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ABSTRACT. Anthracnose is among the major diseases of the Capsicum 
culture. It is caused by different species of the genus Colletotrichum, 
which may result in major damages to the cultivation of this genus. 
Studies aiming to search for cultivars resistant to diseases are essential 
to reduce financial and agricultural losses. The objective of this 
study was to evaluate the correlation between the variables analyzed 
to select Capsicum genotypes resistant to the fungus Colletotrichum 
gloeosporioides. The experimental design was completely randomized 
blocks with three replications, 88 treatments, four ripe fruits, and 
four unripe fruits per replication. Accessions of Capsicum from the 
Germplasm Active Bank of Universidade do Estado de Mato Grosso 
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(UNEMAT) were evaluated as for resistance to the fungus. Fruits were 
collected from each plot and taken to the laboratory for disinfestation. 
A lesion was performed in the middle region of the fruit using a sterile 
needle, where a spore suspension drop, adjusted to 106 spores/mL, was 
deposited. An ultrapure water drop was deposited into control fruits. 
The fruits were placed in humid chambers, and the evaluation was 
performed by measuring the diameter and the length of lesions using 
a caliper for 11 days. After data were obtained, analyses of variance, 
correlation, and path analysis were performed using the GENES 
software and R. According to the likelihood-ratio test, the effects of 
genotypes (G), fruit stage (F), and its interaction (G x F) were significant 
(P < 0.05). There were differences between the magnitudes of genotype 
correlations according to fruit stage. Different variables must be taken 
into account for an indirect selection in this culture in function of fruit 
stage since the variable AUDPC is an important criterion for selecting 
resistant accessions. We found through the path analysis that the 
variables DULRD and DULRL exerted the greatest effects on AUDPC.
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INTRODUCTION

Hot and sweet peppers are part of the Solanaceae family and the genus Capsicum, 
with over 31 described species. Only five of them are domesticated (Capsicum annuum var. 
annuum; Capsicum baccatum var. pendulum and umbilicatum; Capsicum chinense; Capsicum 
frutescens; and Capsicum pubescens) (Moscone et al., 2007). Capsicum species are known 
for their high variety of shapes, colors, and fruit sizes and by poignancy in most species, 
attracting the attention of various business sectors (Da Silva et al., 2011). Among the botanical 
characteristics of these species, hermaphrodite and autogamous flowers can be mentioned. In 
many Capsicum species, allogamy rates may reach 90%, being classified as an intermediate or 
optional allogamy. Flowers have a cup with five to eight sepals and a corolla with five to eight 
petals. They are commonly used for species identification (Costa et al., 2008).

Even taking all the necessary precautions indicated for the planting and the 
maintenance of the culture besides the inclusion of new technologies to the production system, 
various pests and diseases cause damage to the cultivation of sweet and hot peppers. It is a 
limiting factor to production and fruit quality. Among the major diseases of Capsicum, there 
is anthracnose (França et al., 2015). Anthracnose in Capsicum is a disease with a complex 
etiology caused by different species of Colletotrichum such as C. gloeosporioides, C. capsici, 
C. acutatum, C. dematium, and C. coccodes. The species C. gloeosporioides and C. acutatum 
are the most relevant. They are mentioned as the main species causing anthracnose in Brazil. 
Anthracnose in Capsicum is a commercially important disease. Its occurrence in producing 
areas is a limiting factor to production, as it has a high potential to cause losses of up to 100% 
in the quantity and quality of production, resulting in great losses to the producer and the 
local agriculture, especially during fruit storage. The spread of the fungus usually happens in 
crops in open field during hot and wet periods and where there is the presence of water. It is 
considered a fruit disease, causing great losses in yield and liquidity during the post-harvest 
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stage. In fruits, the pathogen causes necrotic and circular lesions with a dark color, whose 
diameters may vary, where a conidial mass emerges and spreads (Pereira et al., 2011).

Research has been developed with the purpose of launching materials resistant to 
various pathogens, including anthracnose, but the progress towards achieving a durable 
resistance has been limited by the lack of natural resistance in Germplasm banks of C. annuum 
(Ranathunge et al., 2012). Due to huge losses caused by anthracnose, it is essential that studies 
be conducted to increase the knowledge about its biology, genetics, and pathogenesis to reduce 
financial and agricultural losses caused by the fungus C. gloeosporioides.

Most plant breeding programs aim to search for improvements in some traits with an 
agronomic interest, in which multiple traits are considered simultaneously during the assessment 
aiming to achieve the desired results by the breeder. Correlation studies seek to understand the 
relation that such characteristics present among themselves, which may result in the potentiation 
of the genetic gain in later generations, or to choose a material of interest (Borges et al., 2011).

However, correlation studies typically estimate the connection between variables in 
pairs regardless of their causes. Therefore, studies presenting more details about such relations 
among characteristics are fundamental, such as path analysis, developed by Wright (1921), 
which allows a better analysis of correlation coefficients in direct and indirect effects on an 
evaluated trait, with the variables previously standardized (Oliveira et al., 2011).

Thus, the objective of this study was to evaluate the correlation among the variables 
analyzed to select Capsicum genotypes resistant to the fungus C. gloeosporioides.

MATERIAL AND METHODS

Experiment conditions

The study was conducted at Universidade do Estado de Mato Grosso (UNEMAT), in 
the city of Cáceres, Mato Grosso (MT) State. According to the Köppen classification, the area 
has a hot and humid tropical climate, with a dry winter (Awa), a rainy period of 4 months, and 
a dry season of 8 months, with an average annual temperature of 26°C (Neves et al., 2011). 
The accessions were collected from several farms in the southwestern region of the MT State, 
and the seeds were stored in the Germplasm Active Bank of the Plant Breeding Laboratory 
(LMGV) in a refrigerator at ±3°C.

The cultivation of pepper plants was conducted in a randomized block design with 
three replications and two plants per replication. Initially, the production of Capsicum sp 
seedlings was performed in a protected environment. After 45 days, the seeds were planted 
in beds with a spacing of 0.8 m between plants and 1.2 m between rows. Cultural treatments 
were performed as recommended for the culture according to Filgueira (2013). The irrigation 
system was set by dripping, and automatically compensate drops were used.

Evaluation of resistance of Capsicum fruits to C. gloeosporioides

Ripe and unripe fruits were harvested from each plot 50 days after anthesis, taken to 
the LMGV for disinfestation in 70% alcohol and sodium hypochlorite (0.5%), and rinsed in 
sterile distilled water for 1 min during each step. After disinfection, the fruits were packed in 
polystyrene trays covered with a transparent plastic bag containing pieces of moistened filter 
paper inside to establish a wet room. Eighty-eight accessions of Capsicum spp (Table S1) 
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were evaluated for resistance to the fungus C. gloeosporioides in a completely randomized 
experimental block design with three replications, with four unripe fruits, and four ripe fruits 
per replication.

To prepare the inoculation, the fungus C. gloeosporioides was grown in a PDA culture 
medium (potato dextrose agar) and kept in BOD with a photoperiod of 12 h at 24°C for 7 
days. After this period, the spore suspension was adjusted to 106 conidia/mL using a mirrored 
Neubauer chamber.

The inoculation was made by a lesion in the middle region of each fruit using a sterile 
needle, followed by fungus inoculation by depositing a droplet containing 20 μL of the spore 
suspension in three ripe fruits and three unripe fruits. The control comprised the deposition of 
20 μL sterile distilled water into one unripe fruit and one ripe fruit from each plot.

The trays were in an environment with controlled temperature and photoperiod of 
approximately 24°C and 12 h, respectively, for 13 days. The following variables (Maracahipes 
et al., 2016) were daily monitored to evaluate the resistance of Capsicum fruits to C. 
gloeosporioides: a) Incubation period (IP) - the period from the inoculation of the pathogen 
until the onset of the symptoms in the fruit. b) Latent period (LP) - the period from the 
inoculation of the pathogen until the appearance of the first reproduction structures. c) Days 
until lesion reaches 50% of the fruit length (DULR50L) - number corresponding to the number 
of days the lesion took to reach 50% of the fruit within the evaluation period of 11 days. d) 
Days until lesion reaches 50% of the fruit diameter (DULR50D) - number corresponding to 
the number of days the lesion took to reach 50% of the fruit diameter within the evaluation 
period of 11 days. e) Lesion diameter 7 days after inoculation (LD7) - diameter of the lesion of 
each fruit in each replication at the seventh day of evaluation. f) Lesion length 7 days after the 
inoculation (LL7) - length of the lesion of each fruit in each replication at the seventh day of 
evaluation. g) Lesion diameter ratio (LDR): (lesion diameter x 100) / fruit diameter. h) Lesion 
length ratio (LLR): (lesion length x 100) / fruit length. i) Area under the disease progress curve 
(AUDPC) - the area was calculated for each evaluation date for each fruit analyzed following 
the formula: (*diameter*length) / 4. Then, the AUDPC was calculated using the formula of 
Shaner and Finney (1977), determining a mean for each replication.

Statistical analyses

Initially, an analysis of variance was performed for each variable according to the 
mixed linear model in Equation 1:

     ij i j ij ijY µ G F GF e= + + + + (Equation 1)

where Yij evaluates the i-th genotype at the j-th fruit stage; μ is the overall experiment mean; Fj 
is the fixed effect of the j-th fruit stage; Gi is the random effect of the i-th genotype; GFij is the 
random effect of the interaction between genotypes x fruit stages; and eij is the random error 
associated with the observation Yij.

The genotypic correlations (r) between pairs of variables were estimated by Equation 2:
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where G(xy)COV  is the genotypic covariance between the characters X and Y; 2
Gxσ̂   is the 

genotypic variance of the variable X; and 2
Gyσ̂   is the genotypic variance of the variable Y. The 

genotypic correlations were tested by the Mantel test with 5000 simulations.
To graphically express the functional relationship between the estimates of the 

coefficients of genetic correlations among variables, the correlation network was used, where 
the proximity of nodes (traits) is proportional to the absolute value of the correlation between 
these nodes. Only |rij| ≥ 0.60 has its emphasis on edges: the positive correlations are highlighted 
in green, the negative correlations are represented in red.

Then, the diagnosis of multicollinearity of the X’X correlation matrix was performed 
according to the classification of Montgomery and Peck (2001). The path analysis, considering 
the AUDPC as the primary dependent variable for each fruit stage, was performed according 
to the model described in Equation 3:

ε821 pLLRβ...LPβIPβAUDPC   (Equation 3)

where β1, β2, ..., β7 are the estimators of the direct effects of the variables IP, LP, DULR50D, 
DULR50L, LD7, LL7, LDR, and LLR on AUDPC; and εp   is the residual effect of the analysis. 
Thus, the normal equation system YX'β̂XX'    was used to estimate the direct and indirect 
effects of each explanatory variable on the AUDPC according to Equation 4:
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 (Equation 4)

For each path analysis, the coefficient of determination (R2) and the residual effect ( εp̂  ) 
were obtained by the Equations 5 and 6, respectively:

(Equation 5)LLRxAUDOC7LPxAUDPC2IPxAUDPC1 rβ̂...rβ̂rβ̂²R 
 

(Equation 6)²R-1p̂ε   

All statistical analyses were performed using the GENE free software (Cruz, 2013) 
and R (R Core Team, 2015) with the help of the packages “lme4” and “qgraph”, and followed 
the procedures recommended by Cruz et al. (2012).

RESULTS AND DISCUSSION

Model adjustment and genotypic correlations

It is possible to observe in Table 1 that the effects of genotypes (G), fruit stage (F) and 
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their interaction (G x F) were significant (P < 0.05) according to the likelihood-ratio test for all 
variables. The inclusion of these effects in the full model provided the lowest values   according to 
the Akaike and Bayesian information criterion when the reduced models were compared. These 
results indicate that there is a differential response of genotypes in function of fruit stage for all 
traits evaluated. Therefore, the genetic correlations were estimated between the pairs of variables 
for each fruit stage (green and ripe). The path analysis was performed in function of them.

Table 1. Akaike (AIC) and Bayesian (BIC) information criterion and likelihood-ratio test (LRT) of the effects 
tested for nine variables evaluated in fruits of 88 Capsicum sp accessions.

*Significant at 1% probability by the chi-square test; IP: incubation period; LP: latent period; DULR50D: days until 
lesion reaches 50% of the diameter; DULR50L: days until lesion reaches 50% of the length; LD7: lesion diameter 7 
days after the inoculation; LL7: lesion length 7 days after the inoculation; LDR: lesion diameter ratio; LLR: lesion 
length ratio; AUDPC - area under the disease progress curve.

Trait Effect AIC BIC LRT 
IP Genotype (G) 1221.9 1234.4 314.6* 

Fruit stage (F) 1448.4 1460.9 88.1* 
G x F 1175.3 1187.8 45.1* 
Full model 1137.8 1158.6 - 

LP Genotype (G) 1393.0 1405.5 31.7* 
Fruit stage (F) 1609.3 1621.8 248.0* 
G x F 1384.3 1396.8 23.0* 
Full model 1353.0 1373.8 - 

DULR50D Genotype (G) 2194.8 2207.3 258.5* 
Fruit stage (F) 2248.8 2261.3 312.5* 
G x F 1950.2 1962.6 13.9* 
Full model 1940.3 1961.1 - 

DURD50L Genotype (G) 2780.3 2792.8 274.8* 
Fruit stage (F) 2846.0 2858.5 340.5* 
G x F 2520.7 2533.2 15.2* 
Full model 2509.5 2530.4 - 

LD7 Genotype (G) 2446.4 2458.9 169.2* 
Fruit stage (F) 2559.4 2571.9 282.2* 
G x F 2305.1 2317.6 27.9* 
Full model 2281.2 2302.0 - 

LL7 Genotype (G) 2831.8 2844.3 182.0* 
Fruit stage (F) 2968.9 2981.4 319.1* 
G x F 2664.0 2676.5 14.2* 
Full model 2653.8 2674.6 - 

LDR 
 

Genotype (G) 3513.5 3526.0 30.0* 
Fruit stage (F) 3599.4 3611.9 86.2* 
G x F 3547.0 3559.5 33.8* 
Full model 3517.2 3538.1 - 

LLR 
 

Genotype (G) 3899.3 3911.8 24.8* 
Fruit stage (F) 4244.8 4257.3 370.3* 
G x F 3953.5 3966.0 79.0* 
Full model 3878.5 3899.3 - 

AUDPC Genotype (G) 7312.4 7324.9 67.2* 
Fruit stage (F) 7727.6 7740.1 482.4* 
G x F 7326.2 7338.7 81.0* 
Full model 7249.2 7270.0 - 

 

Table 2 shows estimates of the correlations between vectors of genetic values predicted 
by BLUP for fruits at the green (lower diagonal) and ripe (upper diagonal) stages. It is possible 
to verify that there were differences between the magnitudes of genotypic correlations 
according to fruit stage, with a high magnitude between the variables IP x LP and LL7 x LD7 
at the two stages. The variable AUDPC correlated positively with the variable LL7 when fruits 
were at the green stage, but, at the ripe stage, this correlation had a low magnitude. For the ripe 
stage, the variables DULRD and DULRL correlated positively with AUDPC. As AUDPC is 
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one of the most important variables in the selection of Capsicum sp genotypes, as for reaction 
to the fungus C. gloeosporioides, these results indicate that different variables should be taken 
into account for the indirect selection in this culture in function of fruit stage.

Table 2. Genotypic correlations between the variables incubation period (IP), latent period (LP), days until 
lesion reaches 50% of the diameter (DULR50D), days until lesion reaches 50% of the length (DULR50L), 
lesion diameter 7 days after the inoculation (LD7), lesion length 7 days after the inoculation (LL7), lesion 
diameter ratio (LDR), lesion length ratio (LLR), and area under the disease progress curve (AUDPC) evaluated 
in fruits of 88 Capsicum sp accessions at the green (diagonal lower) and ripe (upper diagonal) stages.

*Significant at 5% probability by the Mantel test based on 5000 simulations.

Trait IP LP DULRD DULRL LD7 LL7 LDR LLR AUDPC 
IP - 0.882* -0.484 -0.537* 0.245 0.285 -0.089 -0.181 -0.484 
LP 0.838* - -0.388 -0.428 0.159 0.190 -0.025 -0.092 -0.350 
DULRD 0.065 0.177 - 0.762* -0.544* -0.458 0.070 0.199 0.713* 
DULRL 0.113 0.139 0.316 - -0.490 -0.374 0.129 0.215 0.784* 
LD7 -0.446 -0.298 -0.037 -0.057 - 0.756* 0.100 -0.087 -0.366 
LL7 -0.347 -0.231 -0.275 0.023 0.650* - 0.129 -0.233 -0.272 
LDR -0.152 -0.040 -0.314 0.030 0.203 0.349 - 0.479 0.247 
LLR -0.267 -0.242 -0.144 -0.090 0.256 0.300 0.459 - 0.247 
AUDPC -0.346 -0.197 0.256 0.026 0.491 0.546* 0.033 0.238 - 

 

Figures 1 and 2 express a graphical representation of the variables according to the 
magnitudes of the genetic correlations among the variables in fruits at the green and ripe 
stages, respectively. Variables with high correlations are closer and linked by more expressive 
traits. The efficiency of this innovative technology has already been reported in studies on 
tomato (Ursem et al., 2008; DiLeo et al., 2011) and pepper (Silva et al., 2016). Correlation 
networks facilitate the interpretation of correlations between traits, thus making it easier to 
observe which traits can be used for an indirect selection when it is favorable.

Figure 1. Correlation network between the variables incubation period (IP), latent period (LP), days until lesion 
reaches 50% of the diameter (DULR50D), days until lesion reaches 50% of the length (DULR50L), lesion diameter 
7 days after the inoculation (LD7), lesion length 7 days after the inoculation (LL7), lesion diameter ratio (LDR), 
lesion length ratio (LLR), and area under the disease progress curve (AUDPC) evaluated in fruits of 88 Capsicum 
sp accessions at the green stage.
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Despite the magnitude of the correlations being changed in function of fruit stage, it 
is possible to verify that the variables LLR and LDR are farther apart from the other variables 
measured. Thus, for future studies, these variables may not be evaluated, which may reflect a 
lesser demand of time and hand labor to conduct experiments of this nature.

Although important, the genotypic correlation coefficient may give rise to 
misconceptions about the relationship between two variables. It may not be an actual measure 
of cause and effect. A high or a low estimate may be the result of the effect that a third variable 
or a group of variables exerts on a pair, thus not giving the exact relative importance of the 
direct and indirect effects of these factors (Cruz et al., 2012). Therefore, the path analysis was 
performed. It investigates the cause and effect relationship between explanatory variables and 
the main dependent variable (AUDPC).

However, to accurately obtain the direct and indirect effects in a path analysis, it is 
necessary the good conditioning of the X’X matrix. Under multicollinearity, direct and indirect 
effects may assume values   higher than the parameter space of the path coefficients, making 
them unreliable (Cruz et al., 2012). According to the criteria presented by Montgomery and 
Peck (2001), the matrix of estimates of genetic correlations showed a weak multicollinearity 
for both path analyses because the condition number was less than 100. Therefore, all variables 
were used in the path analysis for unripe and ripe fruits of Capsicum spp.

According to the path analysis for fruits at the green stage (Table 3), it was found that 
the variables DULRD and DULRL exerted the greatest effects on AUDPC. These variables 
also present genotypic correlations with a high magnitude with AUDPC in the same direction 
of these effects, which translates into a cause and effect relation. Furthermore, these variables 

Figure 2. Correlation network between the variables incubation period (IP), latent period (LP), days until lesion 
reaches 50% of the diameter (DULR50D), days until lesion reaches 50% of the length (DULR50L), lesion diameter 
7 days after the inoculation (LD7), lesion length 7 days after the inoculation (LL7), lesion diameter ratio (LDR), 
lesion length ratio (LLR), and area under the disease progress curve (AUDPC) evaluated in fruits of 88 Capsicum 
sp accessions at the ripe stage.
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exert indirect effects on other variables such as IP, LD7, and LL7. The variable IP directly 
affects AUDPC with a moderate magnitude and may also be used for indirect selection because 
it presents genetic correlations in the same direction, besides ease of measurement.

Table 3. Direct and indirect effects of the variables incubation period (IP), latent period (LP), days until lesion 
reaches 50% of the diameter (DULR50D), days until lesion reaches 50% of the length (DULR50L), lesion 
diameter 7 days after the inoculation (LD7), lesion length 7 days after the inoculation (LL7), lesion diameter 
ratio (LDR), lesion length ratio (LLR) on the area under the disease progress curve (AUDPC) evaluated in fruits 
of 88 Capsicum sp accessions at the green stage.

Effect IP LP DULRD DULRL LD7 LL7 LDR LLR 
Direct on AUDPC -0.220 0.175 0.306 0.525 0.026 0.058 0.132 0.002 
Indirect by IP - -0.194 0.106 0.118 -0.054 -0.063 0.020 0.040 
Indirect by LP 0.155 - -0.068 -0.075 0.028 0.033 -0.004 -0.016 
Indirect by DULRD -0.148 -0.119 - 0.234 -0.167 -0.140 0.021 0.061 
Indirect by DULRL -0.282 -0.225 0.400 - -0.257 -0.196 0.068 0.113 
Indirect by LD7 0.006 0.004 -0.014 -0.013 - 0.020 0.003 -0.002 
Indirect by LL7 0.016 0.011 -0.026 -0.022 0.044 - 0.007 -0.013 
Indirect by LDR -0.012 -0.003 0.009 0.017 0.013 0.017 - 0.063 
Indirect by LLR 0.000 0.000 0.000 0.000 0.000 -0.001 0.001 - 
Indirect by IP -0.484 -0.350 0.714 0.784 -0.367 -0.272 0.247 0.247 
Coefficient of determination = 0.683 
Effect of the residual variable = 0.563 

 

The identification of the characters that present high genetic correlations and exert a high 
direct effect, in the same direction, on the main trait is desirable because the response correlated by 
indirect selection can be effective. However, it is important to mention that the variables DULRD 
and DULRL present a positive genotypic correlation with a high magnitude (0.762), and both 
present a negative correlation with a low magnitude with IP. This indicates that the indirect selection 
of genotypes with a high IP and low DULRD and DULRL provides a decrease in AUDPC.

For the path analysis performed on ripe fruits (Table 4), it was observed that the 
variables LL7 and DULRD exerted the greatest direct effects on AUDPC. However, it is 
important to consider that the genotypic correlation between DULRD and AUDPC was of 
low magnitude, indicating that the indirect selection via DULRD may not be effective, mainly 
due to the indirect effect of LL7 by DULRD. Therefore, only the influence of LL7 can be 
considered a cause and effect relation for AUDPC.

Effect IP LP DULRD DULRL LD7 LL7 LDR LLR 
Direct on AUDPC -0.172 0.062 0.430 -0.095 0.048 0.597 -0.130 0.129 
Indirect by IP - -0.144 -0.011 -0.019 0.077 0.060 0.026 0.046 
Indirect by LP 0.052 - 0.011 0.009 -0.019 -0.014 -0.002 -0.015 
Indirect by DULRD 0.028 0.076 - 0.136 -0.016 -0.119 -0.135 -0.062 
Indirect by DULRL -0.011 -0.013 -0.030 - 0.005 -0.002 -0.003 0.009 
Indirect by LD7 -0.022 -0.014 -0.002 -0.003 - 0.031 0.010 0.012 
Indirect by LL7 -0.207 -0.138 -0.164 0.014 0.388 - 0.208 0.179 
Indirect by LDR 0.020 0.005 0.041 -0.004 -0.026 -0.045 - -0.060 
Indirect by LLR -0.035 -0.031 -0.019 -0.012 0.033 0.039 0.059 - 
Indirect by IP -0.346 -0.198 0.256 0.026 0.491 0.546 0.033 0.238 
Coefficient of determination = 0.685 
Effect of the residual variable = 0.531 

 

Table 4. Direct and indirect effects of the variables incubation period (IP), latent period (LP), days until lesion 
reaches 50% of the diameter (DULR50D), days until lesion reaches 50% of the length (DULR50L), lesion 
diameter 7 days after the inoculation (LD7), lesion length 7 days after the inoculation (LL7), lesion diameter 
ratio (LDR), lesion length ratio (LLR) on the area under the disease progress curve (AUDPC) evaluated in fruits 
of 88 Capsicum sp accessions at the ripe stage.
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The variable AUDPC is an important criterion for selecting Capsicum sp accessions 
with a greater resistance to the fungus C. gloeosporioides. The standard estimator of AUDPC 
comprises the equation developed by Shaner and Finney (1977) using the trapezoidal rule for 
calculation and considering the information from multiple severity evaluations providing a 
single estimate. Thus, the evaluation of this variable represents a considerable investment of 
time, space, and economic and human resources. The identification of the auxiliary variables 
that have a cause and effect relationship with this variable is a promising strategy to improve 
a breeding program of Capsicum spp from UNEMAT, as it will provide savings in hand 
labor and financial resources in future research. However, it is important to consider that 
the estimates of the coefficients of determination obtained at the two ripening stages showed 
moderate magnitudes. Although higher than the residual effect, it indicates that other variables 
should be measured in future studies.
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