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1 RESUMO

O cultivo de platanos tem grande importancia para a seguranca alimentar mundial necessitando,
assim, de informacdes sobre 0 uso de estratégias que permitam aumentar a sua produtividade.
O objetivo deste trabalho foi avaliar o crescimento, producdo, qualidade fisico-quimica dos
frutos e a produtividade da agua do platano, cv. D’ Angola, cultivado em diferentes niveis de
adubacdo, laminas de dgua e densidade de plantas. Adotou-se o delineamento experimental em
blocos casualizados, esquema de parcelas subsubdividas, sendo trés niveis de adubacdo (1,0;
1,25 e 1,5 da dose recomendada), duas laminas de irrigacdo (60 e 100 % da evapotranspiracao
da cultura) e duas densidades de plantas (1.600 e 3.200 plantas ha). A produtividade da dgua
para a densidade de plantio de 3.200 plantas ha superou em 69,87 % a PA para a densidade de
1.600 plantas ha. Em termos de qualidade de fruto a menor densidade (1600 plantas ha)
apresentou-se com maiores valores das variaveis. O aumento na densidade de plantio de 1600
para 3200 plantas ha promoveu acréscimo no ciclo produtivo, aumentando a produtividade de
pencas na ordem de 69 %, o que é equivale a um incremento de 11 t ha™.

Palavras-chave: Musa spp., densidade de plantio, produtividade da 4gua, produtividade.
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2 ABSTRACT

The cultivation of plantain is highly important for global food security; thus, information on the
use of strategies to increase productivity is needed. The objective of this work was to evaluate
the growth, production, physical-chemical quality of the fruits and water productivity of
plantain, cv. D'Angola, cultivated with different fertilizer levels, water depths and plant
densities. The experimental design was adopted in randomized blocks, with a subsubdivided
plot scheme, with three levels of fertilizer (1.0, 1.25 and 1.5 of the recommended dose), two
irrigation levels (60 and 100% of the crop evapotranspiration) and two plant densities (1,600
and 3,200 plants ha ). The water productivity at a planting density of 3,200 plants ha *
exceeded the PA at a density of 1,600 plants ha "1 by 69.87%. In terms of fruit quality, the lowest
density (1600 plants ha ) presented the highest values of the variables. The increase in planting
density from 1600 to 3200 plants ha * promoted an increase in the production cycle, increasing
bunch productivity by approximately 69%, which is equivalent to an increase of 11 t ha ..

keyword: Musa spp., planting density, water use efficiency, productivity.

3 INTRODUCTION

The African continent is the world's
leading producer of plantains. Among the
countries, Uganda stands out with a plantain
production of 10,440,849.48 t, followed by
the Democratic Republic of the Congo with
4,887,511.00 t and Ghana with 4,819,198.63
t (FAO, 2022). Brazil is the fifth largest
banana-producing country in the world,;
however, this classification is generally used
for all banana cultivars and varieties,
including plantains (FAO, 2022).

Plantains (Musa spp., AAB) are
herbaceous plants belonging to the
Musaceae family that have large fruits with
prominent corners and high starch contents
(Soto, 2011). They are highly important for
human food security. There is little
information about plantain cultivation,
especially in Brazil, and the use of
technologies has been extrapolated from
other varieties (Faria et al., 2010; Moura et
al., 2002). This may be a limiting factor in
obtaining better crop production rates and/or
increasing the waste of inputs, especially
water and fertilizers.

Evaluation work on bananas is rare,
mainly due to the scarcity of varieties that
allow for more than one potentially

productive cycle. In other words, in the case
of other banana trees, the evaluation of
varieties is carried out for at least two cycles.
In the case of bananas, the evaluation can be
carried out in a single cycle since many
genotypes are currently cultivated as annual
crops (Arantes; Donato; Silva, 2010). Thus,
the generation of knowledge that has local
validity and verification, aimed at obtaining
technological improvements for each
cultivation situation, becomes essential
(Costa et al., 2012).

Phytosanitary strategies such as
increasing the density of fruit tree planting
have become a global trend since this
practice promotes better use of soil, labor
and inputs, in addition to increasing
productivity. However, appropriate use of
technologies, such as  fertigation,
phytosanitary management and crop
management, is necessary (Biswas; Kumar,
2010). However, plant responses to
increased plant density are site-specific and
related to interactions among the soil, water,
genotype and environment.

Studies on the combination of
technologies with high plant population
densities are necessary for cultivated
bananas (Santos et al., 2019). This is
because increasing the planting density
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reduces excess solar radiation; reduces the
emergence of weeds, which reduces the use
of herbicides; helps cool plants; reduces
water evaporation from the soil; and
improves the growth, development and
productivity of banana plants (Donato et al.,
2013). This strategy of increasing plant
density in the case of plantain crops seeks to
overcome the problems associated with the
high incidence of borers, which limits these
plantations to a single cycle of potential
productivity. In other words, increasing the
number of plants per clump can be
equivalent, in terms of production potential,
to more than one cycle in the same year.

However, high plant densities can
increase the time elapsed for flowering and
harvesting (Magalhdes et al., 2020; Santos et
al., 2019). Athani, Revanappa and Dharmatti
(2009) concluded that increasing the number
of plants per unit area affects the production
per plant and the percentage of plants
harvested, which influences growth factors
and total productivity. Therefore, the best
planting density should be adjusted
considering the characteristics of the
cultivar, the type of soil, the climatological
factors of the region, crop management, and
the associations between technologies that
increase  productivity and water use
efficiency.

Water use efficiency can be defined
as the ratio between commercial yield and
the water effectively used by the crop as
evapotranspiration (Jensen, 2007) and is
essential for crops in regions with scarce
water resources. Simsek et al. (2005) and
Zhang et al. (2004) calculated water use
efficiency by the ratio between commercial
yield and crop evapotranspiration, whereas
Aujla, Thind and Butar (2005) used a ratio
between yield and the total amount of water
received by the plants (irrigation +
precipitation).

Water use efficiency can be
increased by reducing irrigation depth,
which can save water and increase profits
without decreasing yield (Melo et al., 2010;

Oliveira; Coelho Filho; Coelho, 2013;
Teixeira; Quaggio; Mellis, 2011). The
effects of planting density and irrigation
depth were evaluated in the first and second
production cycles of 'Prata And' banana and
in the first production cycle of 'BRS Platina’
banana by Magalhdes et al. (2020) and
Santos et al. (2019), respectively. These
factors are usually analyzed in the first two
cycles of banana cultivation, since as a plant
increases in size, positive responses are not
expected with increasing planting density in
successive cycles. Water use efficiency
increases with decreasing gross irrigation
depth to be applied or with increasing crop
productivity (Coelho et al., 2013a), which
can be achieved by increasing plant density.
In this sense, this work aimed to
evaluate the growth, production, physical-
chemical quality of fruits and water
productivity of banana cv. D'Angola
subjected to different plant densities,
fertilization rates and water depths.

4 MATERIALS AND METHODS

The study was conducted from June
2013 to November 2014 in the experimental
area of Embrapa Cassava and Fruits, located
in the municipality of Cruz das Almas,
Bahia, Brazil, at an altitude of 220 m, with
geographic coordinates of 12°40'19” south
latitude and 39°0622” west longitude of
Greenwich. The climate of the region is
classified as humid to subhumid, with an
average annual rainfall of 1200 mm, an
average monthly temperature of 24°C and an
average annual relative humidity of 80%
(Souza; Souza, 2001). Soil samples were
collected at depths of 0 to 0.20 m, 0.20 to
0.40 m and 0.40 to 0.60 m and sent to the
Soil Physics Laboratory and the Soil and
Plant Nutrition Laboratory, both at Embrapa
Cassava and Fruit Growing, Cruz das
Almas, Bahia, for chemical and physical—
hydric analyses of the soil, the results of
which are shown in Tables 1, 2 and 3.
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Table 1. Physical attributes of the soil in the experimental area.

Texture Porosity
Layer ds . ] Textural class
Sand Silt Clay Macro Micro
m gcgm' _ gkg* g
0-0.20 143 766.0 610 173.0 1553 15.09 Sandy Loam
0.20-0.40 153 699.0 47.0 2540 1095 17.79 Sandy Clay Loam
0.40-0.60 134 5470 81.0 3720 1345 19.79 Sandy Clay

d s - soil density. Source: Author (2024).

Table 2. Volumetric moisture in equilibrium with the soil matric potential of the experimental

area.
Depth Voltage (kPa) Water available
(m) -10  -33 -300  -1500 (m3m-3)
0-0.20 0.1406 0.1167 0.1083 0.1032 0.0930 0.0478
0.20-0.40 0.1801 0.1571 0.1473 0.1365 0.1328 0.0472
0.40 - 0.60 0.1947 0.1691 0.1595 0.1491 0.1478 0.0469
Font and Author (2024).

Table 3. Chemical attributes of the soil before implementation of the experiment.

pH inwater P’ K’2 Ca”® Mg’s AI’® In”?2 v MO

Prof. (m) - mgdm =2 ... cmol cdm 3 .................. % gkgt
0-0.20 8.1 53 037 24 16 0 0.26 100 11.75
0.20 - 0.40 7.3 41 045 1.7 12 0 0.14 100 7.96

2 Mehlich-1 extractor; ® KCI/1 M extractor; * Modified Walkley & Black.

Font and Author (2024).

The irrigation water came from a
reservoir located near the experimental area,
whose physical-chemical analysis revealed
the following results: electrical conductivity
(EC) = 650 dS m %; hydrogen potential (pH)
= 7.6; sodium adsorption ratio (SAR) = 3.6;
and irrigation water classification (USSL) =
C2s1.

Micropropagated seedlings of the
D'Angola plane tree, genomic group AAB,
and Terra subgroup (Musa Acuminata X
Musa balbisiana) were used. The spacing
used was 2.5 m between plants and 2.5 m
between rows of plants. During planting,
holes 0.40 m long x 0.40 m wide x 0.40 m
deep were dug. The foundation fertilization
consisted of 100 g of the micronutrient

mixture in the form of oxysilicates (FTE BR
12) and 12 L of cured cattle manure per
clump. Before the flowering of the plants, a
new application of 12 L of cured cattle
manure was made. Phosphorus (P 2 O s) was
applied to the hole before transplanting, in
the form of simple superphosphate, at a dose
of 165 g per clump.

Topdressing fertilization was
performed weekly via fertigation with the
aid of an injection pump, with urea used as
the nitrogen source and potassium chloride
used as the potassium source. The amounts
of nitrogen (N) and potassium applied to the
banana cv. D'Angola were 1.0, 1.25 and 1.5
of the recommended dose; for nitrogen, 200,
250 and 300 kg ha " year " and potassium
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300, 375 and 450 kg ha * year 1
respectively; therefore, the fertilization level
was 1 - 200 kg ha " year "1 of N and 300 kg
ha " year " of K ;2 O; the fertilization level
was 2 - 250 kg ha * year " of N and 375 kg
ha ! year * of K 2 O; and the fertilization
level was 3 — 300 kg ha *year 1 of N and
450 kg ha year of K ;0.

A localized drip irrigation system
with one lateral line per row of plants was
used, with three self-compensating emitters
of 4 L h " per plant, with one emitter next to
the plant and two others spaced 0.5 m from
the first emitter. The experimental design
included randomized blocks with four
replications in a split-subplot scheme. The
plots comprised fertilization levels 1, 2 and
3; the subplots comprised the irrigation
depths: 60% of ETc and 100% of ETc (Table
4); and the subplots comprised the plant
densities: 1,600 plants ha * (one plant per
clump) and 3,200 plants ha * (two plants per
clump).

Irrigation management was carried
out by associating the ETo data collected at
the station with the soil moisture data.
Moisture was monitored three times a week,
with readings taken early in the morning,
before irrigation, via a TDR100 (time
domain reflectometry) sensor. The sensors
were installed at depths of 0.20 m and 0.40
m 0.25 m from the plant in the direction of
the dripper plant. Using the retention curve
and considering the moment of irrigation
due to critical moisture, which corresponds
to a 25% reduction in available water, the
water depth corresponds to the ETc since the
last irrigation was applied.

The biometric growth variables
studied during floral emission were plant
height, pseudostem diameter, number of
functional leaves and leaf area. This last
variable was estimated by the length and
maximum width of the third leaf of the plant,
based on equation (1) proposed by Alves,
Silva Junior and Coelho (2001).

AF = 0,901 = (C * L)+2135 (1)

where:

AF - Total leaf area (cm2);

C - Length of the third sheet (cm);
L - Width of the third sheet (cm).

To describe the cycle phases, the
total number of days from planting to
flowering (DPF), the number of days from
flowering to harvest (DFC) and the number
of days from planting to harvest (DPC) were
evaluated. During the harvest period, the
following parameters were evaluated:
number of leaves, weight of bunches per
bunch, weight of stalks per bunch, bunch
mass (weight of bunches + weight of stalks),
number of bunches per bunch, number of
fruits per bunch, length and average
diameter of the fruit (central finger of the
second and penultimate bunches), in
addition to the productivity of bunches and
bunches.

Water  productivity (WP) was
obtained from the relationship between
productivity and the calculated gross
irrigation depth, expressed in kg mm
according to Loomis (1983) (eq. 2).

__ PROD

PA=—o 2)

where:

P A = Water productivity (kg mm );
PROD = Productivity of bunches of each
treatment (kg ha %);

LBA = Gross applied depth corresponding to
crop evapotranspiration in each treatment on
irrigation days (mm).

To determine the postharvest
attributes of the fruits of the banana cultivar
D'Angola, the second bunch of each bunch
of useful plants from the treatments was
removed. The following evaluations were
performed: bunch weight; fruit weight;
number of fruits per bunch; fruit length
determined by measuring the external
curvature of each fruit from the shoulder to
the end of the fruit; and fruit diameter from
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the middle region of the fruit. The
percentages of fruit pulp and fruit moisture
or loss by desiccation were also evaluated
via a semianalytical balance (1AL, 2005).

Soluble solids (SS) were obtained via
a portable refractometer, and the results were
expressed as sugar percentages and °Brix
values (LFA, 1973). The total titratable
acidity (AT) of the fruit pulp and the
percentage of malic acid (g 100 g * of fresh
tissue) were determined according to the
AOAC (1975). The fruit ripeness index
(SS/AT), i.e., the proportion of sugar per
acid, was obtained from the ratio between
soluble solids (SS) and total titratable acidity
(AT) (Sinclair, 1961). The pH was
determined via the potentiometric method
with a benchtop pH meter (1AL, 2005).

For nutritional evaluation, samples
were collected from the third leaf from the
apex, with the inflorescence at the stage of
all female clusters uncovered (Borges,
2004). These samples were sent to the
irrigation and fertigation laboratory, taken to
greenhouses, where they were kept for one
week at 65°C, crushed and then sent for
chemical analysis.

The data were statistically evaluated
via the normality test once the
homoscedasticity of the data was confirmed.
The data were analyzed in the statistical
program R (TEAMS R, 2023) via the Tukey
mean test 1 and 5% significance and the
normality test of the residues via the
Shapiro—Wilk test and homogeneity of
variances  (Kolmogorov—Smirnov). The
dependent variables were then observed
regarding the effects of fertilization, water
depth, and plant density and the unfolding of
their interactions. The means of the

dependent variables influenced by the
fertilization levels and the unfolding of their
interactions were then compared via the
Tukey test. The means of the dependent
variables that were influenced by depth and
planting density were subjected to the F test.

5 RESULTS AND DISCUSSION

The total precipitation throughout the
cycle was 1230.8 mm, with an average of
87.9 mm month L. Irrigation during the crop
cycle was supplementary, with precipitation
occurring throughout the crop cycle (Figure
1). The greatest irrigation depth applied was
in the treatment with 100% ETc or 354.0
mm. The periods of greatest irrigation need
were from December 2013 to April 2014 and
from August to November 2014. In the first
period mentioned above, depths of 146 and
87 mm were applied via irrigation for the
treatments with 100 and 60% ETc,
respectively, corresponding to a total of 41%
of the water depth applied throughout the
cycle. In the second period mentioned
above, the amount of water applied via
irrigation was 138 and 83 mm for the
treatments with 100 and 60% ETc,
respectively, corresponding to 39% of the
total share of the irrigation depths applied.
From April 2014 onward, the share of
irrigation effectively decreased; this phase
included the reproductive period of the crop,
due to the excess water in the soil (Figure 1).
This phase has the highest water demand of
the crop and is theoretically the most
sensitive to the effects of the irrigation depth
treatments.
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Figure 1. Crop evapotranspiration (ETc), precipitation (rainfall) and irrigation levels applied
during the cycle of the 'D'Angola’ plane tree.
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Font and Author (2024).

In this treatment, 141.6 mm more plantations in coastal plateau conditions is
water was applied than in the treatment with 940 mm. However, in this study, the smallest
60% ETc or 212.4 mm (Table 4). According water depth applied plus the precipitation
to Coelho, Oliveira and Pamponet (2013b), added up to a total of 1443 mm, a value
the most suitable water depth for D'Angola higher than the value described above.
Table 4. Total water depth applied throughout the experimental period.

Applied blade — mm
Etc ETc + Precipitation
100% 60% 100% 60%
353.98 212.39 1584.78 1443.19
Font and Author (2024).

The growth variables (number of variable was influenced by the fertilization x
total live leaves, height, diameter, total leaf density interaction.
area), as well as the variables of the Table 5 presents the mean values for
cultivation phases (days from planting to the growth variables of the crop phases
flowering, period of fruit filling and days according to the planting densities. The
from planting to harvest), were not means of all growth variables for the 3200
influenced (p>0.05) by the fertilization plants ha -1 Planting density \yere greater, except
levels studied. Among the growth variables, for the stem diameter, where the lowest plant
only the number of days from planting to density (1600 plants ha ) provided a
flowering was influenced by the irrigation pseudostem diameter with a relatively high
depth and by the fertilization x depth value; similarly, Athani, Revanappa and
interaction. Plant density did not influence Dharmatti (2009) and Coelho, Oliveira and
the period of fruit filling; however, this same Pamponet (2013b), evaluating different crop

spacings in banana, reported the maximum
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pseudostem diameter for the lowest plant
density. However, Coelho, Oliveira and
Pamponet (2013b) reported values, on

average, of 12.09 leaves, which was greater
than those of the treatments with only one
plant (Table 5).

Table 5. Growth variables and periods for flowering and harvesting of the banana cv.

'‘D'Angola’.
Density NFT ALT AFT DPF DPC
plants ha ! - —m— m ? days —
1600 14.23b 3.05b 0.22to 10.68b 315.15b 421.40b
3200 26.32a 3.28a 0.20b 21.29a 346.82 a 458.31a

Averages followed by distinct letters in the column, within each attribute, differ statistically by the F test (p<0.05);
NFT - total number of leaves; ALT - pseudostem height; DPS - pseudostem diameter; AFT - total leaf area; DPF
- number of days from planting to flowering; DPC - number of days from planting to harvest (total period of the

cycle).
Source: Author (2024).

Faria et al. (2010) evaluated Terra-
type plane trees with 1666 plants ha " and
reported that cv. D'Angola stood out, with an
average of 14.2 leaves per plant at the time
of flowering. The average value of the total
leaf area, similar to the total number of
leaves, for density (3200 plants ha ) was
10.61 m2 greater than that for density (1600
plants ha ), providing an increase of 8% in
the number of leaves, which also presented
higher values for the variable plant height
(Table 5). Belalcazar (2002), working with
the planting density of the Dominico—Harton
plane tree (Musa AAB Simmonds) at a
spacing of 3.0 x 2.0 m, with one, two and
three plants per clump, obtained heights of
35 m, 42 m and 4.3 m, respectively,
indicating that population density influences
plant height.

The period in days from planting to
flowering (DPF) and days from planting to
harvest (DPC) for the treatment with 3200
plants ha "t was longer than that with 1600
plants ha 1, increasing by 31.67 days at
flowering and 36.91 days at harvest (Table
5). These results are in agreement with those
of Belalcazar (2002); however, the increase
in days in the vegetative phase can be
compensated for by the increase in
production, indicating the use of up to three
tillers per clump for cv. Dominico-Harton,

where the author reported 15.5, 18.0 and
20.0 months of vegetative cycles for one,
two and three plants per clump, respectively.
A significant effect of the blade x
fertilization interaction was observed on the
average number of days from planting to
flowering. Compared with plants subjected
to 100% ETc, those subjected to 60% ETc
were subjected to fertilization 18 days earlier
3. The treatment with F1 subjected to 100%
ETc resulted in an earlier cycle, which did
not differ from that of the treatment with F2,
regardless of the irrigation depth applied
(Table 6). Moura et al. (2002), working with
the 'Comprida Verdadeira' plane tree in
Amaraji-PE, found an average of 322 days
from planting to flowering for a 2.0 x 2.5 m
spacing, a value similar to those described in
this experiment.

The density x fertilization interaction
had a significant effect (p<0.05) on the
number of days of fruit filling (DEC). The
density of 1600 plants ha  presented earlier
fruit development than did the density of
3200 plants ha 1. The DEC was influenced
by fertilization, with a density of 3200 plants
ha 1, where the plants subjected to
fertilization 1 presented later fruit filling
than the other plants did, mainly compared
with those in the treatment with fertilization
2 (Table 6).
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Table 6. Days elapsed between planting and flowering (DPF) for the interaction between
fertilizer dose and irrigation depth and days elapsed between planting and filling
(DEC) for the interaction between fertilizer dose and planting density.

Fertilizing Etc Density (plants ha -V
NK 2O (kg ha “*year -
1) 60% 100% 1,600 3,200
DPF DPC
1-200-300 322.51aA 319.03aA 102.23aA 120.67 bB
2 - 250-375 32454aA 336.04aB 105.58 aA 105.91 aA
3 - 300-450 332.76 aA  351.03BC 110.92 aA 107.90 aAB

Means followed by the same lowercase letter in a row do not differ from each other according to the F test (p<0.05).
Means followed by the same uppercase letter in the same column do not differ from each other according to the

Tukey test (p<0.05).
Source: Author (2024).

The mean values of the production
variables, including the number of total live
leaves, number of fingers per bunch, number
of bunches per bunch, bunch mass per
bunch, bunch productivity, bunch and water
productivity, were not influenced (p>0.05)
by the fertilization level studied. The source
of variation in irrigation depth influenced
(p<0.05) only the water productivity
variable. The planting density influenced
(p<0.05) all the production variables. The
interactions of fertilization x  depth,
fertilization x density and depth x density
did not significantly affect any production
variable.

The average number of live leaves at
harvest decreased by 5.9 and 13.2 for
densities of 1600 plants ha *and 3200 plants
ha " respectively, in relation to the average
value of this variable during floral emission
(Tables 6 and 8), which can be explained
according to Silva et al. (2006) reported that
the translocation of photoassimilates for fruit
formation becomes the preferential drain of
the plant.

The number of fruits per bunch
(NFR) was greater for the treatments with a
density of 3200 plants ha *, presenting a
percentage variation in relation to the
density of 1600 plants ha * of 81.27%.

Coelho, Oliveira and Pamponet (2013b),
working with a planting density of 2000
plants ha 2, reported an average of 34.47
fruits per bunch, values slightly higher than
those verified in this study at a density of
1600 plants ha " or 29.47 fingers (Table 7).
These results do not match the results of
Scarpare Filho and Kluge (2001), who tested
different spacings of the banana tree 'Nanic&'
and reported that the number of fruits per
bunch tended to be greater at lower densities.

The number of bunches per bunch of
the two productive plants per clump (Table
7) at a density of 3200 plants ha * increased
in relation to the density (1600 plants ha )
of 92.92%. Cavalcante et al. (2014), when
studying banana cv. D'Angola at different
planting densities (1111, 1333, 1666, 2000,
and 2500 plants ha ") aimed at controlling
black sigatoka, an increase in the number of
bunches with increasing density from 1666
to 2500 plants ha * on the order of 87% was
reported. Coelho, Oliveira and Pamponet
(2013b), working with cv. D'Angola at a
density of 2000 plants ha " under the same
soil and climate conditions as those used in
the present study, reported an average
number of bunches of 6.36, which was close
to the value found at a density of 1600 plants
ha L.
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Table 7. Variables evaluated in the harvest of the banana cv. 'D'Angola’.

Density NFT NFR NPE MPE MCA PPE PCA SHOVEL
Tl S R —— (kg) (kg) (tha?) (that) (kgmm1)
1600 8.33b 29.47b 6.78b 10.18b 10.91b 16.28b 17.46b 25.89b
3200 13.16a 53.42a 13.08a 17.25th 18.51a 27.60a 29.6la 43.98a

Means followed by the same lowercase letter in the columns do not differ from each other according to the F test
(p<0.05). NFT - number of total live leaves; NFR - number of fruits per bunch, NPE - number of bunches per
bunch, MPE - bunch mass per bunch, MCA - bunch mass, PPE - bunch productivity, PCA - bunch productivity

and PA - water productivity.
Source: Author (2024).

The mass of bunches (MPE) and
bunches (MCA) at a density of 3200 plants
ha ! resulted, on average, in increases of
69.45% and 69.66%, respectively, in relation
to the density of 1600 plants ha " (Table 7).
The yields of the bunches (PPE) and PCA in
the treatments with two plants/clump (3200
plants ha 1) exceeded those of the other
treatments by 69.53 and 69.61%,
respectively, for the same density of 1600
plants ha " (one plant clump ). The increase
from one to two productive plants per clump
resulted in increases in productivity per
hectare of 11.32 and 12.15 t ha ! for PPE and
PCA, respectively (Table 7). The average
productivity considering the density of 1600
plants ha * was higher than that obtained by
Cavalcante et al. (2014), who obtained 17.73
t ha " with a density of 1666 plants ha *
under the conditions of Acre.

The water productivity (WP) at a
planting density of 3200 plants ha
exceeded the WP at a density of 1600 plants
ha 1 by 8987% \hich means that in the
treatment with a density of 3200 plants ha
there was any increase in the WP of 18.1 kg of
banana per 10 m3 ° water per hectare due to
the increase in productivity of 11.32 t ha !
(Table 7). This increase in efficiency is

expected because of the greater increase in
productivity for the same applied depth.
Pamponet (2013) evaluated two planting
densities from the second cycle (2000 and
4000 plants ha ) with cv. Prata-Ani
irrigated by a microsprinkler and reported an
increase in BP for a density of 4000 plants
ha 1 in relation to 2000 plants ha * as a result
of an increase in bunch productivity of 80--
85% in relation to a density of 2000 plants
ha 1.

The 60% ETc depth was more
efficient than the 100% ETc depth, with an
increase in PA of 8.87 kg of banana per
millimeter of water or per 10 m3 ° water per
hectare (Table 8). This difference
represented an increase of 29.1% in the
PUA, with savings of 141.6 mm of water
from the highest to the lowest irrigation
depth. Under the experimental conditions,
there was no effect of depth on productivity.
The PAs were close to or greater than the
maximum water use efficiency,
corresponding to the 922 mm depth (29.6 kg
mm 1) considered the most suitable for this
cultivar obtained by Coelho, Oliveira and
Pamponet (2013b) under the same soil and
climate conditions.
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Table 8. Average water productivity (WP) of banana cv. 'D'Angola'.

SHOVEL
Blade
(kgmm )
60% of ETc 39.37 a
100% of ETc 30.50 b
Means followed by the same letter in the same column do not differ from each other according to the F test
(p<0.05).
Font and Author (2024).

The analysis of variance revealed
that the physical quality variables of the
fruits of the banana cv. D'Angola (average
mass of the 2nd bunch, number of fingers of
the 2nd bunch, average finger mass, fruit
length, fruit diameter, pulp mass, pulp
diameter, peel thickness, and pulp yield) and
the chemical variables (hydrogen potential,
total soluble solids, total titratable acidity,
SS/AT ripening index and fruit moisture
percentage) of the fruits of the 2nd bunch of
the banana cv. D'Angola were not influenced
by the fertilization level studied (p>0.05).
The irrigation depth had an effect only on the
number of fruits in the 2nd bunch and on the
fruit moisture percentage (p<0.05). The
planting density influenced (p<0.05) the
following variables: bunch weight, number
of fruits, fruit length, pulp weight, titratable
acidity and maturation index (SST/ATT).
The interactions of fertilization x blade,
fertilization x density and blade x density
had no effect (p>0.05) on any of these
variables.

The average values of the physical
quality variables of the fruits of the banana
cultivar D'Angola in the treatments with one
productive plant per clump were greater than
those of the plants in the treatment with two
productive plants per clump. These results
are in agreement with those of Scarpare
Filho and Kluge (2001), who reported that
the adoption of low densities (1666 and 1333
plants ha 1) results in the production of
larger fruits, although with lower production
than high densities do.

The pulp mass and fruit length
variables in this study were greater for the
treatments with one productive plant per
clump than for the treatments with two
productive plants per clump. Faria et al.
(2010), under the conditions of Guanambi,
BA, which works with phytotechnical
evaluations of Terra-type bananas, reported
an average fruit length of cv. D'Angola of
26.1 cm, which is lower than the average
value obtained in this experiment for the two
densities.

Table 9. Variables evaluated in fruits of banana cv. 'D'Angola’.

Density MPE NDE MMD CFR DFR MPO ECS DPO PUT
plantsha”  (g) - (@ (m (mm) (g) (mm) (mm) (%)
1600 2095.4a 6.69a 319.22 29.88a 44.63 208.28a 4.47 36,38 65.4
3200 1827.1b 5.92b 294.91 27.98b 435 191.04b 4.42 35.38 64.86

*Meanings without letters in the columns do not differ from each other according to the F test (p<0.05). MMP -
average mass of the 2nd hand of the bunch, NDE - number of fingers of the 2nd hand of the bunch, MMD - average
finger mass, CFR - fruit length, DFR - fruit diameter, MPO - pulp mass, DPO - pulp diameter, ECS - peel thickness,

RPO - pulp yield.
Source: Author (2024).
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The titratable acidity was also greater
in the treatments with one productive plant
per clump. However, the average maturation
index was greater for treatments with two

the fact that this index is inversely
proportional to titratable acidity, a value that
was greater for density with one plant per
clump (Table 10).

plants per clump, which can be explained by

Table 10. Variables evaluated in the pulp of the fruits of the banana cv. 'D'Angola’.

Density pH SST ATT SST/ATT UMI
plants ha - (°Brix) (%) - (%)
1600 4.47 10.91 0.54 to 20.55b 41.86
3200 4.42 11.23 0.49b 22.83 a 39.29

*Means without letters in the columns do not differ from each other according to the F test (p<0.05). pH - hydrogen
potential, TSS - total soluble solids, ATT - total titratable acidity, SS/AT - ripening index (Ratio No.) and UMI -
fruit moisture percentage (UMI). Source: Author (2024).

The number of fingers and the
percentage of fruit moisture for the
treatments under the 100% ETc were greater
than those for the plants subjected to 60%
ETc (Table 11). The values of fruit moisture
percentage described in this experiment

were lower than those described by Silva
(2013) in cv. D'Angola under the conditions
of Cruz das Almas-BA, where values
ranging from 47 to 62% were reported in a
study with different doses of nitrogen and
irrigation levels.

Table 11. Averages of the number of fingers of the 2nd hand of the bunch (NDE) and
percentage of fruit moisture (UMI) of the fruits of the banana cv. D" Angola.

Blades NDED Humid
(%)

60% ETc 5.98b 39.02b

100% ETc 6.63 a 4213 a

Means without letters in the columns do not differ from each other according to the F test (p<0.05).

Source: Author (2024).

Analysis of variance revealed that
the fertilization level and irrigation depth
had no effect (p>0.05) on any of the foliar
macro- or  micronutrients  analyzed.
However, density had an effect only on
phosphorus and sulfur (p<0.05). The
interactions had no effect on the foliar
macro- or micronutrients analyzed (p>0.05)

(Table 12). The macro- and micronutrient
contents in the present study (Table 12) were
within the recommended ranges for nitrogen
(2.65--3.12 dag kg 1), phosphorus (0.13--
0.17 dag kg 1), potassium (2.2--2.53 dag kg
1), boron (14--30 mg kg ) and zinc (14--16
mg kg ) according to Borges and Silva
Junior (2001).
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Table 12. Results of macro- and micronutrient contents in the third leaf of the banana cultivar
'‘D'Angola’.
Density Nt P2 K2 & Caz Mg2 B3 Cu? Fe2 Mn?2 Zn? Na?
plantsha™t .................... dag Kg L. mmmmmmmmmeeeeee L I —
1600 2.98 0.18b 3.22 0.19b 0.84 0.34 15.73 3.97 82.2 29.23 14.73 45.26

3200 3.05 0.19a 3.3 0.22a 0.84 0.34 17.57 3.78 89.37 30.21 16.04 47.22
*Soil Laboratory of the EPAMIG North of Minas Regional Unit; 1 - Sulfuric digestion - Kjeldahl method; 2 -
Nitric-perchloric digestion; 3- Dry digestion dag/kg = (%); mg/kg = (ppm). Means without letters in the columns
do not differ from each other according to the F test (p<0.05).
Source: Author (2024).
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