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Abstract

Traits related to fruit yield and physical and chemical fruit quality are being evaluated by Embrapa pumpkin breeding program. Path
and Pearson's correlation analysis are necessary to allow the knowledge of the relation between the variables of interest for this
program. The objective of the present study was to determine the genetic correlations between yield- and sensorial and nutritional
quality attributes-associated variables in pumpkin progenies to support the selection process. Twelve genotypes were evaluated for
10 yield-related traits, and 8 sensory and nutritional quality traits of fruit, including the commercial cultivar Jacarezinho. A path
analysis considered the fruit weight (FrW) was as basic variable and the others as explanatory. The FrW had 98% of its total
variation available in a function of the explanatory variables. The highest variations were observed in the fruit-shape related traits.
In addition, the variables internal median cavity diameter (IDmed), equatorial pulp thickness (EPT), apical pulp thickness (APT), and
smallest fruit diameter (Dsm) are indicated for a direct selection of progenies targeting a higher FrW. The correlation analysis
highlighted that color-related variables have the possibility of indirect selection aiming to increase total carotenoid content (TCC)
and B-carotene content (B-car). The evaluated progenies showed notable soluble solids content (SSC), TCC and B-car contents
compared to the commercial cultivar. Furthermore, the contribution of B-car to TCC is at least 50% higher in these progenies than
in 'Jacarezinho' pumpkin.
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Abbreviations: VAD_Vitamin A deficiency; FrW_fruit weight; FrL_fruit length; Dla_largest fruit diameter; Dsm_smallest fruit
diameter; IDIg_longitudinal internal cavity diameter; IDmed_internal median cavity diameter; AST_apex skin thickness;
EST_equatorial skin thickness; APT_apical pulp thickness; EPT_equatorial pulp thickness; L_luminosity, C_chroma; H_hue angle;
SSC_soluble solids content; TA_titratable acidity; TCC_total carotenoid content; B-car_p-carotene content; HPLC_high performance
liquid chromatography; Rat_p-carotene and total carotenoid content ratio; ANOVA_analysis of variance; CV_coefficient of
variation; DC_determination coefficient; E_effect of the residual variable.

Introduction

Yield is a complex character that is greatly influenced by (Abbot, 1999) are considered in the selection process for
several associated traits, which are controlled by many achieving the excellence degree of the product. These
genes and whose expression is strongly influenced by the information are important to meet the criteria of quality and
environment (Mustafa et al.,, 2018). In plant breeding, consumer requirements.

sufficient genetic variation is a condition for the selection of Pumpkin (Cucurbita moschata Duch.) is one of the plants
agronomically desirable genotypes, especially of traits highly that meets healthy nutrition requirements (Hong et al.,
correlated with each other and with yield (Khan et al., 2017). 2015) and has a sweet and mild taste appreciated by
Thus, in the selection process, it is important to knowledge consumers (Zhou et al.,, 2014). It is one of the most
about the relationships between characteristics of interest, consumed cucurbitaceae and is recognized as a source of
which can be done by determining the correlations between total carotenoids, mainly of B-carotene (Mezzomo and
phenotypic characters (Santos et al., 2018). Sultana et al. Ferreira, 2016; Saini et al., 2015). These pigments with
(2015) affirm that the path analysis for supporting the highest provitamin A activity, of which B-carotene is the
development of varieties allows determining the direct and most abundant, are found naturally in vegetables and are
indirect effects of physical characteristics of fruits with the converted to vitamin A in the body.

yield. In Brazil, mainly Northeast, vitamin A deficiency (VAD) is a
Similarly, correlations between fruit quality traits based on serious public health problem of reproductive-age women
sensory properties such as appearance, texture, flavor, and and under five-year-old children (29.4% and 12.3%,
aroma, as well as nutritional value and functional properties respectively) (Miglioli et al., 2015). Clinical observations
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early in the 20™ century indicated the importance of vitamin
A for innumerable bodily functions in humans. Besides,
various ocular manifestations as night blindness and
xerophthalmia (Janani et al., 2018) were associated with
vitamin A deficiency and protein-energy malnutrition,
usually associated with poor carotenoids, mainly B-carotene.
The evaluation and development of productive pumpkin
genotypes with high commercial quality and high B-carotene
levels is understood as an effective strategy to prevent VAD.
In Brazil, the Embrapa pumpkin breeding program is based
on the variability in germplasm collected from the Northeast
Brazilian region (Borges et al., 2019). Therefore, using this
germplasm promote good chances of gains in the selection
for genotypes with high commercial value and total
carotenoid content and particularly high B-carotene levels.
The breeding program developed progenies with
commercial and nutritional traits of interest, which should
be evaluated for the next selection phases.

The objective of the present study was to determine the
genetic correlations between yield- and sensorial and
nutritional quality attributes-associated variables in pumpkin
progenies to support the selection process.

Results
Analysis of variance (ANOVA) and Scott Knott’s test

The ANOVA indicated significant differences among the
evaluated progenies (P < 0.01). The coefficient of variation
(CV) ranged from 1.67 for variable (C) of pulp to 45.56 for
Dsm (Table 2S).

In the grouping of means through the Scott Knott’s test (P <
0.05), the greatest variations for the mean values among
genotypes were observed in the variables associated with
fruit shape (Table 1). The FrW values varied from 2.52 kg in
control (cultivar Jacarezinho) to 4.17 kg in progeny C.
moschata 7.

The highest mean fruit length (FrL) was found for progeny C.
moschata 3, distinguishing to the others (Table 1). In
addition, the progenies C. moschata 1, C. moschata 4 and C.
moschata 8 formed a group with FrL values of 29 cm,
approximately. When comparing the means of FrL with
those of largest fruit diameter (Dla), an inverse relationship
between the two variables was observed, i.e., high FrL was
related with low Dla (Table 1).

For Dsm, the genotypes C. moschata 7 and ‘Jacarezinho’
formed a group with value zero for this variable, showing
the direct relation between the smallest fruit diameter and
elongated shape (Table 1). With regard to the longitudinal
internal cavity diameter (IDIg) variable, it is possible to
highlight the progenies C. moschata 1, C. moschata 3 and C.
moschata 8 (Table 1). These progenies also formed a group
with the lowest values for the IDmed (Table 1).

The apex skin thickness (AST) ranged from 2.63 mm in
‘Jacarezinho’ to 7.07 mm in the progeny C. moschata 5
(Table 1). The lowest value for equatorial skin thickness
(EST) is 2.70 mm. It was recorded for cultivar Jacarezinho
(Table 1). A group with similar EST was formed with the
progenies C. moschata 2, C. moschata 3, C. moschata 5, and
C. moschata 11.

The highest values for APT were observed for the progenies

1677

C. moschata 1, C. moschata 3, C. moschata 4, and C.
moschata 8, which were characterized as genotypes with
high FrL values (Table 1). For EPT variable, the highest mean
values were found in C. moschata 7 and C. moschata 11
(Table 1).

Regarding the variables associated with pulp color, the
highest value of luminosity (L) was found for ‘Jacarezinho’,
while there were no significant differences among the
evaluated progenies (Table 1). Opposite response was
observed for variable C, which all progenies were
characterized by high intensity or purity of color compared
to control (Table 1). In this study, differences of 15 - 20% in
the hue angle (H) color attribute corresponded to TCC up to
four times higher in the progenies than in the control (Table
1). This result shows that the estimates of TCC generated
with the hue angle are only valid for contrasting genotypes.
Analysis of variables related to flavor indicated that SSC
above 12 9Brix were observed, except for progeny C.
moschata 10 and control (Table 1). However, greater
differences among progenies were observed to titratable
acidity (TA), forming two groups (Table 1). In the first one,
50% of the genotypes presented values ranging from 0.20 to
0.25%, including control. The values of the others genotypes
ranged from 0.27 to 0.29%.

The close association between TCC and [-car variables
resulted in formation of groups containing the same
genotypes (Table 1). The values of TCC and B-car that
observed for C. moschata 6 were approximately 2.5 and 3.4
times, respectively, higher than the contents of the
commercial cultivar. For the other progenies, TCC and B-car
values reached 437 and 340 ug.g'l, respectively. In addition,
the B-car content in 'Jacarezinho' reached only 53% of TCC,
named B-car and TCC ratio, while it reached 75-80% in the
progenies generated by Embrapa pumpkin breeding
program.

Path analysis for the variables associated with yield

All variables were subjected to correlation analysis, and the
correlations between vyield variables subjected to path
analysis (Table 2). The coefficient of determination for path
analysis was 0.98 and the coefficient of the residual variable
(E) 0.12. The determination of coefficient (DC) indicated that
the variables explained 98% of the variation that occurred in
the basic FrW variable (Table 2).

Complementarily, a path diagram was prepared to show the
correlations between the explanatory variables using
bidirectional arrows, as well as the direct effects of variables
on basic variable, indicated by bold values and arrows in a
unidirectional way and E (Figure 1). For the positive or
negative correlations of greater interest in the explanatory
variables (0.80 < r £ 0.99), highly significant coefficients were
observed between FrL and APT (0.97); Dla and IDmed (0.96);
FrL and IDIg (0.93); FrL and Dsm (0.84); AST and EST (0.84);
IDIg and APT (0.81), and APT and EPT (-0.86).

Pearson’s correlation for the sensorial and nutritional
quality attributes

The correlations between the variables associated with fruit
pulp quality are shown in Table3. For the positive or



Table 1. Mean of 18 fruit traits associated in pumpkin progenies and cultivar Jacarezinho.

Treatments Frw FrL Dla Dsm IDIg IDmed AST EST APT

C. moschata 1 2.63¢c 28.98 b 14.87 e 9.04 a 15.78 a 10.39d 5.58 b 5.16 b 63.68 a
C. moschata 2 391a 19.59¢c 21.49b 3.95b 12.57 b 14.78 a 5.87b 5.76 a 31.02b
C. moschata 3 3.36b 32.21a 16.47d 10.32a 16.03 a 11.67d 6.02b 5.43 a 69.09 a
C. moschata 4 2.67c 29.27b 16.53 d 8.53a 12.87b 12.67 ¢ 6.60 a 4.44c 75.47 a
C. moschata 5 231c 19.01c 18.03 d 8.11a 10.40 ¢ 13.48b 7.07 a 6.15a 38.72b
C. moschata 6 2.89¢ 19.40c 17.27d 7.4a 12.40 b 11.53d 5.89b 492 b 32.2b
C. moschata 7 4.17a 17.23 ¢ 23.17 a 0.0b 10.43 ¢ 15.97 a 4.06 c 4.29c 28.71b
C. moschata 8 2.86¢ 29.62b 15.17 e 9.51a 15.01a 11.24d 6.56 a 5.11b 67.62a
C. moschata 9 3.08 ¢ 16.36 ¢ 19.80c 2.8b 1044 c 13.37b 4.60c 4.03c 25.89b
C. moschata 10 2.72¢c 13.68d 2091b 2.25b 7.29d 14.87 a 5.74b 4.71b 24.71b
C. moschata 11 401a 17.63 ¢ 21.77b 9.14a 9.98 ¢ 15.08 a 579b 549 a 31.20b
Jacarezinho 2.52¢ 12.04d 19.11c 0.0b 6.74d 12.89c 2.63d 2.70d 23.35b
Treatments EPT L C H SSC TA TCC B-car Rat

C. moschata 1 17.44d 63.13b 70.44 a 58.49 b 13.85a 0.29a 384.55a 297.85a 77.02a
C. moschata 2 26.05b 62.44 b 70.41a 57.92b 12.23a 0.22b 380.56 a 287.21a 75.64 a
C. moschata 3 21.36¢ 60.81b 69.23 a 58.61b 13.90a 0.28a 350.88 a 280.56 a 75.00 a
C. moschata 4 15.72d 61.62 b 67.14b 57.11b 14.11a 0.24b 428.90a 341.73 a 79.35a
C. moschata 5 16.61d 63.43 b 69.83 a 59.34b 14.18 a 0.27a 382.49a 304.75 a 79.45a
C. moschata 6 26.88 b 63.50 b 68.64 a 59.69 b 12.60 a 0.24b 260.08b  200.23b 76.11a
C. moschata 7 32.51a 61.48 b 69.55a 56.46 b 13.18 a 0.25b 414.50 a 325.04a 78.68 a
C. moschata 8 17.02d 62.67 b 68.65 a 58.80 b 13.69 a 0.28a 399.74 a 312.35a 77.53a
C. moschata 9 28.38b 63.50 b 69.81a 58.21b 12.83a 0.28 a 435.53 a 341.07 a 77.99 a
C. moschata 10 27.94b 62.26 b 69.31a 57.90 b 11.58b 0.24b 437.49 a 339.75a 77.22a
C. moschata 11 31.22a 62.51b 70.29 a 58.11b 13.57 a 0.27a 410.10 a 327.89 a 78.37a
Jacarezinho 29.14 b 70.04 a 65.04 c 66.65 a 10.07 b 0.20b 106.50 c 58.99 ¢ 53.16 b

Means followed by the same letter do not differ statistically from each other by the Scott-Knott test at 5% probability. FrW = fruit weight (kg); FrL = length (cm); Dla = largest diameter (cm); Dsm = smallest diameter (cm);
IDIg = longitudinal diameter of the internal cavity (cm); IDmed = median diameter of the internal cavity (cm); AST = apical skin thickness (mm); EST = equatorial skin thickness (mm); APT = apical pulp thickness (mm); EPT =
equatorial pulp thickness (mm); L = luminosity pulp color; C = Chroma; H = hue angle; SSC = soluble solids content (°Brix); TA = titratable acidity (% citric acid); TCC = total carotenoid content (ug.g™); B-car = B-carotene
content (pgAg'l); and Rat = ratio between B-carotene and total carotenoid content (%).

Table 2. Direct, indirect and total effects of eight fruit variables on the variable fruit weight in pumpkin.

Trait Effect Via Frw Trait Effect Via Frw Trait Effect Via Frw
FrL Direct -0.92 Dla Direct 0.04 Dsm Direct 0.40
Indirect Dla -0.03 Indirect FrL 0.69 Indirect FrL -0.72
Dsm 0.31 Dsm -0.27 Dla -0.03
IDIg 1.29 IDIg -0.93 IDIg 1.02
IDmed  -0.66 IDmed 0.95 IDmed -0.59
AST -0.14 AST 0.10 AST -0.19
EST -0.03 EST 0.01 EST -0.05
APT 0.55 APT -0.45 APT 0.43
EPT -0.46 EPT 0.51 EPT -0.42
Total (r) -0.09 Total (r) 0,66 Total (r) -0,16
Trait Effect Via Frw Trait Effect Via Frw Trait Effect Via Frw
IDIg Direct 1.39 IDmed Direct 0.99 AST Direct -0.25
Indirect FrL -0.85 Indirect FrL 0.61 Indirect FrL -0.52
Dla -0.03 Dla 0.04 Dla -0.02
Dsm 0.29 Dsm -0.23 Dsm 0.31
IDmed  -0.65 IDIg -0.91 IDIg 0.73
AST -0.13 AST 0.05 IDmed -0.23
EST -0.04 EST 0.00 EST -0.07
APT 0.46 APT -0.38 APT 0.31
EPT -0.38 EPT 0.41 EPT -0.41
Total (r) 0.05 Total (r) 0.59 Total (r) -0.15
Trait Effect Via Frw Trait Effect Via Frw Trait Effect Via Frw
EST Direct -0.08 APT Direct 0.57 EPT Direct 0.61
Indirect FrL -0.37 Indirect FrL -0.89 Indirect FrL 0.70
Dla -0.01 Dla -0.03 Dla 0.04
Dsm 0.26 Dsm 0.30 Dsm -0.27
IDIg 0.69 IDIg 1.13 IDIg -0.87
IDmed  -0.02 IDmed -0.65 IDmed 0.66
AST -0.21 AST -0.13 AST 0.17
APT 0.16 EST -0.02 EST 0.03
EPT -0.24 EPT -0.50 APT -0.47
Total (r) 0.17 Total (r) -0.24 Total (r) 0.60
DC=0.98
E=0.12

FrW = fruit weight; FrL = length; Dla = largest diameter; Dsm = smallest diameter; IDIg = longitudinal diameter of the internal cavity; IDmed = median diameter of the internal cavity, AST = apical skin thickness; EST =
equatorial skin thickness; APT = apical pulp thickness, and EPT = equatorial pulp thickness. r = Pearson correlation coefficient; DC = Determination coefficient and and E = Effect of the residual variable.

1678



-0.68

Dla g———————————{Dsm

3
i
0

%

NoL0-\

A1y
APT)

0.67

N
\\.l

. ~(/.,,* \

oy,
o

049

028

T

7990 /

/099

N\
ldmed

4
g

06

o8

WYYy

A [EST

Fig 1. Path diagram on correlations between explanatory variables and their direct effects on the basic variable in pumpkin.
Unidirectional arrows as well as values in bold, indicate the direct effects of the explanatory variables on the basic variable and
the effect of the residual variable, respectively. Bidirectional arrows indicate the correlations between the explanatory variables.

Table 3. Pearson’s correlation coefficients for sensorial and nutritional quality attributes in fruits of pumpkin progenies (C.

moschata).

C H SS TA TCar B-car Rat
L -0.68* 0.95%* -0.72** -0.40 -0.84** -0.85%* -0.90**
C -0.73** 0.43 0.17 0.70** 0.70** 0.76**
H -0.56 -0.15 -0.92*%* -0.93** -0.94**
SS 0.73** 0.49 0.54 0.62*
TA 0.09 0.12 0.12
TCar 0.99** 0.89**
B-car 0.91%*

** and * indicate significant correlations at 1 and 5% probability, respectively, by the t-test. L = luminosity pulp color; C = chroma; H = hue angle; SSC = soluble solids content; TA = titratable
acidity; TCC = total carotenoid content; B-car = B-carotene content, and Rat = ratio between B-carotene and total (%).

negative correlations of greater interest in this study (0.80 <
r < 0.99), highly significant coefficients were observed
between C and H; C and TCC; C and B-car; C and B-car and
Rat; H and TCC; H and B-car; H and Rat; TCC and B-car; TCC
and Rat, and B-car and Rat.

Discussion

The results associated to ANOVA indicate existence of
variability for the evaluated characters. In cucurbits, assessing
heterogeneity and its magnitude in the genotypes through
analysis of variance is highly relevant to ensure gains in the
selection process (Ndukauba, et al., 2015). Heterogeneity is
indicated by the coefficient of variation, and higher values
indicate greater variability (Cyril et al., 2014; Singh et al.,
2017). Studies focused on pumpkin FrW reported different
results according to the evaluated genotypes. Du et al. (2011)
measured a mean FrW of 2.9 kg in a diversity study of C.
moschata lines, while Soltani et al. (2016) recorded mean FrW
values of 5.8 kg in C. moschata when estimating the genetic
diversity in accessions of different species of the genus
Cucurbita. Fruit weight is one of the traits of key interest in the
pumpkin breeding program, targeting the development of
lines with a FrW of approximately 3 kg. Therefore, the mean
FrW of the progenies evaluated in this study are close to the
desired. The ratio of fruit length to diameter defines its shape.
According to Chitarra and Chitarra (2005), values lower than 1
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in this ratio indicate globular, ellipsoidal and spherical shapes.
Therefore, when the length is greater than the diameter (ratio
>1) the fruit shape is elongated. For the evaluated progenies
and control ‘Jacarezinho’, a comparison of the mean Dla with
mean FrL values, shows the similarity with the described fruit
shapes of the mother progenies described in Table 18,
indicating the possibility of selection among the progenies for
a cultivar with either globular, piriform or flattened fruit
shape. Fruit shape influences the measures associated with its
internal cavity, i.e., fruits with a larger cavity produce a larger
number of seeds, resulting in a lower FrW. Nerson et al. (2000)
reported the association between increased fruit size and fruit
destination for in natura consumption or for seed production,
in Cucurbita. The authors emphasized the need of increasing
the fruit cavity when the objective is the production of seeds.

In the progenies evaluated here for IDIg and IDmed, selection
should target a reduction of the internal cavity. Traits such as
skin and pulp thickness of pumpkin are studied, since the yield
of fruits with a thicker pulp is greater (Du et al., 2011), which is
a relevant factor for the commercialization and processing of
several fruits (Blank et al., 2013). In this study, the progenies
with highest mean values of APT were those one with high FrL.
The appearance and acceptability of fruits by consumers are
directly related to their color (Zhao et al., 2015), which is a
complex variable defined by a number of elements. For
example, luminosity is one of these factors and represents the
surface brightness. It can vary from 0 (black) to 100 (white)



(Albertini et al., 2012). For pumpkin, the orange pulp color is
an important quality component. According to Sasaki et al.
(2014), the hue angle or color angle is the variable that best
defines this trait. In this case, values below 752 and above 302
represent the orange color, where lower values define darker
color tones. In this study, the evaluation of the H resulted in
groups of progenies with no significant differences between
each other, but differing significantly from the control. When
this finding was compared with the results obtained for the
variables TCC, B-car and Rat, the groupings for the three
variables indicated high levels of these compounds in all
evaluated progenies.

According to Adubofuor et al. (2016), TA is important for a
balanced flavor, and a low pH maintains the pulp color more
stable, inhibiting microbial deterioration. The same authors
stated that the variables SSC and TA are relevant because they
indicate the stage of fruit maturation and the definition of the
ideal SSC and TA levels that can be used as an indicator of
harvest maturity (Adubofuor et al., 2016). However, the mean
SSC values of the progenies were close to the limit of 11 to
139Brix, described by Loy (2004) as ideal for post-harvested
pumpkin. Both progenies and the control Jacarezinho had
market-grade SSC values. For TA, the values of the progenies
were as expected for this fruit, with uniformity among the
progenies for this trait.

The information generated by correlation analysis can be used
to increase breeding efficiency and reduce plant populations
during the selection process (Soltani et al.,, 2016). For
pumpkin, few studies used correlation path analysis. Khan et
al. (2017) identified the fruit weight as one of the traits that
allows the selection of productive genotypes of snake gourd
(Trichosamthes cucumerina, var. anguina). According to Naik
et al. (2015), path analysis allows an understanding of the
direct or indirect contribution of each variable to the
dependent and yield-related variables. These authors also
emphasized that for breeding, it is important to identify traits
strongly correlated with the basic variable and with a major
direct effect in favour of selection. This ensures that the
correlated response by indirect selection is efficient.

According to Souza (2013), the interpretation of the results of
the path analysis showed that when the direct effect of an
explanatory variable is smaller than the modulus of the
residual effect, but the correlation coefficient (r) or total effect
is greater than the residual variable. This variable influences
the main variable only indirectly. Therefore, it is only
important together with the other explanatory variables, as
was the case for variable Dla.

According to the same author, if the direct effect is greater
than the residual one, the effect of the variable would be
direct. The variables with the greatest influence, with direct
effect estimates in this condition were IDIg (1.39), IDmed
(0.99), EPT (0.61), APT (0.57), and Dsm (0.40).

Although variable IDIg had the greatest direct effect (11.58
times greater than the effect of the residual variable), the
positive correlation with FrW is very low (0.05). It was also
observed that IDIg influences the variable FrL indirectly,
indicating that long fruits have lower FrW. This result allows
the conclusion that the variables with direct effect on Frw,
IDmed, EPT, APT, and Dsm can be used with greater efficiency
in direct selection for higher fruit weight.

Most of the correlations between the explanatory variables
are positive (Figure 1). Therefore, according to the coefficients
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of correlation between FrL and APT; Dla and IDmed; FrL and
IDlg; FrL and Dsm; AST and EST, and IDIg and APT, the
selection of genotypes can be made based on the variable of
greatest interest. The highly significant and negative
correlation observed between the APT and EPT variables
indicating that the indirect selection can be made according to
the fruit shape desired, hence fruits with globular shape will
have higher EPT and piriform shape fruits will have higher APT.
The correlation between variables related to pulp color
attributes and pigments showed that fruits with higher C and
H (positive correlation between these variables) were
characterized by lower TCC and B-car, as well as Rat.

The significance of the H for the estimation of high TCC and B-
car levels in contrasting genotypes is corroborated here by the
inverse correlation between the variables H and TCC, B-car
and Rat. Martinez-Valdivieso et al. (2015) also reported the
inverse association between variables that confer pulp color
and total carotenoids content as lutein in a study for the
physical and chemical characterization of 22 summer squash
genotypes. In this case, it is possible to determine that the
correlation between variables associated with the color and
the contents of this carotenoid would ensure indirect selection
in the evaluated genotypes. Significant and negative
correlations were also observed by Itle and Kabelka (2009) for
C and H and for variable B-car in squashes of C. moschata and
C. pepo species. The authors concluded that high correlation
values also allow for indirect selection for higher B-car levels.

Material and Methods
Plant materials

The pumpkin species used in this experiment was C.
moschata Duch. Twelve pumpkin genotypes were evaluated,
of which 11 were progenies from accessions of the living
Cucurbita genebank of Embrapa, selected for agronomic and
fruit quality, including total carotenoid and B-carotene. The
commercial cultivar Jacarezinho was used as control (Table
2S). Of these 11 progenies, eight are second-cycle (S,) selfed
progenies from the accessions BGC545 (C. Moschata 1, C.
moschata 3, C. moschata 4, C. moschata 5, C. moschata 6, C.
moschata 8, C. moschata 9, and C. Moschata 10), one from
accession BGC567 (C. moschata 2), one from BGC569 (C.
moschata 7), and one from a cycle of recurrent bulk
selection of accessions named BGC432, BGC567, BGC498S,
BGC504, BGC545, and BGC620 (C. moschata 11).

Chemicals and reagents used in the analysis

To determine the total TA, we used 0.1N NaOH and
phenolphthalein as indicator (IAL, 1985). The following
solutions and reagents were used for total carotenoid
extraction: acetone (Dindmica Contemporanea, Diadema -
Sdo Paulo (SP), Brazil); petroleum ether (Vetec, Duque de
Caxias - SP, Brazil); anhydrous sodium sulfate (Dinamica,
Diadema - SP, Brazil), and sodium chloride (Cinética, Jandira
- SP, Brazil). To determine the total carotenoid and B-
carotene pigments, we used acetone, methyl terc-butyl
ether (MTBE), as well as the B-carotene standard (minimum
purity > 95%) (Sigma, Fairfield, Connecticut, USA).



Experimental site

The experiment was carried out in Bebedouro Experimental
Field/Embrapa Semiarido, located in Petrolina-Pernambuco
(09209'S, 409222'W; 365.5 m a.s.l.), from February to July
2015. During the experiment, the climate was defined by a
mean temperature of 26.2°C, minimum of 19.0°C and
maximum of 32.5°C, mean relative air humidity of 64.8%,
and cumulative rainfall of 38.2 mm in the study period
(Embrapa, 2015).

The harvested fruits were analyzed at the Laboratory of
Post-Harvest Physiology of Embrapa Semiarido.

Field procedures

The seeds were sown in polystyrene trays filled with
commercial substrate, on February 16, 2015. The seedlings
were planted in rows, with 21 plants each 13 days after seed
germination, on March 2, 2015, at a spacing of 4 m x 2.5 m.
The soil was prepared by plowing and disking. Fertilization
was applied according to the recommendations, based on
soil analysis (Cavalcanti, 2008). The cultivation area was
maintained free of invasive plants, by hand weeding.
Irrigation was applied by a drip system three times a week,
at water levels of around 10 mm, defined based on class-A
pan evaporation. Phytosanitary measures for prevention and
control of the silverleaf whitefly (Bemisia argentifolii) and
powdery mildew (Podosphaera xanthii), common on crops in
the region, were applied. Harvest occurred on July 2015, by
hand, selecting the best fruit of each plant, by a visual
evaluation of healthy fruits, without damages on the skin
and preserving the fruit traits of the progeny grown from a
seed of the mother plant.

Studied variables

The correlation analysis were based on the yield-related
traits: FrW, in kg, by weighing each fruit separately on a
semi-analytical balance with a weighing capacity of up to 30
kg and variation up to 1% (Mettler-Toledo, model PBK989-
AB30, Barueri, SP, Brazil); FrL, Dla, Dsm, IDIg and IDmed,
determined with a digital caliper (LeroyMerlin, Noeux-les-
Mines, France), in cm; AST, EST, APT and EPT, also measured
with a digital caliper, but expressed in mm.

For the correlation analysis of sensory and nutritional quality
traits, the following traits were evaluated: pulp color,
determined with a Konica Minolta CR400 Chroma Meter
(Ramsey, NJ, USA). The properties L, C and H; SSC, expressed
in °Brix were measured in an Atago-PAL-1 digital
refractometer Atago, PAL-1 (Bellevue, WA, USA), with
automatic temperature compensation (AOAC, 1998); TA, in
mg of citric acid 100 mL™ by titration with 0.1 N NaOH
solution, using phenolphthalein as indicator (AL, 1985) and
the Bureta Digital 50 ml Digitrate Jencons-Alpax (Diadema,
SP, Brazil); TCC (in ug.g_l); B-car (in ug.g'l). These compounds
were extracted by the method recommended by Rodriguez-
Amaya and Kimura (2004) from 5 g of each fruit. The
quantities were determined by high performance liquid
chromatography (HPLC) using a Waters® Alliance 2695
separation module coupled to a Waters® 2998 Diode Array
Detector (DAD) (Milford, Massachusetts, MA, USA), at 450
nm. The extracts were run on a 4.6 mm x 150 mm C-30
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Carotenoid column (YMC/Waters Inc., Wilmington, NC), with
a gradient program of: 0 min, 80% Methanol + 20% Terc
Butyl Methyl Ether; 0.5 min, 75% Methanol + 25% Terc Butyl
Methyl Ether; 15 min, 15% Methanol + 85% Terc Butyl
Methyl Ether; 15.05 min, 10% Methanol + 90% Terc Butyl
Methyl Ether; 16.5 min, 10% Methanol + 90% Terc Butyl
Methyl Ether; 16.55 min, 80% Methanol + 20% Terc Butyl
Methyl Ether; and 22 min, 80% Methanol + 20% Terc Butyl
Methyl Ether, at a flow rate of 0.8 ml min™ and oven
temperature of 33°C. In addition, the Rat was determined in
percentage.

Experimental design and statistical analysis

The experiment was arranged in a randomized block design
with four replications and seven plants per plot. The data
distribution was tested by the Lilliefors’ test (Ghasemi and
Zahediasl, 2012). Due to not meeting the ANOVA
assumptions, the variables SSC; TCC and B-car were
transformed by the vx function, while TA was transformed
by the logx function. Thereafter, ANOVA was performed.
Data were subjected to analysis of variance and grouping of
means by the Scott-Knott test (P < 0.05).

Path analysis was performed considering FrW as basic
variable and the others as explanatory. After, the path
diagram with the direct effects in relation to the basic
variable and the partial correlations between for the
explanatory variables evaluated was obtained (Figure 1).
Finally, a correlation study was performed for the set of
sensory and nutritional variables by Pearson’s correlation
coefficient. All statistical analyses were performed with
software GENES (Cruz, 2013).

Conclusion

The highest variations were observed in the fruit-shape
related traits, which is promising for selection among
progenies for cultivars with elongated, globular or flattened
fruit shape. The variables IDmed, EPT, APT, and Dsm are
indicated for a direct selection of progenies targeting a
higher FrW. The correlations between the color-related
variables and those that quantify TCC and B-car indicate the
possibility of indirect selection for contrasting genotypes in
the pumpkin breeding program aiming to increase these
compounds contents. The evaluated progenies showed
notable SSC, TCC and p-car contents compared to the
commercial cultivar. In addition, the contribution of B-car to
TCC is at least 50% higher in these progenies than in
'Jacarezinho' pumpkin.
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