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ABSTRACT - The aim of this study was to evaluate agronomic performance in cultivars of the Cavendish banana under the soil

and climate conditions of the microregion of Assis in the state of São Paulo over three production cycles. The experiment was set

up at the Fazenda São José Farm, Água do Pau d´Alho, in Palmital, São Paulo. The Grande Naine, IAC2001 and FHIA02 cultivars

were evaluated, considering the following variables: cultivar; plant height; pseudostem perimeter; number of leaves at fl owering and

harvest; number of days from planting to fl owering, from planting to harvest, and from fl owering to harvest; weight of the bunch, stalk

and fruit per bunch; number of hands per bunch; productivity of the fruit and pulp; weight and number of fi ngers on the second hand;

weight, length and diameter of the fi nger; pulp diameter; and weight and thickness of the peel. The data were subjected to multivariate

statistical techniques (principal component factor analysis, tree clustering, two-way joining, and correspondence). The results showed

the extraction of three principal factors that accounted for 89.63% of the total variance of the characteristics under analysis: banana

production (Factor 1), vegetative development (Factor 2), and cultivars and fruit diameter (Factor 3). The productive performance of

the FHIA02 cultivar was homogeneous and inferior to that of the other cultivars, as seen in the two-way joining cluster analysis. Only

the Grande Naine and IAC2001 cultivars are recommended for cultivation in the micro-region of Assis, São Paulo, with Grande Naine

showing the largest fruit and, especially, the largest pulp diameter.
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INTRODUCTION

The banana (Musa sp.) is one of the most important
crops worldwide, both in terms of production and cultivated
area. The fruit is part of the staple diet of various tropical
countries, such as Costa Rica, Panama, Colombia and
Venezuela, among others, and is an important source of
income for farmers (FAO, 2020; OLIVARES et al., 2022).

In Brazil, the banana is the second most important
fruit after the orange, not only because of the high
volume produced, but also because of its consumption
and commercialisation in the country (SEJAS, 2021); a
fruit that stands out for its many uses, not only traditional,
but also medicinal and nutritional, rich in carbohydrates,
and an excellent source of potassium, in addition to its
high energy potential (GERUM; SANTANA; ROCHA,
2020; IICA, 2021; RANJHA et al., 2020).

Banana production in 2019 was approximately 116
million tons worldwide (FAOSTAT, 2022), where Brazil
was the fourth largest producer, with 6.99 million tons
(AGRIANUAL, 2022). The state of São Paulo currently
produces most of the bananas in the country, with an estimated
productivity of 1.07 million tons per year (AGRIANUAL,
2022; TURCO; MARTINS; PINATTI, 2021).

Average productivity in the country is considered
low (15.0 t ha-1), especially compared to that of India
(35.2 t ha-1) and China (25.2 t ha-1), which are the main
producers worldwide (AGRIANUAL, 2022).

Phytosanitary problems, inadequate
management, and the reduced number of cultivars with
high productive potential adapted to the environmental
growing conditions, contribute to the low productivity
of Brazil (LIMA et al., 2018).

The main types of banana present in commercial
plantations in Brazil are Prata, Maçã, Cavendish and
Terra. The decision for choosing a cultivar for planting
depends mainly on the consumer market and whether
the fruit is destined for fresh consumption or for
industry. (SILVA; VALE; PEREIRA, 2019).

The regionalisation of banana cultivars,
characterised by their agronomic performance in
different environments, is fundamental to improving
productivity, but also to identifying genetic materials
that are tolerant to the main pests and diseases of the
crop: precocious, with low height and better vegetative
development, in order to improve banana farming in
various regions of Brazil (BORGES et al., 2011; LIMA
et al., 2018; ROQUE et al., 2014).

The microregion of Assis in the state of São Paulo
began cultivating the banana in the 1980s, focusing on
production of the Maçã cultivar; however, with the spread

of Panama disease, the cultivar became unviable and was
gradually replaced by cultivars of the Cavendish banana
(CAMOLESI et al., 2012).

During the 2016/17 campaigns of the most-recent
Census of Agricultural Production Units (LUPA Project)
carried out by the Department of Agriculture and
Supply (SAA), through the Coordinating Body for
Integral Technical Assistance (CATI) and the Institute of
Agricultural Economy (IEA), there were 923 ha in the
region cultivated with the banana, 321.7 of which were
in the district of Palmital (SÃO PAULO, 2019), showing
the importance of the region that was chosen for the trial.

Unlike univariate statistics, a set of multivariate
techniques has the aim of understanding diff erent phenomena
using a wide spectrum of variables that are to be analysed
together (MARQUES, 2018). According to Hair et al.
(2009), multivariate statistics makes possible an in-depth
understanding of the interrelations that exist between the
variables that make up a given experiment or set of data.

Such techniques, with emphasis on principal
component factor analysis and cluster analysis,
have been used in research on the banana with
different objectives, ranging from genetic evaluations
(BRANDÃO et al., 2013), diagnostics of soil fertility
and nutrition in banana plantations (GUIMARÃES;
GOD, 2021), plant health (THANGAVELU et al.,
2021), agronomic characterisations and evaluations
(GUECO et al., 2020), fruit quality (GIUGGIOLI;
PEANO; SILVA, 2020), economic viability (PAULA
et al., 2018), and purchase decisions in the modern
market (ISTIQOMATIN; SETIADI; EKOWATI, 2021).

The importance of cluster formation when
examining research using factor analysis is due to elements
included in these sets that explain, at least in theory, how
the variables are related to the factors being analysed
(MATOS; RODRIGUES, 2019).

The aim of this study was a comparative analysis
of vegetative development and production indicators
in cultivars of the Cavendish subgroup of the banana
(IAC2001, Grande Naine and FHIA 02), seeking to
identify which materials are most suitable for planting in
the microregion of Assis, in the state of São Paulo.

MATERIAL AND METHODS
The experiment was conducted at the Fazenda São

José Farm, Água do Pau d´Alho, in Palmital, São Paulo
(SP) (22º 49´ N, 50º 16´ S, altitude 400 m), in a dystroferric
Red Latosol with a very clayey texture (75% clay, 19%
silt, 6% sand). The climate is type Cfa (Koeppen), i.e.
moderately humid, no dry season, with rainfall during the
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driest month exceeding 30 mm. The accumulated monthly
rainfall (mm) and average maximum and minimum
temperatures (°C) from 2015 (planti ng) to 2017 (harvest of
the third production cycle) are shown in Figure 1.

Cultivars of the Cavendish subgroup of the
banana (Table 1) were evaluated during the three
initial production cycles. The experimental design was
of randomised blocks with four replications. Each plot
consisted of fi ve plants, spaced 2.5 m apart, with 3.5 m
between rows, giving a total of 1,140 plants per hectare.

The following parameters were evaluated: a) plant
height (m): obtained with the aid of a tape measure at
the time the bunch was emitted, referring to the distance

between ground level and the exit point of the stalk; b)
pseudo-stem perimeter (m): obtained with the aid of a
tape measure 30 cm from ground level at the time the
bunch was emitted; c) number of leaves at fl owering:
determined by counting the number of functional living
leaves (50% or more of the leaf blade green in colour)
on the mother plant at the time of fl owering; d) number
of leaves at harvest: determined by counting the number
of functional living leaves on the mother plant at the time
of harvesting the bunch; e) number of days from planting
to fl owering; f) number of days from planting to harvest;
g) number of days from fl owering to harvest; h) weight
of the bunch (kg): referring to the weight of the recently
harvested bunch, obtained using a platform scale with a
capacity of 50 kg and accuracy of 10 g; i) number of hands
per bunch: determined by counting the number of hands
per bunch at the time of harvest; j) weight of the stalk (kg):
obtained using a platform scale with a capacity of 15 kg
and accuracy of 5 g; k) weight of the fruit per bunch (kg):
obtained using a platform scale with a capacity of 50 kg
and accuracy of 10 g; l) weight of the second hand (hand 2)
of the bunch (kg): obtained using a scale with a capacity
of 5 kg and accuracy of 1 g; m) number of fi ngers on the
second hand (hand 2) of the bunch; n) average weight of
the fi ngers (g): obtained using a precision scale with a
capacity of 620 g and accuracy of 0.02 g, weighing the
three central fi ngers from the second hand of the bunch;
o) average fi nger length (cm): obtained with the aid of a
tape measure marked in mm, measuring the length of the
external part of the three central fi ngers from the second
hand of the bunch; p) fi nger diameter (mm): obtained using
a digital calliper with a precision of 0.01 mm, measured on
the middle part of the three central fi ngers from the second
hand of the bunch; q) pulp diameter (mm): obtained using
a digital calliper with a precision of 0.01 mm, measured
on the middle part of the three central fi ngers from the
second hand of the bunch, after cutting the fi ngers
transversely; r) thickness of the peel (mm); obtained using
a digital calliper with a precision of 0.01 mm, measuring
the middle part of the three central fi ngers from the second
hand of the bunch, after cutting the fi ngers transversely; s)
weight of the peel (g): obtained using a precision scale with
a capacity of 620 g and accuracy of 0.02 g, evaluating the
three central fi ngers from the second hand of the bunch; t)
weight of the pulp (g): obtained using a precision scale with
a capacity of 620 g and accuracy of 0.02 g, evaluating the
three central fi ngers from the second hand of the bunch; u)
pulp weight to fi nger weight ratio: determined by dividing
the pulp weight of the fi nger by the total weight of the
fi nger (pulp + peel); v) fruit productivity (t ha-1): determined
by multiplying the weight of the fruit per bunch by the
number of plants per hectare (1,140 plants ha-1); x) pulp
productivity (t ha-1): result of subtracting the values for
fruit peel from fruit productivity.Source: CIIAGRO (2022)

Figure  1 - Accumulated rainfall (mm) and average maximum
and minimum temperatures from 2015 to 2017. Palmital, SP
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Cultivar Group Subgroup Description

Grande Naine AAA Cavendish Small size, mutation of ‘Nanica’, susceptible to Yellow and Black
Sigatoka and Panama Disease (R4T)

IAC 2001 AAA Cavendish Somaclonal variation of the Nanicão cultivar, tolerance to Yellow
Sigatoka

FHIA 02 AAAB Cavendish Williams x SH33-93 hybrid resistant to Yellow and Black Sigatoka and
susceptible to Panama Disease

Table 1 - Description of the banana cultivars evaluated in Palmital, SP, from 2015 to 2017

Source: Lima et al. (2005), Garruti et al. (2012), Weber et al. (2017), Nomura et al. (2017) e Lima et al. (2018)

The data analysed in the sample plots were tabulated
so as to total 45 observations (15 for each cultivar),
disregarding the production cycle to which they
belonged. They were then standardised, and analysed
using the following multivariate statistical techniques
(HAIR et al., 2009): principal component factor
analysis; tree clustering analysis; two-way joining
cluster analysis; and correspondence analysis. The
analyses were carried out using the STATISTICA 13
statistical software (TIBCO, USA). The correlation
between selected variables grouped in the same factor
was also calculated (SWEENEY et al., 2015).

Principal component factor analysis: its main
purpose being to reduce the number of variables by
extracting factors. The following were used: raw
varimax orthogonal rotation, choice of the number of
factors based on Eigenvalues greater than 1.0, loading
scores of 0.70, and independent factor naming and
analysis. To improve visualisation, factor scores equal
to or greater than ± 0.70 were marked in bold in the
table that includes these results.

Correspondence Analysis (CA): carried out from
the intersection between variables of the same factor,
using graphs for better visualisation. To facilitate
visualising the correspondences, the data collected
from some of the variables under analysis were
tabulated and organised into four frequency classes.

Tree clustering analysis was applied to data of the
genetic materials under study, with the grouping variable
comprising the set of variables that made up Factor 1 and
those that made up Factor 2, both extracted by principal
component factor analysis. The complete linkage
clustering algorithm was chosen using the Euclidean
distance. To represent the resulting groupings graphically,
a dendrogram (hierarchical tree) was used, displayed as a
profi le diagram, with observations referring to the genetic
materials listed along the horizontal axis while the scale
appears along the vertical axis.

Two-way joining cluster analysis allows viewing,
by means of a discrete colour scale, the grouping and

result of crossing the observed variables expressed by
statistical frequency class (TURCO et al., 2013, 2014).
It allows, along the vertical, analysis of the diff erentials
between each variable under evaluation and, along the
horizontal, diff erentiation of the values obtained in each
observation (case). The greater the variation in colour, the
greater the heterogeneity. As with the previous clustering
technique, the variables making up Factor 1 and Factor 2
were used independently.

RESULTS AND DISCUSSION

The characteristics analysed in the three production
cycles of the banana cultivars were standardised and
submitted to principal component factor analysis, giving
three principal factors that represent 89.6% of the total
variance of the sample. According to Hair et al. (2009),
in the applied social sciences “it is not uncommon to
consider a solution that explains 60% of the total variance
(and in some cases even less) as satisfactory”.

During the analytical process, some variables
were excluded as they did not obtain a factor score
(eigenvalue) greater than 0.70, as also described in
Hair et al. (2009). The choice of this type of count
(factor  score)  is  justified,  as  it  is  calculated  based  on
the factor loadings of the evaluated parameters that
make up the factor, in order to avoid the repetition of
any information (NIRAZAWA; OLIVEIRA, 2018).
This was done with the following variables: number of
fingers on hand 2, thickness of the peel, plant height,
number of leaves at harvest, number of days between
flowering and harvest, stem weight, and pulp:finger
ratio. The factors and their correlated variables are
shown in Table 2.

The factors were then labelled, taking into account
the variables with the highest loadings. It is important to note
that the signs of the factor loadings (positive or negative)
are interpreted in the same way as any other correlation
coeffi  cient, i.e. for each factor, concordant signs mean that
the variables are positively correlated.
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Variable Factor 1* Factor 2* Factor 3*
cultivar 0.066291 0.000837 -0.974590
weight of the bunch 0.844596 0.495857 0.090904
number of hands per bunch 0.117055 0.819643 0.113185
weight of the fruit per bunch 0.851102 0.477516 0.102674
fruit productivity 0.851102 0.477516 0.102674
pulp productivity 0.877874 0.394670 0.196066
weight of hand 2 0.952917 -0.046806 0.033354
weight of the fi nger 0.948837 0.089274 0.243873
fi nger length 0.894398 -0.338353 0.148046
fruit diameter 0.503732 -0.093040 0.831440
pulp diameter 0.480937 -0.058380 0.838550
weight of the peel 0.728171 0.365623 -0.284346
weight of the pulp 0.923196 0.030304 0.327038
pseudostem diameter 0.416721 0.782768 -0.199159
number of leaves at fl owering 0.113930 0.760423 -0.299016
number of days from planting to fl owering 0.077479 0.947584 -0.007019
number of days from planting to harvest 0.077065 0.948082 -0.012374
Explored Variance 7.625291 4.788549 2.824472
Proportion of Total Variance 0.448547 0.281679 0.166145

Table 2 - Factors extracted in the analysis, and correlation with the evaluated variables (highlighted in bold) of the three cultivars of
the Cavendish banana (IAC 2001, Grande Naine and FHIA 02). Palmital, SP

*Factor 1 – Production; Factor 2 – Vegetative development and phenology; Factor 3 – Cultivars and fruit quality. Source: research results

Bearing in mind the composition of the factor
loadings of the extracted factors, the following
labels were chosen: Factor 1 = Production; Factor 2 =
Vegetative development and phenology; Factor 3 =
Cultivars and fruit diameter.

Factor 1, labelled ‘Production’ (44.85% of the
variance), includes the variables with the highest loadings
(internal correlations): ‘weight of hand 2’, ‘weight of
the fi nger’ and ‘weight of the pulp’. Additionally, it is
important to point out the high values, greater than 0.84,
of the factor scores obtained by the other variables that
make up the factor, such as ‘fi nger length’, ‘weight of the
bunch’, ‘weight of the fruit per bunch’, ‘fruit productivity’
and ‘pulp productivity’. The exception was ‘weight of
the peel’, which had an eigenvalue of 0.72. According to
Matos and Rodrigues (2019), as the defi ned factor score
calculates the variance in each of the variables in relation
to the evaluated parameter, when this value is low it tends
to be ignored, as it does little to explain the calculations
and is seen as redundant information.

In order to help interpret and observe the behaviour
of the variables that comprise Factor 1, correspondence

analyses were carried out between ‘weight of the bunch’
and “weight of hand 2’, ‘weight of the bunch’ and ‘fi nger
length’, and ‘fruit productivity’ and ‘pulp productivity’
(Figures 2, 3 and 4).

To facilitate visualisation and graphical interpretation,
the data obtained in the fi eld were organised into four response
classes. Figure 2 shows the correspondence between the
response classes of the variable “weight of the bunch”:
(A) 19.22 to 22.67 kg, (B) 23.30 to 25.90 kg, (C) 26.98
to 30.67 kg, and (D) 30.81 to 34.52 kg; and “weight of
hand 2”: (A) 2.16 to 2.46 kg, (B) 2.48 to 2.79 kg, (C) 2.84
to 3.09 kg, and (D) 3.12 to 3.44 kg.

Notably, the classes of lower frequency in the
variables under analysis have a more similar response
(19.22 to 22.67 mm; 2.16 to 2.46 kg) while the higher
response classes show similar behaviour, albeit with
less accuracy (Figure 2).

Observing the correspondence in the response classes
for ‘weight of the bunch‘ and ‘fi nger length’, formed by
(A) 17.3 to 18.3 cm, (B) 18.5 to 19.2 cm, (C) 20 to 20.7 cm, and
(D) 21 to 22 cm (Figure 3), it can be seen that the two smallest
frequency classes for ‘fi nger length’ show similar responses
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to the smallest class for ‘weight of the bunch’, while the last
class for this variable (30.81 to 34.52 kg) is strongly related
to the third response class for ‘fi nger length’ (20 to 20.7 cm),
i.e. the hypothesis that heavier bunches necessarily have
longer bananas (fi ngers) can be discarded. This is evident
in the study conducted by Lima et al. (2018), where the
D’Angola cultivar from the Terra group had the largest
fruit among the materials under evaluation despite being
one of the cultivars with the smallest bunches.

Concluding the analyses of Factor 1 (Production),
the correspondence analysis between the variables ‘fruit
productivity’, with (A) 19.96 to 23.79 kg ha-1, (B) 24.49
to 28.02 kg ha-1, (C) 28.65 to 32.27 kg ha-1, and (D) 32.46
to 36.39 kg ha-1; and ‘pulp productivity’, with (A) 14.25
to 17.44 kg ha-1, (B) 18.53 to 20.26 kg ha-1, (C) 21.2
to 24.11 kg ha-1, and (D) 24.62 to 27.44, shows that the
response classes show increasing similarity in each of the
items and off er no surprises (Figure 4).

The tree clustering and two-way joining analyses
carried out on the set of variables that made up Factor 1
(Production) clearly show that the productive behaviour
of the experimental plots of the FHIA02 cultivar was
homogeneous, with values generally below the results of
the other cultivars for the three production cycles (Figure 5).
This behaviour of the FHIA02 cultivar was also found by
Almeida et al. (2019) in a study conducted in Goiânia,
Goiás. The production parameters of the FHIA02 cultivar
were lower than those of the other cultivars evaluated in
the Cavendish subgroup (FHIA17 and Grande Naine).

While Figure 5 shows the formation of three
observation clusters (cut-off  height for four points of
linkage distance) in which the central cluster is formed
exclusively by samples from the FHIA02 cultivar, Figure 6,
shows that, due to the colour scale used (dark green for
smaller and dark red for larger) the values achieved by
FHIA02 were smaller than those obtained for the other two
cultivars. These results are corroborated by Martins et al.
(2022), where for each of the production variables under
analysis, the FHIA02 cultivar had signifi cantly lower
results than the Grande Naine and IAC2001 cultivars.

Figure  2 - Correspondence analysis between the variables
‘weight of the bunch’ and ‘weight of hand 2’. Palmital, SP

Source: research results

Figure  3 - Correspondence analysis between the variables
‘weight of the bunch’ and ‘fi nger length’. Palmital, SP

Source: research results

Figure 4 - Correspondence analysis between the variables ‘fruit
productivity’ and ‘pulp productivity’. Palmital, SP

Source: research results
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It should be noted that the legend for the
two-way joining cluster analysis does not reflect
the absolute values obtained when measuring the
experimental parameters, as the collected data went
through a process of ‘standardisation’ that, according
to Hair et al. (2009), “is a process in which the original
variable is transformed into a new variable with a mean
value of 0 and a standard deviation of 1”.

In some ways, these results corroborate the
hypothesis that the Grande Naine and IAC2001

cultivars were more productive in the geographical
microregion of Assis, São Paulo under the temperature
and rainfall conditions of the period under analysis,
agreeing with the analyses carried out by Martins et al.
(2022).

Factor 2 represents vegetative development and
phenology (28.17% of the total variance), which mainly
aggregated the variables ‘number of days between
planting and harvest’, ‘number of days between
planting and flowering’, and ‘number of hands per
bunch’, with eigenvalues (correlations) of 0.947, 0.948
and 0.819, respectively. In addition, ‘pseudostem
diameter’ and ‘number of leaves at flowering’ also
make up this second factor, but with factor scores of 0.782
and 0.760.

When analysing the correspondence between
the variables ‘hands per bunch’, (1, 2, 3 or 4) and
‘number of leaves at fl owering’: (A) 8 to 9 leaves, (B) 10
leaves, (C) 11 to 12 leaves, and (D) 13 to 14 leaves
(Figure 7), there was similarity between the responses
of the classes of lower value, i.e. there indeed seems to
be a correspondence between the smallest number of
leaves and a smaller number of hands in each bunch.
In contrast, the greatest number of leaves at flowering
appears, in this case, not to correspond necessarily to
the greatest number of hands per bunch.

The tree clustering and two-way joining analyses
that were based on the variables making up Factor 2
(Vegetative development and phenology) showed that
the behaviour of the sampled units was mainly affected
by the production cycle. As such, Figure 8 shows the

Figure  5 - Tree clustering analysis including variables from
Factor 1 (Production). Palmital, SP

Source: research results

Figure 6 - Two-way joining cluster analysis including variables
from Factor 1 (Production). Palmital, SP

Source: research results

Figure 7 - Correspondence analysis between the variables ‘hands
per bunch’ and ‘number of leaves at fl owering’. Palmital, SP

Source: research results
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formation of two main groups of observations (cut-off
height for four points of linkage distance), in which
one of the clusters is formed mainly by the samples
collected during Cycle 1 of the experiment.

From Figure 9 it can be seen that, due to the
colour scale employed (dark green for smaller and dark
red for larger), the values achieved by the observations
collected during Cycle 1 for the three cultivars were

for the most part smaller than those obtained for the
other two cultivars, generating small clusters.

Factor 3 (Cultivars and fruit diameter), which
represents 28.24% of the explained variance of the
sample, is directly related to ‘Cavendish cultivars’,
its principal significant variable, which has a negative
loading (-0.974), together with ‘pulp diameter’ and
‘fruit diameter’ (0.838 and 0.831, respectively). The
composition of this factor clearly denotes the relative
importance of the cultivars in relation to fruit diameter.

To explore this relationship, two of the
variables that make up the third factor were submitted
to Correspondence Analysis. Again, to facilitate
visualisation and graphical interpretation, the data
obtained in collecting the variable ‘pulp diameter’ were
organised into four response classes: (A) 30.43 to 31.88 mm,
(B) 31.94 to 32.57 mm, (C) 33.81 to 34.69 mm, and
(D) 34.84 to 36.29 mm.

It could be seen from Figure 10 that the largest
pulp diameters (greater than 33.81 mm) were related to
the GrandeNaine cultivar, while the smallest diameters
corresponded to FHIA02, as observed by Martins et al.
(2022).

It should be noted that the cluster analyses are
no longer relevant when explaining this third Factor
in view of the reduced number of variables that it
comprises and, especially, the results for similarity
obtained in the correspondence analysis, with the
formation of three very well-defined clusters. A similar
result is described in Hair et al. (2009).

Figure  8 - Tree clustering analysis including variables from
Factor 2 (Vegetative development and phenology). Palmital, SP

Source: research results

Figure 9 - Two-way joining cluster analysis including variables from
Factor 2 (Vegetative development and phenology). Palmital, SP

Source: research results

Figure 10 - Correspondence analysis between the variables
‘Cavendish cultivars’ and ‘pulp diameter’. Palmital, SP

Source: research results
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CONCLUSIONS

1. The Grande Naine and IAC2001 banana cultivars
were more productive under the conditions found in
the microregion of Assis, São Paulo, during the period
under analysis;

2. Larger pulp diameters (greater than 33.81 mm) were
obtained in the Grande Naine cultivar, and smaller
diameters in the FHIA02 cultivar;

3. A smaller number of plant leaves is related to a smaller
number of hands per bunch;

4. A greater number of leaves at fl owering did not
correspond to a greater number of hands per bunch.
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