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Abstract

The objective of this study was to evaluate the gas exchange and leaf area requirement for yield of six tall
‘Prata’ banana genotypes, under semi-arid conditions. The genotypes ‘Pacovan’ (AAB), '‘Pacovan Ken' (AAAB),
‘Preciosa’ (AAAB), '‘Japira’ (AAAB), 'PV79-34" (AAAB) and '‘Garantida’ (AAAB) (four tetraploid hybrids and one
triploid cultivar) were evaluated in two cycles, arranged in a completely randomized design in a factorial
scheme, with five replicates and four usable plants per plot. For the physiological characteristics, a 6 x 12 x
2 factorial arrangement was adopted, with six genotypes, 12 evaluation periods and two reading fimes in
each period, arranged in a completely randomized design. Of the 12 phytotechnical characteristics measured,
seven were influenced by the inferaction between the factors cultivar and cycle. Internal CO, concentration,
net photosynthesis rate, instantaneous water use efficiency, carboxylation efficiency and quantum efficiency of
photosynthesis recorded in banana leaves are higher in the morning, favored by higher stomatal conductance
and lower leaf femperature resulting from the meteorological conditions, while transpiration and intrinsic water
use efficiency increase in the afternoon. The hybrid ‘PV79-34' has higher yield and production efficiency per unit

of leaf area, associated with high transpiration, compared to the tall ‘Prata’ banana cultivars
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Intfroduction

In Brazil, ‘Prata’ banana cultivars are the most
widespread, including
although the latter has a greater presence in the Northeast
region. ‘Pacovan’ has problems with its tall stature and
susceptibility to lodging, pseudostem breakage and
diseases such as Fusarium wilt and Sigatokas (Rodrigues
Filho et al., 2014).

In general, relationship
between stature and yield in banana and regardless
of the genomic group, shorter genotypes were more
productive than taller genotypes (Donato et al., 2006). The
effects of wind are more intense on taller cultivars, as the

‘Prata-And’ and ‘Pacovan’,

there is an inverse

plant is more subject to undermining and rupture of roofs,
which reduces the absorption of water and nutrients,
pseudostem breakage and lodging, to greater laceration
of the leaf blade, which can reduce photosynthesis rates
(Donato et al., 2021), and to acceleration of senescence

and loss of leaves (Magalhdes et al., 2020), which can
leave the plant with insufficient leaf area to meet the
functional requirement for economic yield.

In any case, environmental conditions that favor
the reduction of leaf area affect photosynthesis and can
reduce vyield. Under these conditions, certain cultivars
may have at flowering an insufficient amount of leaves
fo ensure economic yield. Thus, these cultivars would
not have adequate environmental adaptation to these
conditions, which can be verified by the evaluation
of gas exchange and leaf area to yield ratio, because
it is recommended to use cultivars with lower leaf area
requirement per unit quantity of banana produced,
which may suggest higher photosynthetic efficiency. This
understanding is crucial for tall cultivars, more subject to
the deleterious effects of wind.

Studies were conducted with tall ‘Prata’ cultivars
(Azevedo et al., 2010; Rodrigues Filho et al., 2014), limited
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to agronomic characters. The objective was to evaluate
the gas exchange and leaf area requirement for yield of
tall ‘Prata’ banana genotypes.

Material And Methods

The experiment was set up in the area of the
Federal Institute of Bahia, Campus of Guanambi, Bahia,
Brazil, on May 11, 2010, and conducted until February 12,
2012. Physiological and phytotechnical readings were
taken between November 2010 and October 2011. The
soil, whose original classification is Latossolo Vermelho-
Amarelo which corresponds to Oxisol (Sanfos et al.,
2018), before the crop was planted, showed high fertility,
improved by anthropic actions previously performed on
the site (Table 1). The climate is hot and dry semi-arid, with
an average annual temperature of 25.9 °C and average
annual precipitation of 664.7 mm, referring to the average
of the last 39 years.

Planting was carried out on 05/11/2010 with
micropropagated seedlings at spacing of 3.0 x 2.5 m
(equivalent to 1,333 planfs ha') and, along with the
cultural practices, followed the recommendations for
the crop. The plants were irrigated by microsprinkler,
with Netafim® pressure-compensating emitters, with flow
rate of 120 L h', wetted diameter of 7.4 m, red nozzle of
1.57 mm, spacing of 6 m between lateral lines and 5 m
between emitters. In addition to irrigation, banana plants

Table 1. Means of the chemical attributes of two composite
samples of soil from the experimental area, before planting,
Guanambi, BA, Brazil

ch teristi 0.0- Stfandard 0.20- Standard
ractersics  02om _ deviation  0.40m _deviation
PH (H,0) 7.60 0.14 7.60 0.57
P (mg dm") 318.15  157.47 185.80 21.78
K* (mg dm?) 567.50 45.96 512.50 154.86
Na* (cmol_dm) 0.20 0.00 0.15 0.07
Ca?" (cmol_dm?) 3.45 0.49 2.90 0.00
Mg?* (cmol_dm?) 1.70 0.28 1.30 0.00
AP (cmol_dm?) 0.00 0.00 0.00 0.00
H*+Al**(cmol dm?) 0.90 0.00 0.95 0.07
S.B." (cmol_dm?) 6.75 0.92 5.65 0.35
2 (cmol_dm?) 6.75 0.92 5.65 0.35
T2(cmol_dm?) 7.65 0.92 6.65 0.21
V4 (%) 88.00 1.41 85.00 1.41
ms (%) 0.00 0.00 0.00 0.00
OMé (g dm?3) 13.50 21.0 10.00 14.00
B (mg dm?) 0.85 0.07 0.75 0.07
Cu** (mg dm?) 1.05 0.21 0.85 0.21
Fe** (mg dm?) 11.85 2.33 11.35 3.46
Mn** (mg dm?) 48.95 3.75 40.70 11.60
n** (mg dm?) 24.25 4.31 13.30 2.40
Prem’ (mg L?3) 42.15 0.92 41.40 3.68
EC? (dS m") 1.70 0.00 1.95 0.21

'Sum of bases; Effective cation exchange capacity (effective CEC); *CEC at pH 7.0; “Base saturation;
SAluminum saturation; ¢Soil organic matter; ’Remaining phosphorus; ¢Electrical conductivity. pH in water;
OM - Colorimetry; P, K, Na, Cu, Fe, Mn, Zn - Mehlich-1 extractant; Ca, Mg and Al - 1 mol L' KCl extractant;
H + Al - pH SMP; B - Hot water.

received, by precipitation, 1,260.6 mm of water during
the entire experimental period.

Imigation was performed considering the
reference evapotranspiration (ETo) determined daily by
the Penman-Monteith method and the data collected
from a Vantage Pro Integrated Sensor automatic
weather station (Davis Instruments, Hayward, CA, USA)
installed 100 m away from the experimental area. The
crop coefficients for determining crop evapotranspiration
(ETc) were defined based on the phenological stages of
the crop, according to (Coelho et al., 2015).

The experimental design used was arranged
in a completely randomized design, CRD, with 12
freatments resulting from the combination, in factorial, of
six genotypes of tall ‘Prata’ banana with two production
cycles. The evaluated genotypes were: ‘Pacovan’ (AAB),
its hybrids ‘Pacovan Ken’, ‘Preciosa’, ‘Japira’, ‘PV79-34’
(AAAB), in addition to the hybrid ‘Garantida’ (AAAB),
derived from ‘Prata SGo Tomé’, with five replicates and
four usable plants per plot.

Regarding phytotechnical aspects, 12
characteristics were evaluated: mass of bunch (MB), mass
of hands (MH) and mass of rachis (MRA), expressed in kg;
number of hands (NH) and number of fruits (NFR); number
of leaves at flowering (NLF) and at harvest (NLH); length
(LL3) and width (WL3) of the third leaf, in cm; total leaf
area (TLA) atf flowering and at harvest, in m?, estimated
by the Eq.1 (Zucoloto et al., 2008)

TLA =0.5187 (Lx W x N) + 9603.5 (1)

where:

L and W - respectively length and width of the third leaf;
0.5187 - correction factor;

N - number of active leaves of the plant at flowering and
at harvest;

LAI - leaf area index,at flowering and at harvest, in m2 m%;
LAF/MB - ratio between leaf area at flowering and mass
of bunch, in m?kg';

LAF/MH - ratio between leaf area at flowering and mass
of hands, in m2kg™;

LAF/NH - ratio between leaf area at flowering and number
of hands, in m? per hand;

LAH/MB - ratio between leaf area at harvest and mass of
bunch, in m?2kg';

LAH/MH - ratio between leaf area at harvest and mass of
hands, in m?2kg';

LAH/NH - ratio between leaf area at harvest and number
of hands, in m? per hand;

LAF/NFR - ratio between leaf area at flowering and
number of fruits, in m? per fruit; and,

LAH/NFR - ratio between leaf area at harvest and number
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of fruits, in m? per fruit.
Ten physiological parameters
evaluated: incident radiation on the leaf (Q

were  also
Leat) EXPressed
in umol photons m? s internal CO, concentration (C), in
umol CO, mol'; leaf temperature (T ), in °C; stomatal
conductance (g,), in mol H,O m?s; transpiration (E),
in mmol H,O m?s?'; net photosynthesis (A), in umol CO,
m2s7'; instantaneous water use efficiency (A/E), in umol
CO, m2s! mmol' H,O m? s'; carboxylation efficiency
(A/C), in ymol CO, m?s! umol' CO, mol’; quantum or
photochemical efficiency of photosynthesis (A/Q ).
Kumol CO, m?2s! umol' photons m?s?; and intrinsic water
use efficiency (A/g,), in umol CO, m?s' mol' H,O m?s.
Gas exchange in the banana plants was
evaluated using the third or fourth leaf, counting from the
apex to the base (Arantes et al., 2018), using an LCpro*
® Portable Photosynthesis System (ADC BioScientific
Limited, UK) infrared gas analyzer (IRGA), with ambient

in

temperature and iradiance and airflow of 200 mL min',
under natural light (without IRGA programming). always
with the radiation shield facing the sun. 12 monthly
evaluations were carried out, encompassing the period
from November 2010 to October 2011, at two reading
fimes, 8:00 and 14:00 h.

For statistical analyses of the data of the
evaluated characteristics, the following procedure was
adopted: a) For phytotechnical characteristics, there
was a total of 12 tfreatments, formed by the combination
in factorial of six genotypes and two production cycles,
arranged in a randomized block design (RBD). The data
showed normality by the Lilliefors test and were subjected
to analysis of variance (ANOVA) at 0.05 significance
level. In cases of significant interactions between the
factors genotypes and cycles, these interactions were
decomposed, with the comparison of genotypes within
the cycles by the Skott-Knott criterion (p < 0.05) and the
comparison of cycles within genotypes by the F test (p
<0.05). In the absence of interactions, the effects of the
main factors were studied with the comparison of means
between genotypes by the Skott-Knott criterion (p < 0.05)
and the comparison of means between cycles by the F
test (p <0.05), using the stafistical program SISVAR - UFLA,
version 5.6. b). Regarding the physiological parameters,
the adopted arrangement was in factorial scheme, 6 x 12
x 2, referring fo the six genotypes, 12 evaluation periods
(months) and two reading times (8:00 and 14:00 h) in
each period. The freatments were arranged in RBD. The
data were subjected fo the Lilliefors test and did not show
normality, that is, they did not have normal distribution,
so nonparametric Wilcoxon test (for paired samples),

evaluation times, and Kruskal-Wallis test (for independent
samples), cultivars and evaluation times were applied,
considering p value <0.05 as statistically significant. These
analyses were performed using the statistical program
SAEG - UFV, version 9.1.

Results and Discussion

All phytotechnical characteristics measured in
the study showed normal distribution and, therefore, were
subjected to analysis of variance (Table 2).
Table 2. Summary of the analyses of variance, with the
respective mean squares, means and coefficients of variation
of phytotechnical characteristics evaluated at flowering and at

harvest in two production cycles, in tall ‘Prata’ banana plants.
Guanambi, BA, Brazil

Sources of variation Means CV (%)
Genotypes Cycles Inferaction .
(A) (B) (AXB) Residual
Degrees
of 5 1 5 48
freedom
MB 82.09** 71.59** 6.95m 3.99 17.8%g 11.16
MH 64.58** 39.19** 4.60 ™ 3.36 15.52kg 11.82
NH 7.64** 2.08** 0.54m 0.23 7.9 unit 6.1
NFR 1605.14**  1898.43**  247.07** 66.95 ]L%'i?7 7.22
0.78 m?
LAF/MB 0.10%* 0.006" 0.02 0.02 kg’ 20.33
0.52 m?
LAH/MB 1.065**  0.00019~  0.013* 0.009 kg 18.58
0.90 m?
LAF/MH 0.015** 0.0014n 0.037 s 0.043 kg 20.79
0.60 m?
LAH/MH 1.092** 0.0003™ 0.017 0.012 kg 18.52
1.73m?
LAF/NH 0.375** 0.878** 0.125 0.078 h%?wrd 16.19
1.16m?
LAH/NH 0.265** 0.485** 0.091* 0.032 h%%rd 15.46
0.12m?
LAF/NFR 00013 00081** 00009 00003 hand 16.20
0.08m?
LAH/NFR  0.0010% 00043 0.0006** 00001 oo 1574

The analysis of variance showed that the
characteristics number of fruits (NFR), ratio between leaf
area at flowering and number of fruits (LAF/NFR) and
ratios between leaf area at harvest and mass of bunch
(LAH/MB), number of hands (LAH/NH) and number of
fruits (LAH/NFR), measured in tall ‘Prata’ banana plants,
were significantly influenced (p < 0.05) by the interaction
between the factors genotype and cycle. Mass of bunch
(MB), mass of hands (MH), number of hands (NH) and
ratio between leaf area at flowering and number of
hands (LAF/NH) varied independently with genotypes
and cycles (p < 0.05), while the ratios between leaf area

Comunicata Scientiae, v.14: e4125, 2023
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at flowering and mass of bunch (LAF/MB) and mass
of hands (LAF/MH), as well as the ratio between leaf
area at harvest and mass of hands (LAH/MH) varied
independently only with genotypes.

Regarding the NFR produced by the banana
plants, the genotype ‘PV79-34" had the highest means,
while the lowest values were observed in ‘Garantida’,
in the two production cycles (Table 3). (Azevedo et al.,
2010) also found a higher number of fruits for ‘PV79-34’
in Sebastido Laranjeiras, BA, a region with characteristics
similar to those of the present study, but with lower wind
speed.
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The lowest values for LAH/MB were observed in
the genotype ‘PV79-34" in the first cycle (0.35 m?kg') and
in 'PV79-34" (0.44 m? kg'), followed by ‘Preciosa’ (0.45 m?
kg') in the second cycle. On the other hand, the highest
values were observed in ‘Garantida’ and ‘Pacovan Ken’,
which formed the same grouping in the first cycle, while
‘Pacovan Ken', ‘Pacovan’, ‘Japira’ and ‘Garantida’
were grouped in the second cycle (Table 3).

The lowest values for LAH/NH were observed in
‘PV79-34" in the first cycle and in the group formed by
‘PV79-34’
cycle (Table 3). In the first cycle, the genotypes ‘Pacovan
‘Garantida’, ‘Japira’, ‘Pacovan’ and ‘Preciosa’
were grouped together, with the highest values, while in

‘Garantida’, and ‘Preciosa’ in the second

Ken’,

the second cycle, this group was formed by ‘Pacovan’,
‘Pacovan Ken' and ‘Japira’.

For LAH/NFR, 'PV79-34" had the lowest means
in the first cycle, while in the second cycle it formed a
group with ‘Garantida’ and ‘Preciosa’. The group formed
by the cultivars ‘Pacovan Ken' and ‘Garantfida’ had the
highest values for LAH/NFR in the first cycle. In general,
the analysis of interactions between genotypes and
cycles (Table 3) indicate that the hybrid 'PV79-34" has
higher production efficiency, because it showed higher
yield, represented by the number of fruits, corroborating
(Azevedo et al., 2010), and requires smaller leaf area for
yield, expressed by mass of bunch, number of hands and
number of fruits, which attests to greater environmental
adaptability for conditions that contribute to reduction of
leaf area, such as predominance of winds (Donato et al.,
2021) and pathogens that cause leaf diseases.

For LAF/NFR, the lowest values were recorded
in 'PV79-34', while the cultivar ‘Pacovan Ken' had the
highest values, and the others formed an intermediate
group (Table 3). In the second cycle, the genotypes were
similar, forming a single group for this variable. It is worth
pointing out that the cultivar ‘PV79-34' recorded not only
the lowest values for LAF/NFR in the first cycle, but also low
values for LAH/MB, LAH/NH and LAH/NFR in both cycles
(Table 3), which attests to its higher production efficiency
when compared to the other tall ‘Prata’ banana cultivars
studied. This is crucial for cultivation in regions with high
wind speed (Donato et al., 2021).

Despite the higheryield and production efficiency
per leaf area unit of the hybrid ‘PV79-34’, compared to
the tall ‘Prata’ banana cultivars studied (Table 3 and
Table 4), in addition fo its shorter stature, higher vigor and
higher yield (Azevedo et al., 2010), as well as resistance to
yellow Sigatoka, this banana hybrid is susceptible to the
fungus Fusarium oxyporum f. sp. cubense, which causes

Comunicata Scientiae, v.14: e4125, 2023
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fusariosis (Rodrigues Filho et al., 2014). These aspects make
it difficult for researchers to indicate or recommend the
hybrid for plantations in the region by banana growers.

The tall ‘Prata’ banana plants had higher mass
of bunch, mass of hands and ratio between leaf area at
flowering and number of handsin the first cycle, compared
to the second cycle, with a percentage variation of 13,
11 and 14.9%, respectively (Figure 1.). Increase in yield in
the second cycle would be expected, which does not
occur in tall varieties, as they are greatly influenced by
the high wind speed in this region (Rodrigues Filho ef al.,
2014).

The data of physiological characteristics did not
show normal distribution and were, therefore, subjected
to nonparametric analyses (Table 5, Table é and Table 7).
It was possible to observe, through the Kruskal-Wallis test

Mass of bunch (kg) Mass of hands (kg) Leaf area at flowering/

number of hands (m2 per

hand)
mistcycle @2ndcycle and

Figure 1. Phytotechnical characteristics evaluated at flowering
and at harvest in two production cycles, in tall ‘Prata’ banana
plants. Guanambi, BA, Brazil.

Table 5. Physiological characteristics evaluated in the third leaf
of tall ‘Prata’ banana plants. Guanambi, BA, Brazil

Characteristics
E AJE
Genotypes Leaf
Q) (mmol H,O ((mol CO, m?s™)
m2s') (mmol H.O m?s') 1)
Japira 359C 558 3.4A
Garantida 37.0BC 6.3 AB 3.0 AB
PV79-34 38.0 AB 7.0A 2.6 BC
Preciosa 38.1 AB 6.6 A 2.6 BC
Pacovan 38.1 AB 6.9 A 2.6 BC
Pacovan
38.6 A 6.7 A 25C
Ken
Mean 37.6 6.5 2.8
CV (%) 10.54 36.64 41.77

Means followed by uppercase letters in columns for genotypes do not differ significantly by Kruskal-
Wallis test at 0.05 significance level. T, - Leaf temperature; E - Transpiration; A/E - Instantaneous water
use efficiency; CV - Coefficient of variation
at 0.05 significance level, significant variations among the
tall *Prata’ banana genotypes for leaf temperature (T ).
franspiration (E) and instantaneous water use efficiency
(A/E) (Table 5) and between evaluation periods (months)
for incident radiation on the leaf (Q ), leaf temperature
(T..). intemal CO, concentration (C), franspiration (E),
stomatal conductance (g), net photosynthesis (A),
instantaneous water use efficiency (A/E), quantum or
photochemical efficiency of photosynthesis (A/Q_,).
carboxylation efficiency (A/C) and intrinsic water use
efficiency (A/g) (Table 5). In addition, for these same
variables, except Q variation between reading fimes
was found by Wilcoxon test at 0.05 significance level
(Table 6).

The cultivar ‘Pacovan Ken' had the highest T __.,
38.6 °C, while ‘Japira’ had the lowest value, 35.9 °C (Table
5). According to Table 6, there was anincrease in T, from
34.9 °C, recorded at 8:00 h, to 40.3 °C atf 14:00 h, due to
the increase in air temperature, which caused anincrease

Leaf’

of E, from 5.9 to 7.16 mmol H,O m?s?, and a decrease in
A/E, from 3.6 to 2.0 ymol CO, m? s’ mmol' H,0 m?s™. This

Comunicata Scientiae, v.14: e4125, 2023
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59.2 A 45.9 BC 55.5 AB 53.9 AB 40.3C 52.5 AB 48.4 B 51.6 AB 53.15 AB 45.0 BC 50.6 B 50.6 25.49

54.7 AB

Means followed by uppercase letters in columns for months do not differ significantly by the Kruskal-Wallis test at 0.05 significance level. Char. - characteristics; Q. - Incident radiation on the leaf (umol photons m?s”); T . - leaf temperature (°C); C - Internal CO, concentration (umol CO, mol');

E - Transpiration (mmol H,0 m?s"); g, - Stomatal conductance (mol H,0 m?s7); A - Net photosynthesis (umol CO, m?s); A/E - Instantaneous water use e
photons m?s)); A/Ci - carboxylation efficiency ((umol CO, m?s’')(umol CO, mol')); A/g, - Intrinsic water use efficiency ((umol CO, m?s”)(mol H,O m?s')

A/g

iency ((umol CO, m?s')(mmol H,O m?s')"); A/Q,, - quantum or photochemical efficiency of photosynthesis ((umol CO, m?s")(umol

); CV - Coefficient of variation.

Table 7. Physiological characteristics evaluated in the third leaf
of tall ‘Prata’ banana plants, at different times. Guanambi, BA,

Brazil
Times
CV A (08:00-14:00)
Char. Mean
08:00h 14:00 h (%) (%)

.., 3498 403A 376  10.54 15.23
C 2215A 21578 2186 833 259
E 59B  70A 65 3664 20.54
g, 04A 028 03  53.42 41.67
A 206A 138B 172  35.46 33.04
AJE 36A  20B 28 4177 -45.50
A/C, 002A 002B 0020 15492 476
A/Q., O009A 006B 0079 3612 32.29
Alg 4718 542A 506 2549 14.98

Means followed by the letter A had higher values and means followed by the letter B had lower values,
and differ significantly at 0.01 and 0.05 significance levels by the Wilcoxon test. Char. — characteristics;
T - Leaf temperature (°C); C, - Internal CO, concentration (umol CO, mol); E - Transpiration (mmol

Leof
H,0 m?s7); g, - Sftomatal conductance (mol H,O m?s”); A - Net photosynthesis (umol CO, m? s');
A/E - Instantaneous water use efficiency ((umol CO, m?s')(mmol H,0 m? s')'); A/Q,. - Quantum
or photochemical efficiency of photosynthesis (umol CO, m? s')(umol photons m? s')'); A/C, -
Carboxylation efficiency ((umol CO, m?s”) (umol CO, mol')"); A/g, - Infrinsic water use efficiency ((umol
CO, m?s')(mol H,0 m?s')"); A(08:00-14:00), represents the percentage variation of the physiological
variable, when compared to the measurements performed at 08:00 and 14:00 h; (-) - Represents
decreases; and, (+) - Represents increases. CV - Coefficient of variation.

mechanism is performed by the banana favored by the
moisture in the soil from irrigation and aims at cooling the
plant to reduce thermal stress (Arantes et al., 2018), even
under lower g..

Transpiration (E) was higher in four genotypes,
namely ‘PV79-34', ‘Pacovan’, ‘Pacovan Ken' and
‘Preciosa’, and lower in the culfivar ‘Japira’ (Table 5).
November (2010) and January (2011) were the months
that led the cultivars to show the highest values for E,
while the lowest means were verified in February and May
2011 (Table 6). It was observed that the banana plants
showed the highest means of E in the afternoon, at 14:00
h and the lowest means at 8:00 h (Table 7).

The cultivar ‘Japira’ was the most efficient for
water use (A/E), compared fto ‘Pacovan Ken’, ‘Pacovan’,
‘Preciosa’ and '‘PV79-34' (Table 6). The highest means
for A/E were recorded in the banana plants in August
(2011), with 3.7 ((pmol CO, m? s') (mmol H,O m?2s')7),
while the lowest means were found in November (2010)
and January (2011) (Table 6). The highest rate of A/E was
observed in the morning, at 8:00 h, while the lowest rate
was observed at 14 hours (Table 7).

Despite the lower water use efficiency, indicating
higher water consumpftion per mol of fixed carbon, the
high transpiration rate of the hybrid '‘PV79-34" (Table 6)
suggests greater cell turgor, defense against thermal
stress, and is associated with its higher vigor (Azevedo
et al., 2010), which corroborates the higher yield and
production efficiency per leaf area unit discussed
previously. However, (Ramos et al., 2018) recorded higher
yield in the ‘Magd’ cultivar with higher photosynthetic
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rate and higher A/E. The best way fo obtain maximum A/E
values is by establishing a good ratio between maximum
CO, absorption and minimal H,O loss, which is obtained
when the stomata are partially closed, promoting better
use of water by the plant; however, open stomata may
contribute to higher yield.

The banana plants showed significant variation in
A/E between the months (Table 6) and times evaluated
(Table 7). In April, they showed the highest value for A/E, 5.3
pumol CO, m? s mmol'H,0 m?s, similar to that recorded
in Sepfember, while the lowest value was observed
in July, 2.5 uymol CO, m? s' mmol' H,O m?2s™, similar to
those recorded in February, March, August and October
(Table 6). Between reading times, A/E decreased 34.58%
from 8:00 to 14:00 h, indicating a strong reduction in the
photosynthesis rate, due to the increase in transpiratfion
(Table 5), corroborating the results found by (Arantes et
al., 2016), (Ramos et al., 2018) and (Coelho et al., 2019).

The physiological behavior of banana varies
with climatic conditions. In the semi-arid region of Bahia,
the seasons are well defined, with hot and rainy summer
and cold and dry winter. In the spring, November and
December, with higher precipitation and higher humidity,
associated with high air temperatures and high VPDair,
the Q. of the banana plants showed intermediate
values, 1.417 and 1.155 umol photons m? s, respectively,
while the T __ . showed higher values, 40.6 and 39.8 °C,
respectively (Table 6). According to (Turner et al., 2007),
the photosynthetically active radiation recommended
for banana is between 1.500 and 2.000 umol photons
m2 s, with drastic reduction of photosynthesis when it is
below 1.000 pmol photons m? s,

The association of climatic conditions in
November and December caused the banana plants
to show a similar physiological behavior, except for
transpiration (E), which had higher values in November
(8.6 mmol H,O m?s') and lower values in December (6.9
mmol H,O m?2s™).

In summer, months with records of minimum
precipitation higher than 50 mm, high air temperatures
and relative humidity and lower VPDair, the highest
mean of Q__
February, 1,614 umol photons m? s', while the lowest
mean was found in March, 1,408 pmol photons m? s’
(Table 6). This period was characterized by the record
of the highest values of T__. and lowest values of C.
Despite the similarities, compared by the Kruskal-Walli’s
test, between A/E, A/Q_,
percentage variation of 45.12% from the lowest absolute
value in February (12.5 pmol CO, m? s) to the highest

was recorded in the banana plants in

Leaf

and A, the lafter showed a

value in January (18.1 umol CO, m?s). Transpiration rates
were higher in January (8.6 mmol H,0 m? s), while A/g,
was lower ((45.9 umol CO, m?2s') (mol H,O m?2s')7). The
banana plants showed lower g, (0.2 mol H,O m? s7) in
February compared to the other months of the season.
In autumn, with precipitation recorded only in
May, intermediate air relative humidity and temperatures
and lower VPDair, the Q,__ recorded in June was higher
(1,530 pmol photons m?s') compared to the other months

Leaf

of the season, while leaf temperature was lower (35.3 °C).
Despite the similarities indicated by the stafistical test for
C., E A, A/Eand A/Q_,. the parameter g was higher in
April (0.49 mol H,O m? ') and lower in May (0.30 mol H,O
m2 s7), month that the banana plants also had lower
carboxylation efficiency ((0.058 umol CO, m? s')(umol
CO, mol')") and higher infrinsic water use efficiency
((52.5 pmol CO, m?s')(mol H,O m?s) -1).

In the period comprising the winter, characterized
by the absence of precipitation, mild temperatures
and lower relative humidity and infermediate values of
VPDair, the banana plants showed similar values of T _
C, Eand g.. A and A/E rates were highest in August ((20.2
pmol CO, m? s') and (3.7 ymol CO, m? s') (mmol H,0O
mZs')1), respectively, and lowest in July ((16.1 umol CO,
m? s') and ((2.6 ymol CO, m?2 s') (mmol H,O m? s)7),
respectively. The A/Q,__ recorded in the banana plants
was highest in September ((0.053 ymol CO, m?2s”) (umol
photons m? s')7), while A/g, was lowest ((45.0 pmol
CO, m?s') (mol H,O m? s')"). Measurements of A/C, in
the banana plants in winfer recorded highest values in
August and September, 0.095 ((umol CO, m? s') (umol
CO, mol')") and 0.091 ((umol CO, m?s™) (umol CO, mol
1)), respectively.

The gas exchange measured in the tall ‘Prata’
banana plants differed between reading times (Table
7). Radiation quality, higher relative humidity and lower

Leaf

air temperature, as well as lower VPDair at 8:00 h,
compared to 14:00 h, allowed greater thermal comfort
for the banana plants, which showed lower values of
leaf temperature, 34.9 and 40.3 °C, respectively, higher
C. probably due to higher g, higher rates of A, which
shows the higher inferference of g, and translates into a
value 41.67% higher at 8:00 h, differently from the lower
rates of E, which point fo lower interference of g, and
higher A/E, A/Q .
the afternoon required 20.54% higher franspiration rates
in the banana plants, for maintenance of water status
and turgor pressure, as well as for cooling (Marques et
al., 2018; Rodrigues Filho et al., 2020). Associated with the
reduction of around 33.04% in the net photosynthesis rate,

and A/C.. Environmental conditions in
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the water use efficiency was lower in this period, with a
reduction of 45.40%. The decrease in photosynthesis in
this case is more associated with the stomatal factor,
because the reduction in carboxylation efficiency was
only 4.76%, unlike the results reported by (Donatfo et al.,
2021), who found a decrease of 47.05% in A/C, when
the temperature increased by 10.2 °C, ranging from 30.2
°C, a temperature close to opfimal for photosynthesis
in the banana crop (Robinson & Sauco, 2012), at 8:00 h
to 40.4 °C at 14:00 h, which points to another enzymatic
problem, with increase in oxygenase activity in RuBisCO,
while in the present study the leaf femperature ranged
from 34.9 to 40.3 °C.

Also associated with this, the morning period favors
the photosynthetic process due to the predominance,
at 8:00 h, of radiation with wavelength within the red
and far-red range, with better effect on photosynthesis,
while the predominant radiation from 10:00 h can cause
photoinhibition, because of the higher energy (Donato
et al., 2021).

It is recurrent in the local semi-arid region to
record increase in temperature combined with low
relative humidity, conditions that result in high vapor
pressure deficit in the atmosphere, observed mainly in the
months of September, October and February (Donato et
al., 2015; 2021). These conditions cause the increase in
evapotranspiration demand, affecting all metabolic and
physiological processes of the plant, which is proven by
variations in the physiological characteristics of banana
plants influenced by evaluation periods (Table é) and
reading times (Table 7).

The amount of carbon dioxide (CO,) in the
environment deftermines the internal concentration of
this gas in the plant, which in turn moves from the most to
the least concentrated medium, by diffusion, regulated
by the opening and closing of the stomata, being also
a factor that influences stomatal closure (Arantes et al.,
2016). The photosynthesis is favored by higher C,, whereas
low values can alter the activity of the RuBisCO enzyme
from carboxylase to oxygenase, causing increased
photorespiration and decreased net photosynthesis.

Water relations and gas exchange are directly
related because the movement of opening and closing
of stomata is the main mechanism of confrol of gas
exchange in higher plants, which are influenced by
climatic conditions (Taiz et al., 2017). Thus, the recorded
values may be associated with the oscillations in
accumulated solar radiation and air temperature, as
well as variations in relative air humidity and precipitation
along the experimental period. Transpiration and drought

avoidance pattern varies with genotype (Eyland et al.,
2022), photosynthesis rates can increase with changes
in planting density and arrangement (Barrero-Violeth et
al., 2020), and tfranspiration rates and leaf temperature
can be maintained with changes irrigatfion shift and
irigation system settings as they influence changes in leaf
angle (Lage et al., 2020). These changes in management
improve canopy environmental conditions, gasexchange
and water relations

A high photosynthesis rate, in most cases, is due
to the increase in g, which allows greater absorption
and consequent fixation of carbon dioxide (Taiz et al.,
2017), justifying the values of photosynthesis recorded
in the morning in the present study, because the
temperature was already out of the optimal range for
photosynthesis in banana (Robisnon & Galdn Sauco,
2012). Although (Eyland et al.,, 2021) argue that the
dominant photosynthesis limiting factor was the diffusional
limitation associated with gs kinetics, under diurnally
fluctuating light conditions the impact of gs speediness
on A and intrinsic water use efficiency depended on time
of day, with a setback in kinetics during the afternoon.
According to (Gago et al., 2020), leaf photosynthesis is
dependent on CO, availability at the carboxylation sites
and is, therefore, strongly influenced by g.. A/g, showed
a slight increase of 6.35% from 8:00 to 14:00 h, illustrating a
gain in photosynthetic efficiency with the reduction of g,
and being little affected by temperature.

A/Q,, is a characteristic that assesses plant
efficiency in converting sunlight into energy (ATP). In the
present study, the A/Q_, recorded in banana leaves
at the different times decreased by 32.22% from 8:00 to
14:00 h (Table 7).

Conclusions

1. The internal CO, concentration, net photosynthesis
rate, instantaneous water use efficiency, carboxylation
efficiency and quantum efficiency of photosynthesis,
recorded in the banana leaves, are higherin the morning,
favored by the higher stomatal conductance and lower
leaf temperature resulting from the meteorological
conditions, while transpiration and intrinsic water use
efficiency increase in the afternoon period.

2. The hybrid ‘PV79-34' has higher yield and production
efficiency per leaf area unit, associated with high
franspiration, compared to the ftall ‘Prata’ banana
cultivars studied.
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