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SENSITIVITY TO ENVIRONMENTAL STRESS OF PRATA, 
JAPIRA AND VITÓRIA BANANA CULTIVARS PROVEN

 BY CHLOROPHYLL a FLUORESCENCE1

PRISCILA NOBRES DOS SANTOS2, DIOLINA MOURA SILVA3, 
CAMILLA ZANOTTI GALLON4, JOSÉ AIRES VENTURA5

ABSTRACT-This study aimed to evaluate the physiological responses to environmental stress during pre- and 
post-harvest of the following banana cultivars: Prata (AAB), Japira (AAAB) and Vitoria (AAAB). Analyses were 
carried out on young plants at vegetative stage (daughter-plant) and adult plants at reproductive stage (mother-
plant). The experimental design was completely randomized. In the in vivo pre-harvest analysis were used seven 
replications, in a factorial scheme (3x2x2), three cultivars and two stages (vegetative and reproductive) and two 
collection periods (March and June). For the analysis of post-harvest quality were used five replications in a factorial 
design (3x2x5), corresponding to three cultivars, two development stages and five periods of post-harvest analysis, 
carried out every two days from stage 4 of fruit ripening. The chlorophyll a fluorescence emission kinetics showed 
low photochemical performance of the three cultivars in June, a period characterized by lower temperatures and 
water deficit. Prata was the cultivar with the lowest tolerance to abiotic physiological behavior changes, which 
also reflected in fruit quality, because there was a change in physical and physicochemical parameters. Japira and 
Vitoria cultivars showed similar physiological responses in the pre- and post-harvest periods, according to their 
phylogenetic proximity. The total performance index, i.e., the conservation of energy absorbed by PSII up to the 
reduction of the final PSI acceptors (PItotal) and the di-malonic aldehyde (MDA) content were significantly higher 
in Japira and Vitoria cultivars compared to Prata cultivar in the reproductive phase. There was no significant 
change in the potential quantum efficiency of PSII (FV / FM = jP0) among the three cultivars. It was concluded that 
Japira and Vitoria cultivars showed greater plasticity to tolerate or even adapt to abiotic variations keeping higher 
fruit yield. PItotal is the most sensitive parameter during the banana life cycle and important tool for distinguishing 
different cultivars yields.
Index terms– Musa spp., Chlorophyll fluorescence, pigments, lipid peroxidation, post-harvest quality.

SENSIBILIDADE AO ESTRESSE AMBIENTAL EM BANANEIRA 
COMPROVADA PELA FLUORESCÊNCIA DA CLOROFILA a

RESUMO-Este trabalho objetivou avaliar as respostas fisiológicas ao estresse ambiental, durante a pré e a 
pós-colheita, das cultivares: Prata (AAB), Japira (AAAB) e Vitória (AAAB). As análises foram realizadas em 
plantas jovens, em estádio vegetativo (planta-filha) e em plantas adultas, em estádio reprodutivo (planta-mãe). O 
delineamento experimental foi inteiramente casualizado. Nas análises de pré-colheita, in vivo, utilizaram-se sete 
repetições, em esquema fatorial (3x2x2), três cultivares, dois estádios: vegetativo e reprodutivo e dois períodos 
de coleta (março e junho). Para a qualidade pós-colheita, utilizaram-se 5 repetições, em esquema fatorial (3x2x5), 
três cultivares, dois estádios de desenvolvimento e cinco períodos de análise, realizadas a cada dois dias a partir 
do estádio 4 de amadurecimento dos frutos. A cinética de emissão da fluorescência da clorofila a mostrou baixo 
desempenho fotoquímico das três cultivares no mês de junho, período caracterizado por temperaturas mais baixas 
e deficiência hídrica. A cv. Prata foi a que apresentou um comportamento fisiológico menos tolerante às alterações 
abióticas, o que refletiu também na qualidade dos frutos, pois houve alteração nos parâmetros físicos e físico-
químicos. As cultivares Japira e Vitória apresentaram respostas fisiológicas na pré e pós-colheita bem semelhantes, 
condizente com sua maior proximidade filogenética. O índice de desempenho total, isto é, a conservação da energia 
absorvida pelo PSII até a redução dos receptores finais (PItotal) e o conteúdo do di-aldeído malônico (MDA) foram 
significativamente mais elevados nas cv. pira e Vitória em comparação com a cv. Prata na fase reprodutiva. Não 
houve mudança significativa na eficiência fotoquímica potencial máxima do FSII (FV/FM =jP0) entre as três 
cultivares. Conclui-se que as cv. Japira e Vitória mostraram maior plasticidade para tolerar ou até mesmo se adequar 
às variações abióticas mantendo maior rendimento do fruto. PItotal é o parâmetro mais sensível durante o ciclo de 
vida da bananeira e importante ferramenta para distinguir cultivares de diferentes rendimentos. 
Termos para indexação – Musa spp., Fluorescência da clorofila a, pigmentos, peroxidação lipídica, qualidade 
pós-colheita.
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INTRODUCTION
  

Banana culture is particularly important in 
the agribusiness of the state of Espírito Santo, being 
responsible for the generation of employment and 
income for producers, mostly family-based, who are 
involved in the production and commercialization 
process (COSTA et al., 2006). Planting is performed 
in geographically rough areas, which prevent 
the traditional chemical control of pests and 
diseases. Since 1976, the Capixaba Institute for 
Research, Technical Assistance and Rural Expansion 
(INCAPER) has been conducting research on the 
selection and evaluation of banana genotypes of the 
Prata subgroup using a germplasm bank in order to 
obtain high productivity bananas, tolerant to drought 
and cold and that have the preference of consumers 
(VENTURA; GOMES, 2005; DONATO et al., 2006). 
Among the results obtained, Japira and Vitória, 
tetraploid hybrids (AAAB) cultivars obtained from 
the crossing between female parental Pacovan, cv., 
triploid (AAB), and male parental M53, diploid (AA), 
showed good productivity and resistance to the main 
pests and diseases such as Panama disease, yellow 
sigatoka and black sigatoka that affect the Prata 
cultivar (VENTURA et al., 2007). These attributes 
have contributed to the preference of producers for 
Japira and Vitória cultivar to the detriment of Prata 
cultivar. As a result of this change process, they 
already represent a large part of what is produced in 
banana farming in the state of Espírito Santo.

The identification of new pest- and disease-
resistant cultivars with quality characteristics 
traditionally accepted by the consumer has been 
made for Prata-Anã cultivar, but this variety is 
highly susceptible to Panama disease and yellow and 
black Sigatoka (CASTRICINI et al., 2015), thus not 
representing an alternative to ES producers that seek 
disease-resistant cultivars.

Banana (Musa spp.) is one of the most 
consumed fruits in the world due to its taste and 
aroma, in addition to being an attractive fruit in the 
diet for children and older adults because it presents 
carbohydrates of easy digestion (MARASCHIN, 
2015). Information on the quality of fruits of new 
cultivars present in the market is important not only 
in terms of fruit shelf life but also in relation to flavor.

  Banana productivity is dependent not only 
on biotic factors but also on abiotic factors, as they 
interfere with metabolic processes and photosynthetic 
activity (MELO et al., 2009). Strauss et al. (2011) 
observed inhibition of photosystem II (PSII) and 
inhibition of the CO2 reduction cycle enzymes activity 
in cold sensitive soybean genotypes when exposed 

to cold air and low soil temperature. Under these 
conditions, damage also occurs in roots and aerial 
part of the plant (production and export of nitrogen 
compounds and photoassimilates, respectively). 
Alteration of the nitrogen metabolism in roots 
limits the nitrogen supply to the rest of the plant and 
accelerates the progressive development of chlorosis. 
Lower water availability and temperature alternation 
can cause (1) membrane damage, that is, loss of 
membrane integrity and intracellular organelles 
leading to solute leakage and compartmentalization 
disturbance (JANSKA et al., 2010), (2) osmotic 
stress, that is, water deficiency due to the decrease 
of water absorption by roots and restriction by the 
closure of stomata (LUKATKIN et al., 2012) and (3), 
and oxidative stress  due to the excess production 
of reactive oxygen species (ROS), which lead to 
membrane lipid peroxidation, protein oxidation, 
enzyme inactivation and DNA damage (YUSUF et 
al., 2010).

  Currently, there is a great deal of knowledge 
about the use and physiological significance of 
various parameters of chlorophyll a fluorescence, 
both from fast fluorescence and modulated 
fluorescence (KALAJI et al., 2016), making 
it an interesting technique that can be used in 
research and field application, such as in ecosystem 
monitoring (MENGARDA et al., 2012), phenotyping 
(CHOUDHARY; AGRAWAL, 2015) and plant 
production (GAMA et al., 2013). Therefore, the 
analysis of the kinetic parameters of chlorophyll a 
fluorescence is an excellent tool in determining the 
functionality profile of photosystems in plants under 
stress in the field (SALVATORI et al., 2014).

  Considering the great importance of banana 
cultivation in the Brazilian market and the demand 
for cultivars that serve as a commercial alternative 
for producers, the aim of this study was to evaluate 
the pre-harvest characteristics of Japira and Vitória 
cultivars resistant to Panama disease, yellow sigatoka 
and black sigatoka and post-harvest quality of fruits, 
comparing them to the Prata cultivar, which is 
widespread but more susceptible to biotic and abiotic 
stresses.

MATERIAL AND METHODS

Plant material and sampling conditions: 
the plant material was obtained from a banana 
germplasm bank of the Institute for Research, 
Technical Assistance and Rural Extension of 
Espírito Santo (Incaper) located at the “Alfredo 
Chaves” Experimental Farm, municipality of Alfredo 
Chaves, Espírito Santo (20º37’S and 40º43’W - 35m 
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a.s.l.). According to the Köppen classification, the 
municipality has Aw-type climate, with average 
minimum temperature of 18ºC and average maximum 
temperature of 22ºC and minimum precipitation of 
less than 60 mm. The agroclimatic data presented 
were obtained from the meteorological station of 
the National Institute of Meteorology (INMET) / 
INCAPER installed in the farm (Figure 1). Banana 
trees were planted with seedlings, with a spacing of 
3mx3m, and fertilization was based on soil analysis. 
Weeding was performed by mowing and cultural 
operations such as thinning of followers, defoliation 
and management of plants, according to technical 
recommendations for ‘Prata’ banana cultivar in 
the state of Espírito Santo (VENTURA; GOMES, 
2005). Fruits were collected from plants identified 
as Daughter-Plant, which are young plants in the 
vegetative stage, and fruits from adult plants, in 
the reproductive stage, identified as Mother-Plant. 
Data collection was performed in uniform clumps in 
Prata (AAB), Japira (AAAB) and Vitória cultivars 
(AAAB), in the months of March and June, enough 
time for them to be collected in the second sampling, 
fruits at the same development stage obtained in the 
first collection. All destructive and non-destructive 
analyses were performed on the third leaf fully open 
from the apex (candle leaf) between 10 and 25 cm 
from the median inner part.

Chlorophyll a fluorescence emission 
kinetics: HandyPEA® portable fluorometer 
(Hanstech, King’s Lynn, Norkfolk, UK) was used. 
Readings were performed in the morning, after 
adjusting samples to dark for 30 minutes, so that the 
primary electron acceptor of PSII - Quinone A (QA) 
- was fully oxidized (at time in which all reaction 
centers are open). Chlorophyll fluorescence emission 
was induced in a leaf area of   4 mm in diameter by 
exposing the sample to a red light peak of 3,000 μmol 
m -2 s -1. To normalize OJIP transients (curves), steps 
O (F0 = 0.02 ms) and P (maximum fluorescence, FM 
= ~ 300ms) were used. These curves are expressed 
as the relative variable fluorescence [WOP = (FT-F0)/
(FM-F0)]. After the normalization of curves, the 
kinetic difference was obtained using the “Prata” 
cultivar as control (= 0). To allow visualization of 
the L-band (~ 0.15ms), variable relative fluorescence 
was normalized between steps 0 and K (0.3ms) (WOK 
= [FT-F0]/[FK-F0]) and the kinetic difference was 
obtained by the equation (ΔWOK = [WOK(cultivar assessed)- 
WOK(control)]). The K-band (~ 0.3 ms) was visualized 
when the kinetic difference between the variable 
fluorescence in steps O and J (2ms) (WOJ = [FT-F0]/
[FJ-F0]) and the kinetic difference (ΔWOJ = [WOJ(cultivar 

assessed)-WOJ(control)]) were calculated. The biophysical 

variables that quantify the energy flow through the 
electron transport chain were analyzed according to 
the JIP test proposed by Strasser and Strasser (1995). 
Among the several parameters used in this work, 
the photochemical performance index of PSII based 
on absorption (PIABS) and the total photochemical 
performance index of a sample (PItotal) stand out 
(GAMA et al., 2013, CHEN et al. 2016a).

Chlorophyll index: determined on the 
same leaves used for measurements of chlorophyll 
fluorescence kinetics using a portable SPAD-502® 
chlorophyll meter (Soil Plant Analysis Development, 
Minolta Camera Co. Ltd., Osaka, Japan).

Lipid peroxidation: Malonic di-aldehyde 
was determined as an indicator of lipid peroxidation. 
The methodology proposed by Heath and Packer 
(1968), with modifications (HODGES et al., 1999) 
was used. Quantification was performed from 
the malonic di-aldehyde (MDA) formed by the 
thiobarbituric acid reactive substances method 
(TBARS or TBA) (HALLIWELL; GUTTERIDGE, 
1989). MDA content was expressed as ƞmol of dry 
mass MDA g-1.

Fruit sampling: Fruits from Prata, Japira 
and Vitória cultivars obtained from the second 
bunch were harvested in Mother-Plants in which pre-
harvest measures were carried out. The maturation 
scale used was based on the maturation scale of Von 
Loesecke, available in the banana classification 
standard prepared by “Companhia de Entrepostos 
e Armazéns Gerais de São Paulo, Ceagesp (PBMH 
and PIF, 2006). Fruits were harvested at stage 1, 
completely green in color, and kept in plastic trays 
at 22ºC until reaching maturation stage 4, when the 
bark color was more yellow than green, representing 
the physiological maturity of fruits. Analyses were 
initiated in stage 4 (when fruits were physiologically 
mature), repeated every other day for 12 days (when 
fruits reached totally yellow bark with brown areas).

Post-harvest analysis: Five fruits were 
detached from the bunch with the pedicel at 1.0 
cm from the cushion and evaluated for the physical 
characteristics of fresh mass (g), length and diameter 
(cm) and pulp / bark ratio. The pulp firmness was 
evaluated with a portable penetrometer (Mark 
EFFEGI, Mod. TEC-2, Trento, Italy) and expressed in 
Newton. Physicochemical analyses were performed 
after homogenization of the fruit pulp, in mixer, until 
creamy consistency was reached. pH was determined 
using a digital pH meter (TECNAL, TEC-2, São 
Paulo, Brazil) and titratable acidity (g.100g-1) by 
titration with 0.1N NaOH. Soluble solids content 
(SS) of the pulp juice filtrate was determined using 
a digital bench refractometer (Instrutherm, RTD-
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45, São Paulo, Brazil). The results were expressed 
in oBrix.

Statistical analysis: For the pre-harvest 
in vivo analyses, a completely randomized design 
was used, with seven replications, in a factorial 
scheme (3x2x2), corresponding to three cultivars 
(Prata, Japira and Vitória), two development stages 
(vegetative and reproductive) and two collection 
periods (March and June). For the post-harvest 
quality analyses, a completely randomized design 
was used, with five replications, in a factorial 
scheme (3x2x5), corresponding to three cultivars 
(Prata, Japira and Vitória), two development stages 
(vegetative and reproductive) and five periods of 
post-harvest analysis, performed every two days 
from maturation stage 4. Data were analyzed using 
analysis of variance (ANOVA) and comparisons 
between means were performed using the Tukey 
test (p <0.05).

RESULTS AND DISCUSSION

From January to July 2010, the municipality 
of Alfredo Chaves went through a period of great 
thermal amplitude, with maximum temperature of 
40.3°C in March and a minimum of 12.8°C in June 
(Figure 1). In the first quarter of 2010, there was a 
long period of scarce rainfall, and in January and 
February, no precipitation was observed, followed 
by an atypical rainfall season for the region. It is 
known that the ideal percentage of water available in 
the soil for banana crop should not be less than 75% 
(GONDIM et al., 2009). Considering a precipitation 
between 100 and 180 mm desirable for the crop, 
it is verified that, except for the month of March, 
the values   found during this work were lower than 
expected. Thus, it can be suggested that plants were 
submitted to a water stress condition, that is, low 
water availability.

Typical fluorescence induction curves 
obtained from the leaves of Prata, Japira and 
Vitória banana cultivars are shown in Figure 2. 
Leaf measurements under normal conditions show 
a polyphase rise, called transient chlorophyll a 
fluorescence (OJIP), in which the O-J phase lasts 
about two milliseconds, the J-I phase lasts about 
30 ms and the I-P phase lasts about 500 ms. In 
response to stresses, an additional K step can be 
observed at about 300 ms as well as an L step at 150 
ms. These changes in the OJIP curve for an OKJIP 
or OLKJIP curve seem to be a specific response 
to thermal (KALAJI et al., 2016) and water stress 
(OUKARROUM et al., 2007).

It was observed that in the months of 

March and June, plants presented very similar 
photochemical performance with low absolute   
F0, FJ, FI and FV values (Table 1). According to 
Congming and Vonshak (2002), decreases in the 
initial fluorescence (F0) can be attributed to an 
inhibition of the flux of electrons to the oxidant 
site of photosystem II (PSII). Similar results were 
also found in desiccation-tolerant plants, Ramonda 
serbica and Ramonda nathaliae, where F0, FM and 
FV values decreased during the dry season (GASHI 
et al., 2013). The authors point out the correlation 
between loss of PSII function with loss of power 
to generate potentially harmful reagents; therefore, 
it acts as a stress sensor. Therefore, the significant 
decrease in PSII activity in leaves under conditions 
of water deficit (F0, FJ, FI and FV), as observed in this 
work, may be a protective mechanism to maintain 
membrane integrity.

Also in March and June, after double 
normalization of values   resulting from the subtraction 
of O and J steps, K step (K band) was observed 
in Prata, Japira and Vitória cultivars in the two 
development stages and after double normalization 
of the O-K values, a new step, known as L band 
was observed (Figure 3). However, changes in the 
transients of the OJIP curve, and especially the 
appearance of L and K bands, have a predictive 
value in relation to leaf vitality and tolerance of plant 
varieties to dry stress (OUKARROUM et al., 2007; 
CHEN et al., 2016a). The appearance of these new 
steps indicates that water availability and temperature 
affected the first phases of photosynthetic induction, 
with special reference to the inactivation of the 
oxygen evolution complex (positive K band) and the 
loss of connectivity between PSII subunits (positive 
L band). Positive K and L bands were clearly visible 
in March in both development stages in Vitoria 
cultivar, while for Japira cultivar, it was only detected 
in daughter plants. In June, considering the effect of 
water restriction and low temperatures, the results 
of this study clearly demonstrate that the presence 
of the K and L bands are adequate to detect PSII 
structure adjustment to environmental stress (water 
availability and temperature variations). Japira and 
Vitória cultivars presented negative and very similar 
K and L bands when compared to Prata cultivar, 
indicating better photochemical performance of both 
cultivars. The similarity of the results evidences the 
phylogenetic proximity: both are tetraploid hybrids 
(AAAB), obtained from the crossing between female 
parental Pacovan cv., triploid (AAB), and male 
parental M53, diploid (AA), while Prata is a triploid 
hybrid (AAB).

A multiparametric chart (radar) with the 
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average of all measurements of the two months in 
plants at the vegetative stage (Daughter plant) and 
in the reproductive stage (Mother plant), considering 
the Prata cultivar as reference, is presented in the 
Figure 4. It was observed that in the month of June, 
the parameters related to the specific energy flow per 
reaction center, i.e., those representing the “energy 
transduction cascade” (ABS/RC, TR0/RC, ET0/
RC and DI0/RC) showed a reduction compared to 
values   obtained in March in all cultivars, in both 
development stages. This reduction is associated 
with damages in the oxygen evolution complex 
(OEC) already confirmed by the appearance of the 
positive K band (YUSUF et al., 2010). There was also 
a reduction in yield (ΨE0 / (1-ΨE0) and in quantum 
efficiency (ΨE0) of the electron transport from the 
reduced quinone A (QA

-) to the electron acceptors 
of PSI. 

The maximum quantum yield of PSII 
(φP0 = FV/FM) seems to be the parameter less 
sensitive to climatic variations that affected the 
three cultivars analyzed in this study, showing no 
significant differences either regarding the time of 
data collection or the development stage. However, 
the fall in temperature caused damage to PItotal 
components (total photochemical performance 
index): RC / ABS represents the density of active 
reaction centers, φP0 /(1 – φP0) represents the 
quantum yield of the first reactions in PSII, ΨE0/(1 
– ΨE0)  represents the ability to maintain electrons in 
the electron chain between PSII and PSI and δR0/(1- 
δR0) represents the performance of the PSI reactions 
(GAMA et al., 2013, CHEN et al., 2016a, B). PI 
has been widely used and discussed in biotic and 
abiotic stress investigations (STRASSER et al., 2010) 
because it is a parameter that, by definition, considers 
the effect of several individual parameters, that is, 
the density of active reaction centers, the quantum 
efficiency performance of PSII, the conversion of 
energy to the transport of electrons and the reduction 
of the final PSI receptors. The results obtained here 
showed that the total performance index (PITOTAL) 
was significantly higher in the Vitoria cultivar both 
in the reproductive stage (Mother Plant) and in the 
vegetative stage (Daughter Plant) in the month of 
June. Japira cultivar also presented higher PITOTAL in 
the reproductive stage in the month of March. It was 
concluded that measurements of OJIP fluorescence 
transients and their analysis using the JIP test can 
therefore be used as indicators for stress tolerance 
and physiological disturbances before the appearance 
of visible signs of water stress.

Table 2 shows a higher chlorophyll indexes 
in the month of March than in the month of June for 

both periods, reproductive and vegetative. Vitória 
and Japira cultivars showed higher rates compared 
to Prata cultivar in the reproductive period (47.68 
and 31.5 SPAD units, respectively). Similar results 
were also observed for the malonic aldehyde content 
(MDA), where values   were higher in the reproductive 
period compared to the vegetative period. However, 
the increase in MDA was only for Mother Plants in 
March, since in June, Daughter Plants presented 
MDA content approximately 40% higher than in 
March. The high MDA content observed among 
cultivars at the vegetative stage would be equivalent 
to the low chlorophyll content observed in Daughter 
Plants in June. Li et al. (2010) attributes the reduction 
in chlorophyll content in Chorispora bungeana 
plants submitted to low temperature, the degradation 
/ destabilization of membranes of the peripheral part 
of the light-harvesting complex. Thus, it could be 
inferred that plants at the vegetative stage were more 
sensitive to low temperatures during the month of 
June, with a decrease in chlorophyll content and an 
increase in MDA content. Indeed, the increase in lipid 
peroxidation, observed by MDA content analysis, 
has been considered an indicator of the occurrence 
of oxidative damage in cells (CHEN et al., 2016b).

The results of the post-harvest analysis show 
that, regardless of cultivar, fruit yield was lower in 
June (Table 3). Also in June, the lowest quantum 
efficiency (Figure 4) and highest MDA content 
(Table 2) were observed, suggesting that the low 
temperatures and low rainfall observed during this 
period may have been limiting to the photosynthetic 
activity, impacting the physiological activities of 
the plant and cause a decrease in the production of 
photoassimilates.

Table 4 shows the results obtained for 
post-harvest analyses. Japira and Vitória cultivars 
harvested in the month of June, maintained the pulp 
firmness until the 8th day after harvest, while Prata 
cultivar presented decrease in firmness on the 6th day. 
Prata cultivar presented a greater decrease in pulp 
firmness also in the month of March, which confirms 
it as a cultivar with shorter shelf life compared to the 
other cultivars. In terms of soluble solids content, 
lower values   were observed in June, when higher 
pulp firmness and pH were observed. There was 
also little variation in titratable acidity during fruit 
ripening. The results indicate a difference in fruit 
quality according to the cultivar analyzed and a 
significant interference of the thermal amplitude and 
prolonged drought in the banana development. Thus, 
the decrease in the production of photoassimilates 
during fruit formation compromised its quality. 
Japira and Vitória cultivars seem to have more 
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plasticity to tolerate or even to adapt to such abiotic 
variations, which was relevant to fruit yield. The 
results obtained also show the potential of the use 
of fluorescence techniques in the monitoring of plant 

vitality, proving the efficiency of the method in the 
in vivo identification of banana plants with greater 
agronomic potential.

FIgURE 1 - Climate diagram of the Incaper Experimental Farm in Alfredo Chaves (20º37’S and 40º43’W - 
35m a.s.l.), ES, during the study period (January to July 2010). Precipitation; TMax - maximum 
monthly temperature; TMin - minimum monthly temperature; TMed - average temperature. 
Dotted arrows indicate the data collection periods. Data obtained from INMET (National 
Meteorological Institute) automatic meteorological station.

FIgURE 2 - Chlorophyll a fluorescence induction curves of three banana cultivars: Prata, Japira and Vitória 
in two development stages (reproductive = Mother Plant and vegetative = Daughter Plant) 
using a Handy-PEA fluorometer (Hansatech, UK). The time to adaptation to the dark was 30 
min. Data obtained in March (high temperature and excess water in soil) and in the month of 
June (lower temperatures and water deficit). Data are plotted on a logarithmic time scale and 
curves are presented without normalization. (n = 7)
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FIgURE 3 - Relative variation of the    L Band and K Band values obtained in two development stages: 
reproductive (Mother Plant) and vegetative (Daughter Plant) of banana trees, in situ, Prata, 
Japira and Vitória cultivars in the months of March (high water availability and high 
temperatures) and June (water restriction and low temperatures). The values   plotted in the 
graphs were normalized using the Prata cultivar as reference (= 1.0). (n = 7).

FIgURE 4 - Parameters of chlorophyll a fluorescence from the analysis of the JIP test obtained in leaves 
of Prata, Japira and Vitória cultivars in two development stages: reproductive (Mother Plant) 
and vegetative (Daughter Plant) in the months of March (high water availability and high 
temperatures) and June (water restriction and low temperatures). Significant differences at 
5% probability, Tukey’s test, are indicated by the asterisk. Each parameter is expressed as a 
fraction relative to values   of Prata cultivar used as reference (= 1.0). (n = 7).
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TABLE 1 - Values   of the basic parameters of the transient fluorescence OJIP of chlorophyll a in banana 
leaves, Prata, Japira and Vitória cultivars adapted to the dark in two development stages 
reproductive (Mother Plant) and vegetative (Daughter Plant) in the months of March (high 
water availability and high temperatures) and June (water restriction and low temperatures). 
Data represent the mean values   ± standard deviation (n = 7).

F0 FJ FI FV

March

Mother Plant
Prata 0.77 ± 0.01 1.94 ± 0.04 2.67 ± 0.12 2.69 ± 0.11
Japira 0.74 ± 0.02 1.95 ± 0.06 2.85 ± 0.15 2.92 ± 0.14
Vitória 0.79 ± 0.03 2.07 ± 0.10 2.96 ± 0.12 2.83 ± 0.12

Daughter Plant
Prata 0.75 ± 0.03 2.01 ± 0.09 2.94 ± 0.11 3.04 ± 0.11
Japira 0.79 ± 0.02 2.13 ± 0.07 2.97 ± 0.10 2.86 ± 0.09
Vitória 0.76 ± 0.03 2.11 ± 0.10 3.02 ± 0.17 2.90 ± 0.09

June

Mother Plant
Prata 0.59 ± 0.01 1.70 ± 0.01 2.56 ± 0.11 2.42 ± 0.11
Japira 0.53 ± 0.03 1.71 ± 0.03 2.49 ± 0.11 2.50 ± 0.14
Vitória 0.52 ± 0.04 1.68 ± 0.03 2.51 ± 0.15 2.48 ± 0.13

Daughter Plant
Prata 0.63 ± 0.03 1.79 ± 0.05 2.77 ± 0.12 2.66 ± 0.13
Japira 0.56 ± 0.02 1.88 ± 0.04 2.75 ± 0.10 2.74 ± 0.08
Vitória 0.50 ± 0.04 1.70 ± 0.04 2.45 ± 0.10 2.44 ± 0.09

TABLE 2 - Chlorophyll index (SPAD units) and malonic aldehyde content (MDA) in banana leaves, Prata, 
Japira and Vitória cultivars adapted to the dark in two development stages reproductive (Mother 
Plant) and vegetative (Daughter Plant) in the months of March (high water availability and 
high temperatures) and June (water restriction and low temperatures).

Variable Cultivar  March June

SPAD

Mother Plant
Prata 30.11Ab* 17.50Bbc

Japira 35.25Ab 31.50Aa
Vitória 47.68Aa 25.40Bb

Daughter Plant

Prata 18.93Ac 16.50Abc
Japira 27.50Ab 12.40Bc

Vitória 26.80Ab 14.30Bbc

MDA
(nmol g-1 DM)

Mother Plant
Prata 10.80Ab 10.60Aab

Japira 13.55Aa 11.50Ba
Vitória 10.75Ab 7.20Bb

Daughter Plant

Prata 6.80Bbc 13.50Aa
Japira 4.25Bc 13.40Aa

Vitória 5.26Bc 12.80Aa
* Averages followed by uppercase letters in the row and lowercase letters in the column differ statistically by the Tukey test at 5% 
probability. (N = 5)
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TABLE 3 - Characterization of the fruits of banana trees cv. Prata, Japira and Vitória collected in the months 
of March (high water availability and high temperatures) and June (water restriction and low 
temperatures).

 Cultivars
Characteristic Prata Japira Vitória
 March June March June March June
Fresh weigth (g) 90,12a* 25,38b 168,91a 102,72b 175,55a 115,70b
Diameter (cm) 37,56a 23,78b 43,86a 35,85b 15,59a 13,71b
Lenght (cm) 11,30a 7,90b 14,92a 12,83b 44,36a 38,57b
Skin:Pulp relation 2,04a 0,92b 1,62a 1,17b 1,75a 1,27b

 * Means followed by different letters in the line differ statistically by the Tukey test at 5% probability of error (n = 5)

TABLE 4 - Physicochemical characteristics of banana fruits Prata, Japira and Vitória cultivars during the 
maturation period, collected in the months of March and June.

Characteristic
 and variety

Days after harvest
4 6 8 10 12

More yellow 
than green

Yellow with 
greed end Yellow Yellow with few 

brown spots
Yellow with many 

brown spots

Fi
rm

ne
ss

 (N
)

March
Prata 46.06Ab* 29.59Bb 23.52ABcd 20.97ABb 14.70Ba
Japira 52.92Aab 44.49ABab 27.83ABCbcd 20.77BCb 16.46Ca
Vitória 67.23Aab 44.88Aab 16.07Bd 14.21Bb 14.11Ba

June
Prata 63.70Aab 49.00ABab 48.31ABabc 34.30Bb 33.51Ba
Japira 68.90Aab 65.46Aa 65.66Aa 18.81Bb 19.60Ba
Vitória 80.26Aa 63.89Ab 68.99Aab 54.29Bab 16.26Ca

So
lu

bl
e 

So
lid

s (
o B

rix
) March

Prata 13.00Ba 23.80Ab 18.60Aba 21.40ABa 24.80Aa
Japira 8.00Bab 9.20ABc 17.00ABab 17.20ABab 18.80Aa
Vitória 4.60Cab 11.40BCc 18.00ABa 22.50Aa 20.20Aba

June
Prata 3.20Ab 6.20Ac 9.40Abc 4.00Ac 7.20Ab
Japira 4.20Cb 5.40BCc 8.20BCc 10.90Bbc 23.20Aa
Vitória 1.30Cb 3.20Aa 3.80Cc 3.20Cc 21.70Ba

pH

March
Prata 4.58Aab 4.00Ad 4.33Abc 4.36Ac 4.43Aa
Japira 4.79Aab 4.57Abc 4.45Abc 4.46Ac 4.43Aa
Vitória 4.90Aab 4.30ABcd 4.25Bc 4.31ABc 4.37Aba

June
Prata 5.09Aa 4.95Aab 4.82Ab 4.88Aab 4.68Aa
Japira 4.41Ab 5.23Ba 4.81ABbc 4.54Ac 4.36Aa
Vitória 4.91Bab 0.38De 5.44Aa 5.35ABa 4.27Ca

Ti
tra

ta
bl

e 
ac

id
ity

   
  (

g.
10

0g
-1
)

March
Prata 0.59Aa 0.69Aa 0.66Aa 0.60Aa 0.56Aa
Japira 0.36Aab 0.51Aab 0.56Aab 0.59Aa 0.58Aa
Vitória 0.30Bb 0.48ABabc 0.52ABab 0.57ABa 0.63Aa

June
Prata 0.21Cb 0.31BCbc 0.42Bbc 0.57Aa 0.58Aa
Japira 0.36BCab 0.27Cbc 0.46ABabc 0.53Aa 0.47Aba
Vitória 0.22Bb 0.25Bc 0.26Bc 0.25Bb 0.44Aa

* Averages followed by uppercase letters in the row and lowercase in the column differ statistically by the Tukey test at 5% error 
probability (n = 5)
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CONCLUSIONS
Japira and Vitória cultivars presented similar 

physiological responses, possibly due to their greater 
phylogenetic proximity. Both cultivars are good 
alternatives to the planting of the Prata cultivar due 
to their higher tolerance to abiotic stresses (total 
photochemical performance index and the MDA 
content were significantly higher) and presented 
fruits with shelf life (verified by pulp firmness) 
equivalent or longer than Prata cultivar.
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