academic]ournals

Vol. 8(48), pp. 6300-6308, 12 December, 2013
DOI: 10.5897/AJAR2013.7544

ISSN 1991-637X ©2013 Academic Journals
http://www.academicjoumnals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Simple and multiple linear regressions for harvest
prediction of Prata type bananas

Bruno Vinicius Castro Guimardes'*, Sérgio Luiz Rodrigues Donato?, Victor Martins Maia®,
Ignacio Aspiazt®, Maria Geralda Vilela Rodrigues®* and Pedro Ricardo Rocha Marques?®

'Federal Institute of Education, Science and Technology of the Amazon, IFAM, Campus S&o Gabriel da Cachoeira,
BR 307, km 03, Estrada do Aeroporto, Cachoeirinha, ZIP Code 69750-000, S&o Gabriel da Cachoeira, AM, Brazil.

®Federal Institute of Education, Science and Technology of Bahia — Campus Guanambi, P. O. Box 09, Ceraima District,

ZIP Code 46.430-000, Guanambi, BA, Brazil.
*Montes Claros State University— Campus Janatba, Center for Exact Sciences and Technology, Department of
Agricultural Sciences, 2.630 Reinaldo Viana Av., PO Box 91, Bico da Pedra, ZIP Code 39.440-000, Janauba,
MG, Brazil.

*Agricultural Research Company of Minas Gerais / Regional Unit Epamig Northern Minas Gerais, ZIP Code 39525-000,

Nova Porteirinha, MG, Brazil.

Accepted 21 November, 2013

This study aimed to fit regression models for harvest prediction in Prata type bananas. The experiment
consisted of plants and bunches of bananas carried out in Guanambi, BA, with genotypes Dwarf Prata
(AAB) and BRS Platina (AAAB), planted at a spacing of 3.0 x 2.5 m, with irrigation. Measurements of
vegetative and yield characteristics were sampled at random. Models of simple and multiple linear
regression were estimated, considering as independent variables with highest correlation coefficients
with the masses of the bunch (MB) and hands (MH). The simple linear regression models allow
prediction of the masses of the bunch and hands, according to the number of hands (NB), with better
precision, for both genotypes and at least 120 days prior to harvest. For the’ Dwarf Prata‘, the equations
were: MCA = -10.05 + 3.08NH; rz2 = 0.99, e, MPE = -12.38 + 3.55NH; r2 = 0.99. For the ‘BRS Platina’
equations were: MCA = -1.37 + 3.02NH; r2 = 0.97 e MPE = -2.74 + 2.88NP; r2 = 0.97. The determination
coefficients for the adjusted models ensure consistency of the regressions for the estimation of Prata
type banana production.

Key words: Estimated harvest, Dwarf Prata (AAB), BRS Platina (AAAB) genotypes, the regression models.

INTRODUCTION

The banana (Musa spp.) is the largest herbaceous
monocot grown in the world. Over the centuries, the crop
has expanded and is now grown in over 120 countries,
highlighting bananas as the most consumed fruit in the
world (Cordeiro and Moreira, 2006). It is considered an
important food, because of its chemical composition and

vitamins and minerals content, especially potassium. It
also constitutes an important element in the diet, not only
by the high nutritional value, but also by the low cost
(IBRAF, 2005).

The fruit industry is among the main generators of
income, employment and rural development of all world
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agribusiness (BRASIL/MAPA, 2007). Brazil is the fifth
largest producer of bananas, with 7,329 million tons
produced in 503,354 ha, resulting in average yield of 14.5
t ha' (FAO, 2011a), and the per capita consumption is
29.10 kg yr'l (FAO, 2011b). Production and consumption
in Brazil show very peculiar characteristics, prevailing in
most Brazilian regions the dessert varieties, such as AAB
bananas, Prata type, ‘Dwarf Prata’, ‘Pacovan’ and
‘Common Prata’, which represent about 80%. Because of
its economic importance, the banana crop is a matter of
growing interest of researchers worldwide (Dantas and
Soares Filho, 2006).

In these studies, typically, the researcher is interested
in the identification and selection of superior genotypes
that meet desirable characteristics such as appropriate
size, major pests and diseases resistance and adaptation
to different ecosystems. Thus, the experimental analysis
addresses the biometric characteristics of plants (plant
height, leaf number, pseudostem perimeter) and bunch
(bunch weight, number of hands, number of fruits per
bunch, fruits length and diameter) (Silva et al., 2000).
These variables are quantitative, easy to measure, and
may be under polygenic control, being under
environmental influence, having direct and indirect
economic importance (Ortiz, 1997), and most of them
show significant correlation between themselves (Donato
et al., 2006). This way, the analysis of plant behavior and
expression is very interesting to those engaged in
research in crop production, being of great application
and essential to proper planning of agricultural activities.
Thus, several statistical studies, linear and nonlinear
models, have been developed with the purpose of
obtaining future information and describe plant growth
over time (Hernandez et al., 2007; Maia et al., 2009).

In this context, several authors make use of predictive
models to reduce or circumvent the interference of biotic
or abiotic environment in the expression of the variable of
economic interest (Savin et al., 2007; Zhang et al., 2007).
In addition, simulation models are strategic tools for
estimating the duration of stages of plant development,
choosing the time of planting, predicting an abnormal
production and thus use these data in genetic
improvement programs (Roberto et al., 2005; Stenzel et
al., 2006; Biscaro, 2007), and are, therefore, important
for breeders and producers. From this perspective, there
is the use of mathematical models also to forecast the
harvest in several crops (Streck et al., 2007; Scarpari and
Beauclair, 2009; Wyzykowski, 2009). However,
mathematical modeling in the estimation of banana
production is limited and has low expression in the
literature. In this respect, Jaramillo (1982) and Meyer
(1975) describe studies of this nature in Cavendish type
cultivars in Costa Rica and Soares et al., (2013), in
Brazil, adjusted models for harvest prediction of the cultivar
Tropical, type Macé. Hence, it becomes clear the importance
of identifying the variables that explain part of the variation
in productivity through mathematical modeling to estimate
harvest, based on agronomic traits measured throughout
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the crop cycle. In this case, the mathematical model, if
adjusted in a functional form, allows those involved with
the banana crop, whether researcher and/or producer,
planning and organization of operations of pre and post-
harvest. In this context, this study has the objective of
adjusting simple and multiple linear regression models to
predict harvest in bananas type Prata, ‘Dwarf Prata’and
‘BRS Platina’.

MATERIALS AND METHODS

The experiment was established in a Red-Yellow Latosol
(Hapludox), medium texture, hypoxerophilous caatinga phase, flat
to moderate topography. The experimental area is located at the
Federal Institute of Bahia, Campus Guanambi, BA, 14° 13’ 30" S,
42° 46’ 53" W, at an altitude of 545 m, average annual precipitation
of 660 mm and average temperature of 26°C. The local climate is
type Aw, according to Kdppen's classification. Micropropagated
plantlets were used, planted in a spacing of 3.0 x 2.5 m and
submitted to the system of fixed conventional sprinkler irrigation
with micro-sprinklers. Installation and cultivation followed the
recommendations for the crop, and fertilizers were applied based
on analysis of soil and leaves. The two evaluated genotypes were:
Dwarf Prata, triploid (AAB), susceptible to yellow and black
Sigatoka and Panama disease, and the hybrid BRS Platina,
tetraploid (AAAB), resistant to yellow Sigatoka and Panama
disease, derived from the cross between ‘Dwarf Prata’ (AAB) and
M53 diploid (AA), formerly known in prerelease as PA42-44.

Measurements were made at the time of harvest. Each plant, the
basic unit, was considered as a replicate. Therefore, to assess
vegetative and yield characteristics, the plants were sampled at
random into the two genotypes with different numbers of replicates,
98 for 'Dwarf Prata’ and 96 for ‘BRS Platina’. Those measurements
consisted of phenotypic vegetative descriptors plant height,
pseudostem perimeter at ground level, 30 and 100 cm in height,
number of live leaves at harvest. Measurements of bunch yield
were also carried out: Bunch weight, number of hands and fruits per
bunch, hands mass, stalk mass, length and diameter. Hands yield
was also assessed: number of total fruits and fruits per bunch, and
mass, internal and external length and diameter of the central fruit
on the external and internal rows.The measured values were
obtained according to the methodological proposal contained in
catalogs of standard morphological descriptors for banana (IPGRI,
1996). For each evaluated genotype, ‘Dwarf Prata’ and ‘BRS
Platina’, phenotypic correlations were estimated regarding the
associations between the masses of bunch and hands with the
evaluated yield and vegetative characteristics, based on the
Pearson correlation (Pimentel-Gomes, 2000). The correlations were
tested by Student's t test at 1% probability. Data from observations
of individual replicates of each genotype were used for establishing
associations between characteristics. From the estimates of the
correlations between all measured variables with the masses of the
bunch and hands, the significant associations and with highest
values were considered to proceed the regression analysis with the
subsequent choice of the best-fitted model.

To evaluate the importance of the variables related to yield and
vegetative characteristics and their influence in the masses of the
bunch and hands, estimations were made of multiple linear
regression equations using the variable selection procedure called
backward elimination (Ribeiro Junior, 2001), in SAEG software
(Statistical Analysis System), version 9.1, Federal University of
Vigosa (SAEG, 2007). This way, the statistical model with k
independent variables can be determined with the following multiple
regression equation: Yi = B0 + B1X1i + B2X2i + ... + BkXKi + ¢€i. In
the model, Yi refers to the response variable: mass of bunch or
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hands, as a function of the regressive variables of bunch yield
(number and average mass of hands; mass, length and diameter of
stalk and number of fruits). It also refers to hands yield (mass and
number of fruits of the hand; mass and external length of the
external and internal rows fruit; internal length of the external and
internal rows fruit; diameter of the external and internal rows fruit
(Xi; ... ;XK). The error associated to the i-esime observation is é&i,
assumed as normal and independently distributed; constant S0 is
inherent to the model and B1... Bk model coefficients. To elucidate
the relationship with each variable, given that it was significant in
the regression analysis with the final bunch of the mass, Pearson
parametric corrrelations were estimated (Pimentel-Gomes, 2000).

In the present work, the statistical procedures made to estimate
the prediction equations of the values of masses of bunch and
hands for Prata type bananas, ‘Dwarf Prata’and ‘BRS Platina’, only
the variables with significant correlation coefficients and with
highest values were selected. Significance of the regression
coefficients by the “t” test, at a 1% probability level, behavior of the
biological phenomenon, determination coefficient (r?) and the
significance of the F test for the regression analysis of variance
were considered for the prediction equations adjusted, in each
particular case. For that, the backward elimination procedure in the
software SAEG (SAEG 2007) was used, according to Ribeiro Jr.
(2001). In these cases, the data from individual observations of the
replicates for each genotype, ‘Dwarf Prata’and ‘BRS Platina’, were
used separately.

Simple regression models also were fitted between masses of
bunch and hands for each evaluated genotype, ‘Dwarf Prata’ and
‘BRS Platina’, with the yield and vegetative characteristics. For that,
regressions were fitted from means of the replicates, considering as
independent variable, for each genotype, the pseudostem perimeter
measured at ground level and the number of hands, because these
showed highest correlation coefficients with the masses of bunch
and hands. Another reason for using those variables in the models
is because they are easy to determinate, by direct counting
(number of hands) and by simple measure with a measuring tape
(pseudstem perimeter). They are also non-destructive and can be
obtained at the stage of flowering, well before the harvest of the
bunch of ‘Dwarf Prata’ and ‘BRS Platina’, about 120 to 150 days
(Donato et al., 2009). This enables an efficient planning associated
with the technique of marking the bunch by age as a criterion for
the harvest time (Lichtemberg et al., 2008; Soto Ballestero, 2008),
allows to predict the timing and amount of harvest. The number of
repetitions for each case was variable, with the stratification of the
number of hands on classes of observations, ranging from 9 to 13
bunches for the ‘Dwarf Prata’ and seven to 12 bunches for hybrid
‘BRS Platina’. Similar were the proceedings for the pseudostem
perimeter measured at ground level, with stratification according to
the number of replicates of each class and using the average of the
repetitions in the procedure for simple and multiple linear
regression in the software SAEG (2007).

RESULTS AND DISCUSSION

The association between agronomic traits in banana is
crucial for estimating the production of the bunch, and
can be evaluated by means of phenotypic, genetic and
environmental correlations (Rocha, 2010). Thus, it should
be added to the study of harvest prediction of the
correlation analysis, in order to determine which variables
influence, to a greater or lesser degree, the production.
Correlations between the masses of bunch and hands
and the vegetative characteristics plant height,
pseudostem perimeter at ground level, 30 and 100 cm in

height and number of live leaves at harvest, for the
‘Dwarf Prata’ and ‘BRS Platina’ bananas, were significant
and positive for all variables. This directly indicates the
variation of the variables yield and masses of bunch and
hands, with the vegetative variables analyzed in this
study (Table 1). However, the association between the
characters of yield, masses of the bunch and hands, and
pseudostem perimeter measured at ground level
expressed more strongly in relation to other variables
(Table 1). Different studies relating vegetative and
reproductive characteristics in banana reported a
significant correlation between the perimeter of the
pseudostem and the production of the bunch (Lima Neto
et al., 2003; Arantes et al., 2010). In addition, Siqueira
(1984) found from clones of banana ‘Prata’, that among
the characters related to vegetative development, the
pseudostem perimeter was the most positively correlated
with the characters of production, which suggests it as an
effective variable to compose the harvest prediction
model.

Measurements on vegetative descriptors are widely
used in practice, because they are easy to determine and
require simple tools. Additionally, they can be measured
at flowering, about 120 to 150 days before harvesting
Prata type bananas (Donato et al., 2009), which
subsidizes a efficient harvest programming. Thus, given
the high correlation usually found between the vyield
factors and the perimeter of the pseudostem at ground
level, combined with ease of measurement and its non-
destructive character, this variable was tested as a
component of the equation to predict the masses of
bunch and hands for ‘Dwarf Prata’ and ‘BRS Platina’
bananas. In this way, simple linear regression models
were fitted between these variables from the means of
the repetitions, taking as the independent variable the
pseudostem perimeter measured at ground level (Table
2). The linear regression models were significant and
positive for the variable pseudostem perimeter at ground
level, both for the bunch massand for the mass of hands,
and with appropriate determination coefficient (r2) for both
genotypes (Table 2). This result suggests the possibility
of planning the harvest and its implications, such as the
logistics of harvest and postharvest, as well as marketing,
transportation and climatization, with considerable
reliability and with three to four months in advance (at
flowering), by means of an easily measured indicator.

The model estimates that for every centimeter of
increase in the pseudostem perimeter of ‘Dwarf Prata’
banana, the masses of bunch and hands increase,
respectively, 327 and 289 g. In this order, the
determination coefficients were adjusted in 0.76 and
0.77. Thus, the r2 shown in Table 2 represents the fit of
the data to predict the harvest, as a function of the
pseudostem perimeter at ground level for both
genotypes. Still, according to Table 2, it can be
suggested for hybrid BRS Platina that the coefficients of
the models estimate that, for each centimeter of increase
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Table 1. Correlation coefficients between the masses of the bunch and hands, in association with the vegetative characteristics in
type Prata bananas ‘Dwarf Prata’ and ‘BRS Platina’, Guanambi, BA, 2009.

Genotypes Genotypes
Vegetative characteristics Dwarf Prata BRS Platina Dwarf Prata BRS Platina
Mass of bunch** Mass of hands**
Plant height 0.63 0.49 0.63 0.47
Pseudostem perimeter at ground level 0.75 0.75 0.75 0.73
Pseudostem perimeter at 30 cm from ground 0.69 0.64 0.68 0.63
Pseudostem perimeter at 100 cm from ground 0.68 0.74 0.67 0.72
Number of leaves on the harvest 0.35 0.52 0.35 0.52

** P<0.01.

Table 2. Prediction models for the masses of bunch and hands on type Prata bananas, ‘Dwarf Prata’ and ‘BRS
Platina’, as a function of the pseudostem perimeter at ground level, Guanambi, BA, 2009.

Genotype ®Estimate (¥) Simple linear regression equation** (r3)
Dwarf Prata MB Y =-10.12 + 0.33 PPGL 0.76
Dwarf Prata MH Y = -8.74+ 0.29 PPGL 0.77
BRS Platina MB Y =-14.31 + 0.36 PPGL 0.77
BRS Platina MH Y =-13.45 + 0.32 PPGL 0.76

®Yield estimate (v): MB = mass of bunch; MH = mass of hands; bIndependent variable (X): PPGL = Pseudostem
perimeter at ground level. ** P<0.01.

in pseudostem perimeter, of the bunch massand the bunch. However, the ravalue found was low, although the
mass of hands increase, respectively, 355 and 324 g. coefficient of variation was also relatively low (CV =
Subsequently, the determination coefficients were 16%). This is justifiable, because the associations
adjusted in 0.77 and 0.76. In this sense, harvest between the bunch massand the other characters in

estimates for the masses of bunch and hands indicated banana may vary between genotypes and cycles and
77 and 76%, respectively, of reliability on the final even between hybrids and their respective parents
production determination. (Donato et al., 2006; Arantes et al., 2010).

Although the pseudostem perimeter in this study was The simple linear regression equations involving

measured at harvest time, this would present the same masses of bunch and hands were estimated as a function
dimensions if it were measured at flowering, as the of the means of the repetitions of the independent

characteristic remains constant after that. After flowering, variable pseudostem perimeter measured at ground level
the banana ceases emission of roots and leaves, (Table 2). The developed models express magnitudes
beginning senescence of these organs and culminating consistent with the correlation studies and with
with the maturing of the bunch (Soto Ballestero, 2008; determination coefficients values which may be used.
Robinson and Galan, 2010). Additionally, the prediction Regarding the correlation of the plant descriptors, similar
equations were composed by variables of easy results were found by Donato et al. (2006) with respect to
measurement and simple application in practice. the character pseudostem perimeter and its relationship
Therefore, these data allow the use of non-destructive with the bunch massto other genotypes, ST12-31, Grand
methods to determine production and productivity. Naine, PV42-85 and Nanicdo. However, that study did
However, Soares et al. (2012) in a study of banana cv. not aim to establish equations for predicting the mass of

Tropical for harvest prediction by means of multiple linear the bunch, but only the relationship between the
regression observed that the vegetative variables plant characters.

height, pseudostem perimeter and number of live leaves Statistical procedures for multiple linear regression
at flowering had low response in the equation fit with r2 of were used to estimate the equation for predicting the
0.13. For the author, this value may have been due to the values of the masses of bunch and hands for the ‘Dwarf
little influence that each variable has on the final mass or Prata’ and ‘BRS Platina’ bananas. To this end, only
due to the reduced number of variables that compose this variables that showed significant correlation coefficients
model, which denotes that a number of other factors not and with highest values in association with the masses of
considered in the study may influence the mass of the bunch and hands for each genotype were selected. The
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Table 3. Correlation coefficients between the masses of the bunch and hands, in association with the yield characteristics in type Prata

bananas ‘Dwarf Prata’ and ‘BRS Platina’, Guanambi, BA, 2009.

Genotypes

Yield characteristics Dwarf Prata BRS Platina Dwarf Prata BRS Platina

Mass of bunch** Mass of hands**
Number of hands 0.70 - 0.68 -
Number of fruits 0.74 - 0.72 -
Number of fruits on the fourth hand 0.51 - 0.50 -
Mass of the fruit of the external row on the fourth hand 0.73 - 0.75 -
External length of the fruit of the external row on the fourth hand 0.64 - 0.66 -
Diameter of the fruit of the external row on the fourth hand 0.41 - 0.42 -
Number of hands - 0.59 - 0.59
Number of fruits - 0.73 - 0.73
Number of fruits on the fifth hand - 0.65 - 0.65
Mass of the fruit of the external row on the fifth hand - 0.66 - 0.66
External length of the fruit of the external row on the fifth hand - 0.57 - 0.57
Diameter of the fruit of the external row on the fifth hand - 0.34 - 0.34

** P<0.01.

procedure called backward elimination was used for
choosing the best fit of the predicting equations.

Correlations between masses of bunch and hands with
the number of bunches and number of fruits in the bunch,
and the characters of the fourth and fifth bunch,
respectively, (number of fruits; mass, external length and
diameter of the fruit in the external row), for ‘Dwarf Prata’
and ‘BRS Platina’, were significant and positive for
predicting the yield of bunch and hands (Table 3). The
number of hands and fruits per bunch are the
components that most influence on the mass of the
bunch. However, the amount of fruits and fruit diameter of
the extrenal row of the fourth bunch had the lowest
correlation with the masses of the bunch and hands. Soto
Ballestero (2008) reports on the relationship between the
diameter of the central fruit of the external row of the
second hand and the age of bunches for harvesting, and
therefore, this fruit is used as a reference for indicating
the harvest time of the bunch.

The associations between the masses of bunch and
hands with the mass of the fruit of the external row of the
fourth hand were statistically significant, positive and with
highest value in relation to other variables for ‘Dwarf
Prata’ bananas, being respectively, 0.73 and 0.75 (Table
3), indicating that the fourth hand of the bunch is strongly
related to production (Meyer, 1975). However, still with
the analysis of Table 3, it appears that the yield
descriptors, fruit number and mass of the fruit of the
external row of the fifth hand, showed the highest
correlation coefficients in relation to other variables for
hybrid ‘BRS Platina’. This fact accredits these variables
to compose the harvest prediction model.

In summary, the variable with the highest correlation for
the bunch mass and mass of the hands was the number

of fruits, for both genotypes. Despite the mass of the fruit
of the external row have presented interesting correlation
coefficient values for the Prata type, there was
divergence for the genotypes according to the position of
the hand. The fifth hand showed the second highest
expression for the hybrid ‘BRS Platina’, while for the
‘Dwarf Prata’, the highest correlation was obtained for the
mass of the fruit of the external row of the fourth hand
(Table 3). The second hand has been considered a
reference for studies and the classical procedure for
determination of the harvest time for some banana
genotypes (Jaramillo, 1982). Based on data from Meyer
(1975) and in the present work, it can be inferred that the
fourth and fifth hands, respectively, can be just as
suitable for the development of postharvest studies and
programming the harvest time as the second hand, which
suggests the need of specific research to prove this
hypothesis.

According to the correlation study, it can be suggested
that the yield descriptors have the potential to compose
the prediction model. In this context, the highest
determination coefficients obtained for the harvest
estimates for both mass of bunch and hands were
observed with yield variables fruit number and mass of
the fruit of the external row of the fourth hand for the
progenitor ‘Dwarf Prata’. For the ‘BRS Platina’, the
number of fruits and fruit mass of the external row of the
fifth hand showed the highest determination coefficients.
By the methodology used, the harvest prediction equation
which obtained the best fit for ‘Dwarf Prata’, both for the
mass of the bunch, and for mass of hands, showed a
determination coefficient (r2) of 0.87 (Table 4). For the
yield characteristics measured, considering the ‘Dwarf
Prata’, the best fitted equations to determine the mass of



Guimaraes et al. 6305

Table 4. Components of the equation for prediction of the masses of bunch and hands of ‘Dwarf Prata’ bananas, according to yield
characteristics. Guanambi, BA, 2009.

Yield Coefficients
characteristic Constant™ 3

NH NFR** NFR4 MFER4** ELFE4 DFER4 r2 CV(%)
Mass of bunch -18.77 - 0.14 - 0.14 - - 0.87 22.87
Mass of hands -16.63 - 0.12 - 0.13 - - 0.87 23.15

®NH, number of hands; NFR, number of fruits; NFR4, number of fruits on the fourth hand; MFER4, mass of the fruit on the external row of the fourth
hand; ELFE4, external length of the fruit on the external row of the fourth hand; DFER4, diameter of the fruit on the external row of the fourth hand; -,
non-significant variables by the backward elimination procedure. ** P<0.01.

Table 5. Components of the equation for prediction of the masses of bunch and hands of ‘BRS Platina’ bananas, as a function of yield
characteristics. Guanambi, BA, 2009.

Yield - Coefficients

characteristic Constant NH NFR*  NFR4  MFER4* ELFE4 DFER4 r2 CV(%)
Mass of bunch -14.25 - 0.16 - 0.12 - - 0.80 22.87
Mass of hands -13.87 - 0.14 - 0.11 - - 0.79 23.15

®NH, Number of hands; NFR, number of fruits; NFR4, number of fruits on the fourth hand; MFER4,mass of the fruit on the external row of the fourth
hand; ELFE4, external length of the fruit on the external row of the fourth hand; DFER4, diameter of the fruit on the external row of the fourth hand; -,
non-significant variables by the backward elimination procedure. ** P<0.01.

bunch and hands at the harvest time were, respectively, prediction model. The equation was MB = -5.25 +

MB = -18.78 + 0.14NFR + 0.14MFER4; and MH = -16.63
+ 0.12NFR + 0.13MFER4. In this model, MB and MH
indicate, respectively, the bunch mass and the mass of
hands; NFR = number of fruits and MFER4 = mass of the
fruit of the external row of the fourth hand. The other
variables measured at the harvest time were not
significant by the adopted procedure (Table 4). The fact
that the determination coefficient of this model is highest
is an indication that the descriptors measured at the time
of harvest can represent production more accurately.
This event takes on greater significance when associated
with the occurrence of appropriate coefficient of variation
(Table 4).

Meyer (1975) estimated a harvest prediction equation
for Cavendish type bananas. The author investigated the
relations between liquid bunch mass (mass of the
bunches, without the stalk) and some parameters easily
measured on the harvest day. The best fit found by the
author was for the mass of the middle finger of the fourth
hand, which is similar to this work. The equations were: Y
=15.30X1 + 9.84X2 + 13.55 and Y = 8.41Z + 4.31, in
which Y = net mass of the bunch, expressed in kg; X1 =
number of fingers per hand x 10-2; X2 = mass of the
medium finger on the fourth hand, in hectograms; Z = X1
X X2.

Soares et al. (2012), studying the ‘Tropical’ cultivar
banana, for harvest prediction, worked with the stepwise
statistical procedure for multiple linear regression, using
yield and vegetative characteristics, and determined the
best fit for the prediction equation of bunch mass on
harvest time, adding the variables that composed the

0.1INLH + 0.07NFB + 0.05FW + 0.18LF + 2.04RW -
0.01LS, in which: MB = Bunch weight, expressed in kg;
NLH = Number of leaves at harvest; NFB = Number of
fruits per bunch; AFW = Average fruit weight; LF: Length
fruit; RW = Rachis weight. In this case, the determination
coefficient obtained was 0.71. However, the variables are
hard to be measured or are destructive to the samples,
for the average mass of the fruit and mass of the rachis,
respectively, a fact that complicates or little contributes to
the efficiency and practicality of the prediction process,
as reason Walpole et al. (2009). When analyzing the
determination coefficient, for the same harvest estimates,
the hybrid BRS Platina expressed inferior values to the
presented by the genitor (Table 4), however, considered
adequate, being r2= 0.80 and 0.79, respectively, for the
masses of bunch and hands (Table 5). That is justifiable,
because the associations between bunch massand the
other characters in banana can vary between genotypes
and cycles and also between hybrids and their respective
genitors (Arantes et al., 2010; Donato et al., 2006).

The coefficients of variation showed similarity between
genotypes. The best equations to determine the masses
of bunch and hands on the harvest time, for the ‘BRS
Platina’, were, respectively, MB = -14.25 + 0.16NFR +
0.12MFERS5, and MH = - 13.87 + 0.14NFR + 0.11MFERS5,
in which: BM and BH indicate, respectively, the bunch
mass and the mass of the hands; NFR = number of fruits
and MFER5 = mass of the fruit of the external row of the
fifth hand. The other variables measured on harvest time
were not significant by the procedure used to choose the
models (Table 5). Jaramillo (1982) states that the bunch
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Table 6. Prediction models of the masses of bunch and hands on type Prata bananas, ‘Dwarf Prata’ and ‘BRS
Platina’, as a function of the number of hands. Guanambi, BA, 2009.

Genotype IEstimate (Y) Simple linear regression equation** (r9
Dwarf Prata MB Y =-12.3804 + 3.55NH 0.99
Dwarf Prata MH Y =-10.0485 + 3.08NH 0.99
BRS Platina MB Y =-1.36638 + 3.02NH 0.97
BRS Platina MH Yy =-2.73380 + 2.88NH 0.97

Yield estimate (Y ): MB = mass of bunch; MH = mass of hands; 2Independent variable (X): NH = number of hands. **

P<0.01.

mass of a genotype is closely related to the number of
fruits, which, in turn, is directly proportional to the number
of hands. Still, this author estimated regression equations
and found that the number of hands per bunch is strongly
related to the bunch mass. Other authors (Fernandez-
Caldas et al., 1977; Holder and Cumbs, 1982; Donato et
al., 2006; Arantes et al., 2010) confirm the relationship of
the components mass of hands and bunch with the
number of hands.

Thus, it can be inferred that the characters of
production and number of hands are directly correlated.
Donato et al. (2006) found correlation coefficients of 0.94
and 0.92, respectively, for ‘Dwarf Prata’ and ‘BRS
Platina’, between bunch mass and number of hands, in
the first production cycle. In addition, the mass of hands
correlated significantly with the number of hands, as
might be expected, since the hands mass is the main
component of the bunch, only without the rachis. Arantes
et al. (2010) found a correlation of 0.97 and 0.98 between
bunch and hands mass, respectively, with number of
hands in plantains. Therefore, given the high correlation
usually found between the production and the number of
hands, combined with ease of measurement and its non-
destructive character, this variable was tested as a
component of the equation fit to predict the masses of
bunch and hands for the ‘Dwarf Prata’ and ‘BRS Platina’.
In this sense, simple linear regression models were
adjusted between these variables from the average of the
replicates, taking as independent variable the number of
hands (Table 6).

The number of hands is an easy-assessment
characteristic, by simple counting, and can be obtained at
the stage of flowering, well before the harvest of the
bunch of ‘Dwarf Prata’ and ‘BRS Platina’, about 120 to
150 days (Donato et al., 2009). When associated with the
technique of marking of the bunch by age as a criterion
for harvest time (Lichtemberg et al.,, 2008; Soto
Ballestero, 2008), it allows to predict the timing and
amount of harvest with more accuracy. The simple linear
regression models that estimate the masses of the bunch
and hands for the ‘Dwarf Prata’ and ‘BRS Platina’
showed significant values for the yield variable number of
hands. Thus, the number of hands showed linear
dependence on the harvest prediction model for the Prata

type genotypes. Thus, for the progenitor ‘Dwarf Prata’,
both for the mass of hands as for the mass of the bunch,
with the variable number of hands, a r2 of 0.99 was fitted
(Table 6). For the hybrid ‘BRS Platina’, the determination
coefficient was 0.97 for the masses of bunch and hands
too, with the variable number of hands (Table 6). In this
sense, Jaramillo (1982) observed, by means of linear
regression, a fit of high linear dependence (r2 = 0.99)
between the number of hands and the bunch mass for
Cavendish type bananas. Therefore, by the simple linear
regression equations it was possible to estimate with high
accuracy the yield in masses of bunch and hands, for
‘Dwarf Prata’. In this order, the increase rate of mass of
hands was estimated at 3.55 and 3.08 kg, and the yield in
mass of bunch and mass of hands, for hybrid and ‘BRS
Platina’, presented by hand, respectively, an increase
estimated at 3.2 and 2.88 kg (Table 6).

To compose the equation, it was sought the ease in
obtaining the values of yield variable coupled with a high
correlation coefficient with production. In this set, the fit of
the data provided r2 0.99 and 0.97, respectively, for
‘Dwarf Prata’ and 'BRS Platina'. This result suggests that
the prediction models found in Table 6 are significant and
of great scientific and practical application. Moreover, as
these models use the variable number of hands of the
bunch, which is defined in flowering, that is, three to four
months before harvest, they allow the producer a more
efficient planning.

Conclusions

The simple regression linear models estimate with a
relative accuracy the masses of bunch and hands based
on the pseudostem perimeter measured at ground level,
for ‘Dwarf Prata’ and ‘BRS Platina’.

The multiple linear regression models estimated with
adequate accuracy the masses of the bunch and hands,
as a function of the characteristics number of fruits and
mass of fruit of the fourth hand for ‘Dwarf Prata’, and fruit
number and mass of fruit of the fifth hand for ‘BRS
Platina’.

The simple linear regression models allow prediction of
the masses of the bunch and hands, according to the



number of hands in advance of at least 120 days to
harvest and high precision, for ‘Dwarf Prata’ (r2 = 0.99)
and ‘BRS Platina’ (r* = 0.97), which ensures the
consistency of the regressions to estimate the production
Prata type bananas.
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MFER4, mass of the fruit of the external row of the fourth
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fruits per bunch; AFW , average fruit weight; LF, Length
fruit; RW, Rachis weight.
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