemical quality. 
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7 CONSIDERAÇÕES FINAIS 

A avaliação agromorfológica realizada no presente trabalho identificou acessos com 

florescimento precoce, promissores para a produtividade de frutos e acessos com elevado teor 

total de carotenoides na polpa de frutos.  

A avaliação dos aspectos relacionados às sementes e ao óleo identificou acessos com 

elevada produtividade de óleo de sementes e elevado teor de ácido oleico.  

Foram obtidas as correlações entre as características agromorfológicas e entre os 

aspectos relacionados às sementes e ao óleo, assim como a estimativa da variabilidade genética 

dos acessos, informações que poderá auxiliar nas estratégias de melhoramento da C. moschata. 

Parte dos acessos avaliada nesse trabalho é promissora para uso visando o 

melhoramento genético da C. moschata para aspectos agromorfológicos, produtividade do óleo 

de sementes o perfil do óleo.  
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Supplementary table 1.  Multi-categorical descriptors used in the assessment of the C. 

moschata germplasm maintained by BGH-UFV 

Phase/organ Descriptors 

Vegetative 

Growth habit, stem colour (SC), intensity of leaf green (ILG), leaf silvering (LS), 
intensity of leaf silvering (ILS), leaf serration (LS), presence of trichomes in the leaves 
(PAL), amount of trichomes in the adaxial surface of leaves (ATT), amount of trichomes 
in the abaxial surface of leaves (ATL), leaf recess (LR), presence of trichomes in the 
petiole (PTP), amount of trichomes in the petiole (ATP), and green intensity of male 
pedicel (GIMP).  

Fruit 
Format of fruits (FF), format of peduncle (FP), number of colours of fruit peel (NPC), 
topography of fruit surface (FT), format of floral scar (FFS), peel texture (PT), 
predominant colour of fruit peel (PC), and depth of fruits slices (DFS).  

Seed 
Seed format (SF), aspect of seed tegument (AST), seed tegument texture (STT), colour 
of seed tegument (CST), and colour of seed border (CSB). 
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Supplementary table 2. Result of principal component analysis showing the fifteen principal 
components and the relative contribution of traits in each component 
 
Traits PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10 PC 11 PC 12 PC 13 PC 14 PC 15 

S21 1.10 0.10 0.03 0.08 0.17 0.03 1.52 0.25 0.02 7.48 1.03 2.04 2.19 0.01 0.59 

S28 0.07 0.24 0.01 1.30 0.12 0.01 3.22 1.36 0.19 2.83 0.20 0.88 1.69 3.02 6.53 

LMV14 0.00 0.01 0.35 2.26 0.21 3.99 4.82 0.00 0.06 2.12 4.21 0.00 1.84 0.04 0.56 

LMV21 0.66 0.02 0.09 2.98 0.15 3.21 2.11 0.82 0.18 1.22 4.83 0.28 1.89 1.10 0.48 

DDF 0.21 1.30 0.94 0.30 0.13 0.47 4.29 0.01 0.00 0.06 2.40 0.01 1.15 0.14 5.39 

NFP 1.66 2.88 2.44 0.90 3.02 0.43 1.33 3.77 0.18 0.08 0.85 0.00 3.20 0.05 0.41 

MF 11.76 0.32 0.17 0.39 0.03 0.01 0.20 0.06 0.04 0.91 0.00 0.09 0.03 0.28 0.54 

PF 4.38 0.25 2.70 0.07 0.85 0.81 1.42 5.81 0.00 0.90 0.82 0.03 1.97 0.23 0.25 

HF 6.10 1.46 1.64 1.08 2.96 0.11 0.18 1.26 1.32 1.32 1.20 0.13 0.00 0.07 0.03 

DF 8.84 0.14 0.48 0.09 0.45 0.00 0.20 0.05 0.32 0.82 1.73 0.40 0.35 0.21 0.50 

TFP 3.27 0.04 0.25 0.21 0.00 0.82 0.05 0.74 0.25 1.07 0.00 7.42 1.00 2.11 0.01 

RFP 0.26 0.07 3.39 3.21 0.78 0.08 0.00 0.13 0.83 0.50 1.19 0.22 0.05 0.04 0.07 

RP 0.18 1.00 8.51 1.07 1.49 0.01 0.13 0.56 1.76 0.05 0.26 0.20 0.00 0.03 0.70 

PT 1.93 1.58 0.34 2.20 1.12 0.05 0.50 0.68 0.70 3.37 3.67 0.39 0.59 0.04 0.07 

DIC 8.81 0.27 0.37 0.00 1.21 0.01 0.25 2.06 1.11 0.00 0.02 0.29 0.08 0.45 0.06 

TC 0.86 0.93 0.11 0.19 0.17 0.02 0.13 4.45 0.00 0.60 3.50 0.33 0.51 0.40 0.38 

L 0.36 0.26 0.53 0.01 0.62 0.00 0.13 0.91 1.15 0.32 0.55 0.03 0.79 4.83 7.31 

NSF 2.41 4.48 3.53 0.47 0.00 0.09 0.01 0.17 0.04 0.33 0.00 0.11 3.55 3.61 0.00 

MSF 4.99 4.40 1.49 0.05 0.33 0.63 0.62 1.19 0.47 0.60 0.13 0.05 2.60 0.15 0.18 

MS/F 2.22 5.25 3.21 0.14 0.50 0.33 0.03 0.67 0.15 0.36 0.47 0.36 0.11 0.00 1.20 

MOHS 4.65 0.01 0.25 0.00 1.13 0.30 2.79 0.20 3.50 0.87 1.31 0.49 0.16 4.01 0.28 

PS 0.00 6.15 5.79 1.44 4.07 0.00 0.27 0.37 0.57 0.09 0.76 0.07 0.24 0.00 0.12 

SL 2.08 0.69 3.80 0.55 0.88 0.01 0.03 3.24 3.82 2.00 0.72 0.91 0.34 0.38 0.01 

SW 5.20 0.07 0.97 0.02 0.24 0.37 1.01 0.09 3.96 2.95 0.41 0.41 0.79 0.15 0.17 

ST 1.98 1.00 0.01 0.07 1.39 0.06 0.84 1.48 0.49 0.01 0.71 0.47 0.02 7.03 0.26 

SOC 0.10 0.13 5.93 0.26 1.38 0.29 1.71 0.39 0.07 1.65 0.01 1.70 0.00 0.01 1.14 

SOP 0.00 6.13 5.57 1.30 3.90 0.06 0.20 0.25 0.52 0.18 1.31 0.08 0.29 0.00 0.28 

GH 1.46 1.85 0.04 0.20 0.00 1.85 1.33 0.06 0.61 0.50 3.96 0.57 0.08 0.47 0.10 

SC 0.01 0.52 2.23 0.55 3.98 4.94 2.20 1.40 0.02 3.27 5.17 3.01 16.29 1.03 0.22 

ILG 0.36 1.19 0.37 4.40 1.03 6.84 1.24 2.38 5.28 2.47 4.82 1.76 1.11 2.68 2.83 

LSQ1 0.10 0.07 2.03 0.07 0.07 1.81 0.06 2.11 0.97 0.00 4.52 0.00 0.53 0.00 4.59 

ILS 0.50 0.89 1.00 0.04 7.02 1.20 0.13 0.17 0.82 0.32 3.65 0.54 0.43 0.06 0.10 

LSQ2 1.21 0.91 0.60 0.14 1.12 5.57 1.68 0.25 2.49 0.61 0.31 0.40 1.80 11.88 0.60 

PTL 0.06 0.32 0.77 0.21 0.07 1.30 3.01 0.99 0.02 5.98 2.43 0.01 0.74 0.55 3.52 

ATT 0.38 10.91 2.47 17.20 5.62 0.81 0.93 0.66 0.18 0.40 0.17 0.52 0.16 1.62 0.06 

ATL 0.02 7.27 2.78 13.03 0.85 1.99 0.12 0.62 0.87 0.21 1.34 1.06 0.38 1.04 2.86 

LR 0.91 10.30 6.96 9.00 8.98 1.10 6.11 3.71 2.71 3.01 2.33 2.82 1.54 3.17 2.11 

PTP 0.61 0.21 1.09 0.08 0.00 0.02 1.04 1.99 2.10 6.15 0.01 7.99 0.18 0.52 0.08 

ATP 0.15 9.45 2.37 17.16 5.11 0.67 1.81 1.40 0.39 0.28 0.27 0.46 0.24 1.73 0.16 

GIMP 0.63 2.31 0.27 0.61 0.22 0.94 0.29 4.61 7.92 1.02 4.27 6.92 0.17 0.91 1.42 

FF 2.01 2.42 8.11 4.47 8.54 4.60 4.99 2.95 7.15 8.89 10.03 9.58 2.58 7.61 4.31 

FP 0.28 0.68 0.93 1.13 0.53 4.96 0.80 3.40 5.13 8.92 3.05 3.21 0.69 2.09 2.75 
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NPC 0.91 0.06 0.01 1.03 0.20 13.76 0.03 2.85 0.91 0.48 0.57 0.16 0.02 0.17 2.45 

FT 2.19 0.74 1.57 1.46 2.66 4.22 10.07 1.27 9.31 0.00 0.24 2.22 1.39 0.98 5.83 

FFS 2.46 2.70 0.35 1.10 7.61 4.41 1.48 3.76 9.12 5.45 3.87 9.62 9.75 6.96 4.33 

PTQ 1.00 0.73 5.40 0.44 3.60 4.62 3.56 1.32 4.31 4.46 6.01 1.89 18.54 4.00 7.47 

PC 1.28 1.55 1.51 2.57 5.81 14.23 6.85 5.05 3.45 6.42 2.55 12.53 2.77 7.45 12.29 

DFS 2.83 0.50 2.64 1.52 3.03 2.44 8.56 1.12 4.66 3.76 1.17 7.52 2.35 12.99 5.07 

SF 0.56 1.61 0.36 0.06 1.65 1.12 0.06 6.51 1.50 2.72 4.19 3.50 0.45 1.28 0.79 

STT 1.34 2.56 1.58 0.21 2.00 1.08 7.18 3.99 2.21 0.10 0.35 5.49 8.64 1.19 0.54 

CST 2.37 0.74 0.65 0.98 0.93 2.46 3.97 7.25 2.42 1.77 0.31 0.68 3.56 0.30 2.96 

CSB 2.27 0.34 1.03 1.67 2.05 0.89 4.49 9.20 3.77 0.13 2.13 0.16 0.21 0.95 5.01 

Eigen value 6.62 5.34 5.13 4.18 3.49 3.25 2.95 2.91 2.55 2.52 2.40 2.31 2.23 2.12 2.03 

% variance 7.35 5.93 5.69 4.64 3.88 3.61 3.28 3.24 2.83 2.79 2.67 2.57 2.48 2.35 2.26 

Cumulative 7.35 13.28 18.97 23.62 27.50 31.10 34.38 37.62 40.45 43.24 45.91 48.48 50.95 53.30 55.56 
PC refers to the principal components. Leaf SPAD index at 21 days after transplanting (S21) and at 28 days (S28); length of main vine at 14 days after 

transplanting (LMV14) and at 21 (LMV21); accumulated degree-days for flowering (DDF); number of fruits per plant (NFP);  average mass of fruits (MF); 

productivity of fruits (PF); height of fruit (HF); diameter of fruit (DF); thickness of fruit peel (TFP); resistance of fruit peel to penetration (RFP); resistance 

of fruit pulp to penetration (RP); thickness of fruit pulp (PT); diameter of internal cavity of fruit (DIC); total content of fruit pulp carotenoids (TC), and 

lutein (L); number of seeds per plant (NSF); mass of seeds per fruit (MSF); ratio of seed to fruit mass (MS/F); mass of one hundred seeds (MOH); 

productivity of seeds (PS); seed thickness (ST); seed length (SL); seed width (SW); seed oil content (SOC); seed oil productivity (SOP). Growth habit (GH); 

stem colour (SC); intensity of leaf green (ILG), leaf silvering (LS), intensity of leaf silvering (ILS); leaf serration (LS); presence of trichomes in the leaves 

(PAL); amount of trichomes in the adaxial surface of leaves (ATT); amount of trichomes in the abaxial surface of leaves (ATL); leaf recess (LR); presence 

of trichomes in the petiole (PTP); amount of trichomes in the petiole (ATP); green intensity of male pedicel (GIMP); format of fruits (FF); format of peduncle 

(FP); number of colours of fruit peel (NPC); topography of fruit surface (FT);  format of floral scar (FFS); peel texture (PT); predominant colour of fruit 

peel (PC); depth of fruits slices (DFS); seed format (SF); aspect of seed tegument (AST); seed tegument texture (STT); colour of seed tegument (CST); 

colour of seed border (CSB). 

 

 

 

 

 

 

 

 

 

 

 


