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Abstract

The Physalis angulata L. species, better known in Brazil as camapu, is most found in the northern regions of the country. It is used for human consumption, in
medicine and as an ornamental plant. Because of its potential economic and nutritional value, studies have carried out to known the genetic variability of fruit
traits. Repeatability is the fraction of phenotypic variation that is due to permanent genetic and environmental factors. The estimation of repeatability
coefficient allows breeders to estimate the ideal number of measurements for a trait. This work aims to evaluate the performance of P angulata accessions
and to estimate the coefficients of repeatability and minimum number of repetitions for fruit characteristics, in two environments and two seasons. The
present work was conducted at the Horto Florestal Experimental Unity of Universidade Estadual de Feira de Santana, using seven accessions of P angulata
from the Germplasm Collection of LAGEM/UEFS. Four experiments were conducted, two in the experimental field and two in the greenhouse, in an entirely
randomized design with 24 replicates, using five accessions in the first two experiments, and six accessions in the last two in each environment, totaling 120
and 144 experimental units, respectively. The characteristics number of fruits per plant (NFP), soluble solids content (SSC), longitudinal diameter (LFD) and
transversal diameter (TFD) of the fruits, and average fruit mass (AFM) were evaluated. Data were submitted to analysis of variance (ANOVA) and estimates of
repeatability coefficients were obtained by ANOVA, principal components (PC), and structural analysis (SA) methods. There was significant variance among
accessions for the characteristics LFD, TFD, AFM and SSC in the experimental field, and for TFD, LFD NFP in the greenhouse. Heritability ranged from 61.63—
91.91% in both environments. PC showed the highest estimates of repeatability coefficient. The repeatability and determination coefficients by PC analysis
ranged from TFD (r=0.51; R2 =96.19%) to SSC (r = 0.72; R? = 98.47) in the field, and from NFP (r = 0.40; R% = 93.92%) to LFD (r=0.51; R2=79.38%) in the
greenhouse. Twenty measurements can achieve 95% and 90% reliability for experimental field and greenhouse experiments, respectively, for the evaluated
traits.

INTRODUCTION

The genus Physalis belongs to the family Solanaceae, which counts more than 2300 species (Jagatheeswari 2014; Medina-Medrano et al. 2015). Its center of
diversity is in South and North America and is found particularly in tropical and subtropical countries around the world (Mexico, Colombia, Brazil, China, Japan
and some African countries; Silva Junior et al. 2022). Several species of the Physalis genus are object of studies, such as Physalis alkekengi L., Physalis
angulata L., Physalis ixocarpa Brot., Physalis minima L., Physalis peruviana L. and Physalis philadelphica Brot. (Fukushima et al. 2016 Shenstone et al. 2020).
In Brazil, P angulata has stood out in recent years because of its economic, food, medicinal and pharmacological potentials (Silva et al. 2005; Muniz et al.
2015).

P angulata, commonly known as camapu in Brazil or groundcherry in English countries, is an herbaceous plant found in many regions in Brazil, including
those that are arid or semiarid, growing spontaneously, being considered a weed in some regions (Stehmann and Knapp 2020; Balah and Balah, 2022). It has
a high germination rate and a large number of seeds. The fruits are good source of vitamin C, minerals e many secondary phenolic compounds (Oliveira et al.
2011). P angulata can be produced in small areas, and is a potential source of extra income for farmers (Ordofiez et al. 2022). In additional to the great
nutritional value, camapu has several compounds with medicinal interest, the main one being physalin (Sholehah et al.; 2021).

The study of genetic diversity is an essential tool for identifying more divergent genotypes, and is also used for the formation of hybrids (Gongalves et al.
2008). The species camapu is a facultative autogamous plant that has hermaphrodite flowers and has not yet been completely domesticated. Despite the
potential of the species, research on genetic improvement of camapu is still incipient. In fact, there is still no genetic material with high productivity already
developed (Trevisani, 2015).

Previously studies with Physalis species at the Universidade Estadual de Feira de Santana (UEFS) show that there is variability for many fruit traits. However,
large residual variance has been observed in these studies, especially with P angulata (Orellana et al. 2021; Farias et al. 2022). In this sense, the estimate of
repeatability coefficient of characteristics of interest is a tool that can assist in breeding. Repeatability can be defined as the correlation between
measurements on the same individual, whose evaluations were repeated in time and space (Kemptorne, 1973; Cruz et al. 2010). According to Falconer (1987),
the repeatability coefficient represents the upper limit that heritability can reach. This coefficient allows to predict the number of measurements needed to
reach a certain value of confidence for a given character in the same genotype, leading to a reduction in time and labor cost (Cruz et al. 2010).

In this sense, the objective of this work was to evaluate the performance of P angulata accessions and to estimate repeatability coefficients and the minimum
number of repetitions for fruit traits, in two locations and two years.

MATERIAL AND METHODS

The present work was carried out at Horto Florestal Experimental Unity, belonging to the Universidade Estadual of Feira de Santana (Horto Florestal/UEFS),
located at Feira de Santana city, in the semiarid region of Bahia State, Brazil, whose geographic coordinates are 12° 16’ 10.14" south latitude, 38° 56’ 17.51"
west longitude and 257 m altitude. The average annual temperature is 23.5°C, and the maximum temperature exceeds 35°C. Soil analysis was performed prior
to the experiments.

Seven accessions (BASP-01; BASP-02; PEIT-01, BAAN-04; BALJ-01; BAFS-01; RURJ-01) of P angulata (Table 1) from the Germplasm Collection of the
Laboratory of Molecular Genetics (LAGEM/UEFS) were used. The seeds of the accessions were stored at low temperature and humidity.
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Table 1
Information about the Physalis angulata L. accessions used in the experiments.

Access name City and State of Collection  Geographic Coordinates

BASP-01 Serra Preta-BA Latitude 12° 2'12.93 South and Longitude 39° 16'8.69" West.

BASP-02 Serra Preta-BA Latitude 12° 2'12.77 South and Longitude 39° 16'8.28" West.

PEIT-01 Itapetim-PE Latitude 7° 22' 39" South and Longitude 37° 11' 26" West.

BAAN-04 Anguera-BA Latitude 12° 09' 04" South and Longitude 39° 14' 47" West, altitude 235 meters.
BALJ-01 Lajedinho-BA Latitude 12°22'00” South and Longitude 40°54'00” West, altitude 640 meters.
BAFS-01 Feira de Santana-BA Latitude 12° 16' 24" South and Longitude 38° 57' 20" West, altitude 232 meters.
RJRJ-01 Rio de Janeiro-RJ Latitude 22°54'10" South and Longitude 43°12'27" West.

BA: Bahia State; PE: Pernambuco State; RJ: Rio de Janeiro State.

Four experiments were conducted, at two different times. Two experiments (one in the field and one in the greenhouse) started in August 23, 2021 and finished
in January 25, 2022 (Exp1). Another two experiments (one in the field and one in the greenhouse) started in September 18, 2022 and finished in January 15,
2023 (Exp2).

The seeds of each accession were placed in petri dishes with distilled water and were sown 24h later in disposable cups containing local soil. Thinning was
performed 15 days after sowing, with the most vigorous seedlings remaining. The seedlings were maintained under shaded conditions with daily manual
watering in the early morning and late afternoon.The experiments were conducted in an entirely randomized design with 24 repetitions, spacing of 1.0 m
between rows and 0.5 m between plants in both experimental field and greenhouse. The seedlings were transplanted after reaching about 20 to 25 cm in
length.

In Exp1, 120 plants of five accessions (BASP-01, BASP-02, PEIT-01, BAAN-04 and BALJ-01) were transplanted to the experimental field, with drip irrigation.
Fertilization was performed with urea (2.2 g/hole), potassium chloride (2.15 g/hole) and single superphosphate (11.25 g/hole), according to the
recommendations for cherry tomato culture. After 45 days, top-dressing fertilization was carried out with urea (5.86 g/hole) and potassium chloride (4.3
g/hole). For phytosanitary control, virgin lime was used around the experimental areas, to combat African snails, Bordeaux mixture to combat powdery
mildew, and a homemade solution made of 200 ml of 70% alcohol, 200 ml of vinegar and 1 liter of water, to control mites. In the greenhouse, 120 plants of the
same accessions were transplanted in 10 L pots, each containing sieved local soil (6 L), vegetal substrate (2 L). Fertilizing and phytosanitary control was
made as same as in experimental field.

In Exp2, 144 plants of six accessions (BASP-01, BAFS-01, RJRJ-01, PEIT-01, BALJ-01 and BAAN-04) were transplanted to the experimental field, with drip
irrigation. Fertilization was performed with urea (4.31 g/hole), potassium chloride (6.43 g/hole) and single superphosphate (16.82 g/hole), according to the
recommendations for cherry tomato culture. After 45 days, top-dressing fertilization was carried out with urea (5.78 g/hole) and potassium chloride (4.81
g/hole). In the greenhouse, 144 plants of the same accessions were transplanted, applying similar fertilization as in the field, in 10 L pots containing 6 L of
sieved soil and 2 L of vegetal substrate. Phytosanitary control was carried out as the same as in Exp1.

Three harvests were made in all environments. In the field, the first 60 days after transplanting (DAT); the second, 70 DAT and the last 85 DAT. In the
greenhouse, the first harvest occurred 50 DAT, the second 60 DAT and the last 65 DAT. The fruits from the three harvests were stored together. The evaluations
of the fruits were performed after they reached the physiological maturity stage. Ten fruits with the largest size and with yellow calyx coloration (maturation
point indicator) were evaluated from each plant for the following evaluations.

¢ Number of fruits per plant (NFP), making a count of the total amount of fruits per plant.

» Average fruit mass (AFM), measured with a precision scale and expressed in grams.

* Fruit longitudinal diameter (LFD), measured with a digital pachymeter and expressed in millimeters.

e Fruit transverse diameter (TFD), measured with a digital pachymeter and expressed in millimeters.

¢ Soluble solids content (SSC), determined by digital refractometer, and expressed in °Brix units.
The data was subjected to analysis of variance (ANOVA) and estimates of variance, heritability and coefficient of variance. The estimates of the repeatability
coefficients were obtained by the methods of ANOVA,; principal components (PC), based on the matrix of correlations (PC-cor) or covariances (PC-cov); and

structural analysis (SA), based on the matrix of correlations. All analyses were performed with GENES software (CRUZ, 2013), following the statistical model
below.

Yij =+ Gi + (Ep + GEp)i + (El + GEt)ij' Where,

* Yj;: phenotypic value of the characteristic for the i-th individual at the j-th time;
e p: general average;
¢ Gi: genotypic effect on the characteristic of the i-th individual;

* (Ep + GEy);: permanent environmental effect on the characteristic in the i-th individual.
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* (E;+ GEy);: temporary effect, or localized effect, of the j-th environment on the i-th individual.
Repeatability coefficient was calculated by the following formula:
r= (0% +0%) / 0%,, where:
r = coefficient of repeatability

0% = estimated between genotype variance

o2

g = estimate of experimental error variance

02p = estimated phenotypic variance

The number of measurements required to predict the true value of the genotype was calculated with the formula below.
No = [R%. (1-)] / (1-R?). r where:

Ng = minimum number of measurements required

R? = coefficient of determination

r = coefficient of repeatability

The coefficient of determination was estimated by the following formula:
R?=N.r/1+r (N-1) where,

R? = coefficient of determination

r = coefficient of repeatability

N = number of measurements performed

RESULTS

The summary of the analysis of variance of two experiments in two different seasons of P angulata cultivation in experimental field (Exp1-EF and Exp2-EF) at
Horto Florestal/UEFS are shown in Table 2. All the traits showed significant variation between the treatments except NFP in Exp1-EF and NFP and SSC in
Exp2-EF.
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Table 2
Summary of variance analysis for the characteristics longitudinal fruit diameter (LFD), transversal fruit diameter (TFD), average fruit
mass (AFM), number of fruits per plant (NFP) and soluble solids content (SSC), for 5 accessions (Exp1) and 6 accessions (Exp2) of P
angulata grown in experimental field. Feira de Santana (BA), 2023.

Exp1-EF

DF MS
Source of Variation LFD (mm) TFD (mm) AFM (g) NFP SSC (°Brix)
Treatments 4 5.89* 9.12%* 1.35%* 5084.6"S 18.59**
Residual 80 1.67 2.23 0.17 2355.5 4.26
Mean 13.65 12.86 1.82 79.8 13.58
cv 9.46 11.62 22.3 60.81 15.19
Phenotypic Var. 0.46 0.71 0.10 397.87 1.40
Environmental Var. 0.13 0.17 0.10 184.32 0.33
Genotypic Var. 0.33 0.57 0.90 213.55 1.12
Heritability (%) 71.65 75.50 87.73 - 77.06
Exp2-EF
Treatments 5 3.89* 9.17%* 0.76%* 1435770 15608
Residual 129 1.23 0.73 0.06 9584.74 1.26
Mean 11.95 12.58 1.39 182.65 12.42
cv 9.30 6.82 18.36 53.60 9.04
Phenotypic Var. 0.17 0.41 0.03 656.20 0.07
Environmental Var. 0.05 0.03 0.003 438.05 0.05
Genotypic Var. 0.12 0.40 0.03 218.14 0.01
Heritability (%) 68.25 91.91 91.44 - -
Exp1: Experiment 1; Exp2: Experiment 2; DF: Degrees of freedom; MS: Mean square; CV: Coefficient of variation; EF: Experimental field
*significant at 5% probability; **significant at 1% probability; "not significant

The coefficient of variation (CV) of AFM showed a higher variation (22.3% in Exp1-EF and 18.36% in Exp2-EF), compared to the others. The lowest CV value
was recorded with the traits LFD (9.46% in Exp1-EF) and TFD (6.82% in Exp2-EF). The mean for the LFD trait in Exp1-EF (13.65 mm) was higher compared to
that of Exp2-EF (11.95 mm). However, for TFD, these means were similar (12.86 mm and 12.58 mm in Exp1-EF and Exp2-EF, respectively). We observed that
AFM in Exp1-EF (1.82g) was higher than in Exp2-EF (1.39g). For the field experiments, SSC showed significant variation only in Exp1-EF, with an average of
13.58 °Brix and a coefficient of variation of 15.19%.

The values of heritability coefficient (h?) ranged from 68.25% (LFD) to 91.91% (TFD), both at Exp2-EF. High values of heritability were found in Epx1-EF for
TED (87.73%) and SSC (77.06%), and in Exp2-EF for AFM (91.44%) and for TFD (91.91%).

The results of the analysis of variance of two experiments evaluated at different seasons in greenhouse (Exp1-GH and Exp2-GH) are presented in Table 3. All
evaluated characteristics showed significant variation, except AFM in Exp1-GH and SSC in Exp2-GH. The lowest coefficient of variation was found for LFD
(9.46%) in Exp1-GH, and for TFD (6.82%) in Exp2-GH. Exp1-GH showed the highest values of fruit diameters (LFD 12.29 mm and TFD 11.98 mm). For NFP, the
highest mean value was found in Exp2-GH, with 97.04 fruits per plant and a coefficient of variation of 34.12%. The values of heritability coefficient ranged
from 61.63% (TFD) to 78.74% (LFD), both at Exp2-GH. Tables 4 (experimental field) and 5 (greenhouse) present the results of the estimates of the repeatability
coefficients (r) of Exp1 and Exp2. The repeatability coefficients and determination coefficients (R?) estimated by the principal components, based on PC-cov
and PC-cor matrices, presented the highest values in relation to those estimated by ANOVA and the structural analysis from the correlation matrices, for all
traits. In the experimental field, the repeatability coefficients ranged from 0.28 to 0.72. The highest values of these coefficients in Exp1 and Exp2 of
experimental field were recorded respectively with the characters SSC (r=0.72; R? = 98.47%) and TFD (r=0.51; R2=96.19%).
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Table 3
Summary of variance analysis for the characteristics longitudinal fruit diameter (LFD), transversal fruit diameter (TFD), average
fruit mass (AFM), number of fruits per plant (NFP) and soluble solids content (SSC), for 5 accessions (Exp1) and 6 accessions
(Exp2) of P angulata cultivated in greenhouse, UEFS, Feira de Santana (BA), 2023.

DF MS
Exp1-GH

SOURCE OF VARIATION LFD (mm) TFD (mm) AFM (g) NFP SSC (°Brix)
TREATMENTS 4 11.05% 11.69% 0.17m 367.07%* 16.62*
RESIDUAL 81 2.83 3.23 0.29 89.33 5.78
MEAN 12.29 11.98 1.25 14.39 9.23

cv 13.69 14.99 43.44 65.65 26.04
PHENOTYPIC VAR. 0.84 0.90 0.01 27.96 1.30
ENVIRONMENTAL VAR. 0.21 0.24 0.02 6.80 0.40
GENOTYPIC VAR. 0.62 0.64 0.00 21.15 0.80
HERITABILITY (%) 74.39 72.36 - 75.66 65.19
Exp2-GH

TREATMENTS 5 8.78% 3.06% 0.22%* 3660.12%* 1,400
RESIDUAL 134 1.89 117 0.05 1096.69 112
MEAN 12.02 11.20 1.21 97.04 12.06

cv 11.44 9.68 19.76 34.12 8.78
PHENOTYPIC VAR. 0.40 0.13 0.009 158.70 0.06
ENVIRONMENTAL VAR. 0.08 0.05 0.002 47.55 0.04
GENOTYPIC VAR. 0.30 0.08 0.007 111.14 0.01
HERITABILITY (%) 78.44 61.63 74.25 70.03 -

Exp1: Experiment 1; Exp2: Experiment 2; DF: Degrees of freedom; MS: Mean square; CV: Coefficient of variation; GH: Greenhouse

*significant at 5% probability; **significant at 1% probability; "not significant
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Table 4

Coefficients of repeatability (r) and of determination (R?) and number of measurements required (N°) for seven fruit traits from accessions of P angulatain
experimental field at Horto Florestal/UEFS, Feira de Santana, (BA), 2023.

r R? N°(80%) NO(85%) N°(90%) NO(95%) NO(99%)
Estimation method  Longitudinal Fruit Diameter

Exp1l Exp2 Expl Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 Exp2

Anova 020 0.11 86 7512 1599 31.78 22.65 45.02 3598 71.49 7596 15096 39583 786.60
PC-covariance 047 032 9554 9213 4.47 8.20 6.40 11.61 10.07 18.44 21.26 38.94 110.78  202.94
PC-correlation 046 028 9540 90.28 4.63 10.32 6.55 14.63 1041  23.24 2198 49.06 114.53  255.65
SA-correlation 023 012 8816 7746 1288 2792 18.25 39.56 29 62.83 61.21 132.65 31896 474.07

Transversal Fruit Diameter

Anova 023 036 8779 9333 1334 7.18 1891 1017 30.03 16.15 63.40 34.10 330.37 177.71
PC-covariance 0.51 0.51 96.26 96.19 3.73 3.79 5.28 5.38 8.39 8.54 17.71  18.04 92.30 94.01

PC-correlation 044 046 9502 9543 5.02 4.58 7.11 6.50 11.03 10.32 23.85 21.79 12430 113.57
SA-correlation 027 036 90.26 9334 1036 6.84 14.67 9.69 2331 1540 49.21  32.51 256.42  169.40

Average Fruit Mass

Anova 038 035 93.64 9269 6.51 7.56 9.22 10.71 1464 17.02 28.09 3594 161.11  187.27
PC-covariance 0.59  0.51 97.24 96.17 271 3.80 3.84 5.41 6.11 8.60 12.89 18.15 67.21 94.60

PC-correlation 055 049 96.76 9589 3.21 4.10 4.55 5.82 7.28 9.24 15.25 19.51 79.50 101.67
SA-correlation 044 036 9511 93.15 4093 7.04 6.99 9.98 1110 15.86 23.44 33.48 12215  174.46

Number of Fruits per Plant

Anova 014 0.03 79.71 4525 2442 11614 3459 16452 5495 25131 116 551.60 604.46 2875.46
PC-covariance 048 043 9577 9480 423 5.25 6.02 7.44 9.53 11.83 20.02 2497 104.85 130.12
PC-correlation 036 034 9330 9256 6.88 7.71 9.76 10.92 15,53 17.35 3272  36.63 170.50  190.90
SA-correlation 0.18 0.03 8430 44.43 1787 120.06 2532 170.08 40.21 270.13 849 570.28 44240 2971.50

Soluble solids content

Anova 0.21 0.02 8710 3285 1421 196.16 20.13 277.89 32 44136 68 931.77 351.77  4855.05
PC-covariance 072 034 9847 9277 148 7.48 2.10 10.59 3.33 16.82 7.05 35.52 36.73 185.07
PC-correlation 0.51 034 96.27 9259 3.71 7.68 5.26 10.88 8.36 17.28 17.65 36.48 91.97 190.11
SA-correlation 028 0.03 90.70 46.74 9.83 109.37 13.93 15495 2213 246.08 46.73 519.52 243.51 2706.97

PC: principal components; SA: structural analysis

By PC-cov measurement number estimation method in experimental field, approximately 7 to 21 measurements are needed for most of the evaluated traits in
Exp1 for 95% reliability level, with the trait SSC having the smallest measurements number and LFD having the largest. In Exp2, 18 to 38 measurements are
needed to reach 95% reliability, being AFM with the smallest measurement number and LFD with the largest. For PC-cor method, these measurements
numbers range from 13 to 22 to reach 95% reliability, being AFM with the smallest and LFD with the largest measurement number in Exp1. In Exp2, they range
from 20 (AFM) to 49 (LFD) to reach the same reliability.

In the greenhouse (Table 5), the repeatability coefficients ranged from 0.32 to 0.51. The highest values of the repeatability and determination coefficients in
Exp1 and Exp2, estimated by the principal components (covariance and correlation), were recorded respectively for the characters SSC (r= 0.41; RZ = 94.54%)
and LFD (r=0.51; R? = 79.38%). Highest values of this coefficient in Exp1 were recorded to the traits SSC (0.41) and NFP (0.40). In Exp2, the highest values
were LFD (0.51), AFM (0.47) and NFP (0.42). The r values were higher in Exp2 comparing to Exp1. In Exp, we found numbers of measurements varying from
26 to 40 to reach 95% reliability level with SSC characteristic having the lowest number and TFD having the highest. For Epx2, these numbers ranged from 18
(LFD) to 30 (TFD).
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greenhouse at Horto Florestal/UEFS, Feira de Santana, (BA), 2023.

Table 5
Coefficients of repeatability (r) and of determination (R?) and number of measurements required (N°) for seven fruit traits from accessions of P angulatain

Estimation
method

Anova

PC-
covariance

PC-
correlation

SA-
correlation

Anova

PC-
covariance

PC-
correlation

SA-
correlation

Anova

PC-
covariance

PC-
correlation

SA-
correlation

Anova

PC-
covariance

PC-
correlation

SA-
correlation

Anova

PC-
covariance

PC-
correlation

SA-
correlation

r

R2

Longitudinal Fruit Diameter

Exp1

0.21
0.34

0.36

0.28

Exp2

0.14
0.51

0.33

0.09

Exp1

86.04
92.56

93.34

90.69

Exp2

79.42
79.38

98.30

96.21

Transversal Fruit Diameter

020 007 86.04
0.32 0.38 91.97
0.33 0.27  92.08
024 002 88.62
Average Fruit Mass

0.11 0.11 21.56
0.38 0.47  93.87
034 036 9272
0.05 0.08 56.18

63.44
93.81

90.01

40.76

75.57
95.58

93.19

69.54

Number of Fruits per Plant

0.25
0.40

0.39

0.28

0.10
0.42

0.35

0.08

88.95
93.92

94.2

90.69

Soluble solids content

0.20
0.39

0.41

0.21

0.14
0.44

0.38

0.20

85.88
93.91

94.54

87.01

73.36
94.53

92.85

69.38

26.93
94.97

83.74

33.73

PC: principal components; SA: structural analysis

N°(80%)

Exp1

14.71
7.71

6.84

9.84

15.56
8.32

8.24

12.32

349.12
6.26

7.53

74.8

11.91
5.90

6.23

9.86

15.77
6.23

5.54

14.32

Exp2

24.86
3.80

8.01

37.31

55.31
6.32

10.64

139.51

31.02
4.43

7.01

42.03

34.85
5.55

7.38

42.36

260.35
5.07

6.40

188.59

NO(85%)

Exp1

20.85
10.92

9.69

13.90

22.05
11.86

11.68

17.46

495.49
8.87

10.67

106

16.88
8.37

8.79

13.55

22.35
8.83

7.83

20.28

Exp2

35.22
5.35

11.30

52.8

78.36
8.96

15.08

197.61

43.94
6.28

9.93

59.55

49.37
7.86

10.46

60.01

368.81
7.19

9.07

267.11

N°(90%)

Exp1

33.11
17.35

15.39

22.15

35.02
18.83

18.56

27.73

785.51
14.09

16.91

168.59

26.80
13.28

13.81

22.16

35.51
14.03

12.47

32.22

Exp2

55.90
8.50

18.01

83.90

124.41
14.23

23.95

313.81

69.79
9.97

15.78

95.41

78.41
12.48

16.61

95.32

585.79
11.42

14.41

424.21

NO(95%)

Exp1

69.90
36.63

32.53

46.76

73.94
39.76

39.18

58.54

1658.21
29.74

35.79

355.59

56.59
28.04

29.49

46.78

74.94
29.62

26.32

68.02

Exp2

118.10
17.89

38.02

177.30

262.71
30.05

50.57

662.59

147.35
21.06

33.31

199.60

165.51
26.50

35.07

201.23

1236.69
2411

30.42

885.61

N°(99%)

Exp1

364.30
190.87

169.41

243.60

385.31
207.17

204.15

305.07

8640.39
155

186.49

1852.79

294.89
146.15

153.65

243.69

390.50
154.34

137.17

354.39

Exp2

615.40
93.50

198.09

923.58

1369
156.60

263.40

3452.50

767.79
109.83

199.68

1040.50

862.59
137.41

182.73

1048.50

6443.71
125.61

158.47

4666.49

DISCUSSION

Of the five characteristics evaluated, only TFD and LFD showed significant variation in all environments. AFM showed significant variation in three
environments, and NFP and SSC in two environments. Considering that four accessions were common in all experiments, we believe that excessive

environmental variance was the main cause of not finding significant difference between the accession for AFM, NFP and SSC in some environments. Thus,
there is potential for genetic improvement, but it is necessary to better control the environment, through improved cultural treatments, irrigation system and
control of pests and diseases. Furthermore, the addition of new accessions from different origins can increase the genetic variability.
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Fruits that present larger size and mass are more favored by commerce (Melo et al. 2017). Oliveira et al. (2011), evaluating physical, physicochemical
characteristics and technological potential of camapu fruits, found mean values of 4.33 g, 21.7 mm and 18.6 mm, respectively, for the characteristics fruit
weight, length and width. Tanan et al. (2018) found for P angulata the average of 16.3 mm for transverse diameter and 15.4 mm longitudinal diameter. In the
present study, mean values of close to 13 mm (TFD and LFD) and 1.4-1.8 g (AFM) were found in the experimental field, and value close to 12 mm (TFD and
LFD) and 1.2 g (AFM) were found in the greenhouse. The differences found between these values in the all environments may be due to the environmental
variation found in these locations, including attacks by powdery mildew on the plants in Exp1-GH, as well as the possible effect of the genotype x environment
interaction.

Working with the same species in the same location, Silva et al. (2008) found an average of 8.5 mm (TFD), 8.6 mm (LFD) and 0.38 g (AFM), with coefficient of
variation of 15.18%, 15.09% and 40.77%, respectively. However, Rufato et al. (2013) reported that the ripe fruit of P angulata has an average diameter up to 15
mm, values higher than those found in the experiments of this study. Evaluating the fruits of P peruviana, Rodrigues et al. (2014) found mean values of
transverse and longitudinal diameters of 16.89 mm and 18.17 mm, respectively, in addition to a mean fruit mass of 2.843 g. It is notable that the fruit size of P
peruviana is larger than P angulata.

Working on diallel analysis for morphoagronomic descriptors of P angulata hybrids, Farias et al. (2022) found no significant genetic variance for weight of
fruits per plant and NFP traits, but found genetic variation for plant height and SSC traits. The authors suggested that genetic variation within accessions and
environmental variation may have been the reason for high residual variation in NFP. In the present work, NFP showed significant genetic variation in the
greenhouse in both experiments, with a higher mean in Exp2. One of the factors that may have led to a better result in our study is the number and
composition of the experimental plots. In the present study, the experiments were carried out with 24 repetitions with one plant per experimental plot, while
Farias et al. (2022) used three repetitions with four plants per experimental plot. Our results suggest that is better to invest in a greater number of repetitions
than experimental plots with more plants.

It can be seen that the AFM trait showed significant variation at 1% of probability in both experiments in the field. On the other hand, in the greenhouse, there
was significant variation only in Exp2. This result indicates the possibility of selection among the evaluated accessions to advance the improvement of the
species, based on this characteristic, although considerable residual variation is observed in some situations.

The average SSC character in this study varied from 9.23 °Brix (Exp2-GH) to 13.58 °Brix (Exp1-EF), according to Tables 2 and 3. However, there was no
significant variation in Exp2. These results can be explained, besides the high variation in the locations of the experiments, in part, due to the way of storing P
angulata fruits before the evaluation of this characteristic in the second experiment, when the fruits were frozen and stored in freezer. In Exp1, the fruits were
stored in refrigerator (without being frozen).

According to Lima et al. (2009), for the commercialization of physalis (P peruviana) fruits, the minimum value should be 14° Brix. Evaluating P angulata
fruits, Farias et al. (2022) found SSC values ranging from 10.73 to 12.90 °Brix, while Sadyah et al. (2020) found values between 9.06 to 11.66 °Brix, and
Golubkina et al. (2018) found values between 4.9 and 9.7 °Brix. Considering these studies, the average value of 13.58 °Brix found in Exp1-EF was the closest
to 14 °Brix, indicating that the P angulata species has the potential to reach the minimum SSC value required for P peruviana commercialization, since several
fruits presented values above 14 °Brix. It is noteworthy that the accession BAAN-04 showed an average of 15.21 °Brix in Exp1-EF, exceeding the minimum
threshold for the market.

In breeding programs, the traits that have higher heritability coefficients are interesting and provide greater chance of gain by selection (Londero et al. 2006;
Ramalho et al. 2012). However, the most important traits for the crop can be of low heritability. In this work, a high heritability in experimental field was found
in Exp2 for the characters TFD (91.9%) and AFM (91.44%). In the greenhouse, LFD (78.44%) Epx2 and NFP (75.66%) showed the highest heritability (Exp1).
The highest heritability values were found, in general, in the field experiments. Considering that these are probably quantitative traits, the values found in our
study indicate great chances of gain with selection.

Few studies estimating heritabilities for P angulata fruits are found in the literature. Farias et al (2022) found broad-sense heritability values for plant height
(53%) and SSC (41%), after evaluating eleven vegetative and productive traits. This SSC value was considerably lower than those found in this work in Exp1 in
the field (77.06%) and greenhouse (65.19%), indicating that increasing the number of repetitions can lead to increased heritability for fruit traits. Working with
P, peruviana, Kumar et al. (2017) found high heritability values for the characters fruit diameter (96.89%), fruit per plant (82.72%) and plant height (51.27%).
High heritability in tomato plants for the trait fruit per plant (84-99.5%) was also found by Basavaraj et al. (2015).

The different values of the CV found in the experiments in the two locations justify the need to estimate the coefficient of repeatability. The values of CV found
in both environments, greenhouse and experimental field, for all characteristics, can be explained by the possible genetic variability within the accessions and
the influence of the environment, as previously commented. Moreover, these accessions are still in the domestication stage and have not undergone the
improvement process. A recent study classified the species as being facultative autogamous (Figueiredo et al. 2020), occurring intense visitation by bees
during cultivation, indicating the possibility that the accessions are not homozygous lines, but have some level of heterozygosity. In addition, because the
species is tetraploid, the elimination of heterozygotes during generations of self-fecundation is slower compared to diploid species. These facts increase the
chance of genetic variability within the accessions.

Resende (2009) classified the repeatability coefficients: values less than or equal to 0.3% are considered low, between 0.3% and 0.6% average, and greater
than or equal to 0.6% are high. According to this standard, in our study, the repeatability coefficient was low for ANOVA and structural analysis, for all
characters evaluated, and medium for estimation by principal components in the most traits and environments (Tables 4 and 5). For the SSC in Exp1-EF, the
repeatability coefficient was 0.72, estimated by PC-cov method, being considered high. In the greenhouse, the values found for repeatability coefficients can be
classified as average by the principal components, and the highest value was found in LFD (0.51 in Exp2), estimated by the PC-cov method.
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NFP is an important trait controlled by several genes and severed influenced by the environment. The repeatability values of this characteristic do not exceed
0.40, according to Lira Junior et al. (2014) in Spondia purpurea. This agreed to the experiments in the greenhouse, for which we found 0.40 in Exp1 and 0.42 in
Exp2. For the experiments in the field, this character did not show significant variation. Similar values of r were found for NFP in tomato, varying from 0.3 to
0.52 (Gonzalo et al. 2022).

Only one study about repeatability in Physalis fruits was found in the literature. Silva et al. (2008), using PC-cor method to estimate repeatability coefficient in
P angulata found values between 0.2826 and 0.3765, for the characteristics number of seeds per fruit and volume of the internal cavity, respectively. The
authors also estimated r for SSC (0.2389), AFM (0.2893) TFD (0.3233) and LFD (0.3233). These values were low compared to those found in this work.
Studies with tomato (Abreu et al. 2006) and pout pepper (Lucio et al. 2022) showed repeatability coefficients close to the founds in our study.

A major application of the repeatability coefficient is to allow the estimation of the number of measurements required to reach a level of reliability in
estimating the value of a genotype. The higher the value of the repeatability coefficient, the better the actual value of the individual can be predicted with a
small number of repeated measurements; however, a large number of measurements is necessary when this value is low. With a 95% reliability in mind, in the
experimental field, 7 to 21 repetitions are needed in Exp1 and 18 to 38 repetitions in Exp2. In the greenhouse, 13 to 22 replicates are needed in Exp1 and 20 to
49 replicates in Exp2. With 99% reliability, in the field, 67 to 124 repetitions were needed in Exp1, and 95 to 255 repetitions in Exp2. In the greenhouse, 137 to
207 measurements were needed in Exp1 and 94 to 200 measurements in Exp2. Thus, reaching 99% reliability proves to be unfeasible, but reaching 95%
reliability may be feasible for some characteristics in the experimental field, such as LFD (21), TFD (18), AFM (13), and SSC (7). In the greenhouse, with 90%
confidence, the minimum number of measurements is around 14 (AFM, TFD, SSC), 12 (NFP) and 11 (SSC).

The high number of repetitions required according to our study may be due to the fact that the accessions have not yet been fully domesticated, the possibility
of genetic variation within accessions, and the environmental variation, as previously discussed. Indeed, the plants suffered several attacks of pests and
diseases, including African snail (Achatina fulica), slugs, whitefly (Bemisia tabaci), mites (Aceria anthocoptes), powdery mildew, and other environmental
factors. This set of factors justifies the residual variation obtained in both environments. Estimating the minimum number of repetitions is an alternative to
achieve good estimates of genetic parameters with the efficient use of plant genetic resources.

According to the results found for repeatability coefficient by principal component analysis, in view of the standardization of the number of repetitions in
studies with P angulata, we found higher results in the estimation of the number of repetitions based on this method than the others (ANOVA, and structural
analysis). Taking all the experiments together, we considered that 20 measurements can provide about 95% reliability for field experiments and 90% reliability
for greenhouse experiments for all traits. Further studies on repeatability in P angulata are suggested to increase the efficiency of the selective process in the
genetic improvement of the species.

CONCLUSIONS

The characters TFD, LFD, AFM and SSC showed significant genetic variability in the experimental field in both experiments. In the greenhouse, all traits had
significant variation in at least one experiment.

Heritability values ranged from 61.63% (TFD in Exp2-GH) to 91.91% (TFD in Exp2-EF). These values indicate good chances of success in genetic improvement
of these traits.

The principal components method, based on the covariance or correlation matrices, estimated the highest repeatability coefficients in both environments,
ranging from 0.51 (TFD) to 0.72 (SSC) in the experimental field, and from 0.40 (NFP) to 0.51 (LFD) in the greenhouse. We suggest the use of 20 repetitions as
number of measurements required for the traits evaluated to achieve 95% and 90% reliability for experimental field and greenhouse experiments, respectively.
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