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Performance of 'Vitéria'
pineapple in response to
different types of shoots and
ages of floral induction

Abstract — The objective of this work was to evaluate the effect of shoot types
and plant ages for floral induction on the performance of 'Vitdria' pineapple
(Ananas comosus). The experiment was carried out from April 2015 to
December 2016, using shoots of two different classifications (slips of 100 to
200 g and suckers of 201 to 300 g). Artificial floral induction was performed
at the eighth, tenth, and twelfth months after planting, and natural induction
was also evaluated. Evaluations for vegetative development, phenology, and
productivity were performed. A significant interaction was observed between
the studied factors for width and area of the “D” leaf. Shoot type did not
influence productivity. Natural flowering extended the crop cycle by 617 days.
The induction performed at the eighth month anticipated harvest by up to 167
days. Earlier inductions reduced productivity by 58.15% due to the reduction
of fruit mass. Naturally induced plants produced larger fruit ranging from 1.0
to 1.2 kg. Inductions from the eighth to the tenth month promote harvesting in
more favorable seasons.

Index terms: Ananas comosus, flowering, production scheduling.

Desempenho do abacaxizeiro 'Vitéria'
em resposta a diferentes tipos de
mudas e idades de indugao floral

Resumo — O objetivo deste trabalho foi avaliar o efeito de tipos de mudas
e idades da planta para a inducdo floral no desempenho do abacaxizeiro
'Vitéria' (Ananas comosus). O experimento foi realizado de abril de 2015 a
dezembro de 2016, com mudas de duas classifica¢des diferentes (filhotes
com 100 a 200 g e rebentdo com 201 a 300 g). A inducédo floral artificial
foi feita no oitavo, no décimo e no décimo-segundo més apds o plantio, e
a inducdo natural também foi avaliada. Realizaram-se avaliagdes quanto
ao desenvolvimento vegetativo, a fenologia e a produtividade. Observou-se
interacdo significativa entre os fatores estudados quanto a largura e a area da
folha “D”. O tipo de muda ndo influenciou a produtividade. O florescimento
natural estendeu o ciclo da cultura em 617 dias. A indugéo realizada no oitavo
més antecipou a colheita em até 167 dias. Induc¢des mais precoces reduziram
a produtividade em 58,15%, em razdo da reducdo da massa dos frutos. Plantas
induzidas naturalmente produziram frutos maiores, que variaram de 1,0 a 1,2
kg. As indugdes do oitavo ao décimo més possibilitam colheitas em épocas
mais favoraveis.

Termos para indexacio: Ananas comosus, florescimento, escalonamento da
produgao.
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Introduction

Brazil is the third largest pineapple producer
worldwide, with 2,253,897 tonnes of fruit in 2017
(FAO, 2019). The fluctuation of fruit supply throughout
the year is one of the main bottlenecks in the pineapple
production chain (Sahoo et al., 2015). In the state of
Espirito Santo, the highest prices paid to pineapple
farmers occur in April, May, and July because of
the supply reduction (Ceasa-ES, 2017). In order to be
able to shift harvest seasons to more economically
favorable periods of the year, it is necessary to define
management strategies for the production scheduling.

Artificial flowering induction is among of some
recommended strategies for production scheduling
(Sahoo et al., 2015). The lower is the vigor of the plants
at the time of floral induction, the lower will be the
quality of fruit. In addition, the age of floral induction
varies according to genotype and to the cultivation
environment (Barker et al., 2018). For this reason, the
ideal time to perform the floral induction should be
identified to plan the control of the desirable harvesting
season of fruit with market standard.

Planting time is the key for natural floral induction
(Kist et al., 2011), as it influences the plant vegetative
development (Ganem, 2015). Because the natural
floral induction in pineapple occurs as a result of
short days and low temperatures (Maruthasalam et al.,
2010), management strategies should be created in the
different producing regions for the different genotypes
used.

The type and size of shoots used also influence the
production cycle of pineapple (Fassinou Hotegni et
al., 2015), therefore production scheduling is possible
for planting shoots of different sizes (Reinhardt et
al., 2018). In general, “slip” type shoots show a lower
vigor than the suckers; thus, plants obtained from the
suckers reach the appropriate size to induce flowering
in a shorter time, which causes the reduction of the
crop cycle (Reinhardt et al., 2018).

Studies on the management of pineapple flowering
were performed mainly for the 'Smooth Cayenne',
aiming to define methodologies for the scheduling of
production in different regions in Brazil (Kist et al.,
2011). However, there are few studies on the 'Vitoria'
pineapple, which is resistant to the fungus that causes
fusariosis.

The objective of this work was to evaluate the effect
of using different types of shoots and plant ages for
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floral induction on the performance of pineapple
'Vitoria'.

Materials and methods

The experiment was carried out from April 2015 to
December 2016, in the Sooretama Experimental Farm,
of Incaper, located in the northern Espirito Santo state,
Brazil, in the municipality of Sooretama (19°11'30"S,
40°05'46W, at 30 m altitude). The climate is classified
as Aw — humid tropical, with dry winter and hot and
humid summer, according to the Koppen-Geiger’s
classification (Alvares et al., 2013).

The experimental design was a randomized
complete block in a split-plot arrangement (2x4),
with eight treatments, and four replicates. Each plot
consisted of 288 plants, 80 from which were useful
plants composed of two types of shoots, classified as
slips of 100200 g, and suckers of 201-300 g. The split-
plots consisted of 72 plants, and the 20 central useful
plants were evaluated. Floral induction was performed
at 8, 10, and 12 months after planting, besides the
natural induction, according to the methodology of
Kist et al. (2011). A total of 576 plants were used per
block, totaling 2,304 plants, including those in the
lateral borders.

Planting was done in double-row spacing
(0.9x0.4x0.30m), maintainedunderasprinkler-watering
system of irrigation. Fertilization was performed
according to the results of soil analysis, as indicated in
the liming and fertilization recommendation manual
for the state of Espirito Santo (Prezotti et al., 2007).
All crop and phytosanitary treatments necessary for
the adequate development of the crop were carried
out. Artificial floral induction was performed using
100 mg L' ethephon (2-chloroethylphosphonic acid)
based product by applying 30 mL per plant on the leaf
rosette, according to Kist et al. (2011), between 8:00
and 9:00 h.

At the time of floral induction, growth linear
measurements of the “D” leaf were evaluated for total
length and width, in the lower-third using a millimeter
ruler. Based on these measurements, the total leaf
area was determined using the formula proposed by
Francisco et al. (2014) for the 'Vitoria' pineapple, as
follows: LA = 19.298 (L x W) — 559.9, in which LA
is the total leaf area (cm?), L is the length, and W
is the width of the “D” leaf. During this period, the
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total number of plant leaves was also evaluated. For
the study of the 'Vitoria' pineapple growing cycle, the
periods between floral induction and harvest onset
were determined, as well as planting, start of harvest,
and total days of harvest.

Daily data for temperature (in °C, minimum,
maximum, and average), rainfall (mm) and relative
humidity (%) were obtained at the automatic weather
station in the municipality of Linhares, in the state of
Espirito Santo (Figure 1). The thermal requirements (°C
days) were determined between planting and flowering
induction (vegetative phase), in the flowering induction
at the beginning of the harvest (reproductive phase),
and between planting and the beginning of the harvest.
For the characterization of thermal requirements, the
thermal constants were calculated in degree-days
(DD). When the minimum temperature (T,;,) was
higher than the base temperature (Ty), the daily value
(DD;) was given by the equation DD; = Taverage = This
in which Tayerage 18 the average air temperature (°C) of
the day. When Ty, was lower than T, DD; was given
by the equation DD; = [(Tyax - T6)?) / 2(Twyax - Tmin)]s

proposed by Villa Nova et al. (1972), in which Ty, is
the maximum air temperature (°C) of the day. The T,
used was 15.8°C (Carvalho et al., 2005).

Fruit harvesting started in May 2016. Fruit were
harvested at the maturity stage, corresponding to
the spotted ones (up to 25% of its orange-yellow
peel), according to the specific normative instruction
for white flesh pineapple (Brasil, 2017). Yield was
calculated (Mg ha'), considering 20 fruit from each
subplot, which were used to evaluate the average mass
of crowned fruit, determined from weighing multiplied
by planting density (51,282 plants ha™).

Data were subjected to the analysis of variance,
and means were compared by the Tukey test, at 5%
probability, using the Genes statistical software (Cruz,
2013).

Results and Discussion

A significant effect of induction time was observed
on leaf growth and development (Table 1). For “D” leaf
length of the, the highest mean was obtained with the
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Figure 1. Total rainfall, relative humidity, and average, maximum, and minimum temperatures recorded at the weather
station in the municipality of Linhares, in the state of Espirito Santo, from April/2015 to December/2016.
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induction at 12 months, and no influence of the shoot
type was observed. For “D” leaf width, a significant
interaction was observed between the studied factors.
Naturally induced plants had the smallest “D” leaf
width for both types of shoots. In artificially induced
plants, an increase was found for the width, evidenced
mainly in the inductions performed at 8 months,
for both shoot types, and at 10 months for the slip
shoot type. Plants induced at 12 months obtained
intermediate values of width for the “D” leaf.

The “D” leaf has been considered the most important
one in pineapple management, as it is able to reflect the

nutritional status of the plant, and its development is
used as an indicator of the ideal period for the artificial
floral induction and for the prediction of fruit mass
at harvest (Guarconi & Ventura, 2011). However, in
the present study, the biometric characteristics of “D”
leaf were not considered to indicate plant vigor, since
naturally induced plants had the lowest-width values
of “D” leaf, and achieved the highest yield (Table 1)
and fruit mass (Figure 2).

According to Kiister et al. (2018), values for length
and width of the “D” leaf are strongly influenced by
both genotype and environment, and they should not

Table 1. Vegetative development and yield of '"Vitéria' pineapple (Ananas comosus) in response to the different types of

shoots and ages of floral induction®.

Shoot Induction age Mean
8 months 10 months 12 months Natural

“D” leaf length (cm)
Slip (100200 g) 55.46 63.46 65.52 60.98 61.36A
Sucker (201-300 g) 58.79 56.17 67.29 59.85 60.53A
Mean 57.12b 59.82b 66.41a 60.42b
CV (%)shoot type 8.19
CV (%)induction age 6.44

“D” leaf width (cm)
Slip (100200 g) 5.03Aa 4.97Aa 4.28Ab 3.58Ac
Sucker (201-300 g) 5.04Aa 4.28Bb 4.30Ab 3.53Ac
CV (%)shoot type 1.73
CV (%0)inducion age 6.08

Total leaf area (cm?)
Slip (100200 g) 4906.47Aa 5591.76Aa 4974.96Aa 3686.19Ab
Sucker (201-300 g) 5067.78Aa 4241.75Bab 5112.84Aa 3547.76Ab
CV (%)shoot type 12.13
CV (% )nduction age 11.8

Number of leaves
Slip (100200 g) 26.76 31.54 37.73 47.22 35.81A
Sucker (201-300 g) 27.68 28.31 39.07 45.71 35.19A
Mean 27.22¢ 29.92¢ 38.40b 46.47a
CV (%)shoot type 13.57
CV (% )induction age 14.79
Yield (Mg ha'')

Slip (100-200 g) 25.41 34.69 38.99 55.60 38.67A
Sucker (201-300 g) 21.58 25.31 28.62 56.67 33.05A
Mean 23.49¢ 30.00bc 33.81b 56.13a
CV (%0)shoor type 29.69
CV (%)induction age 18.79

(MMeans followed by equal letters, uppercase in the columns and lowercase in the lines, do not differ by Tukey’s test, at 5% of probability.
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be used as quality indicators of pineapple fruit 'Vitoria'.
Pineapple leaf show a high plasticity, changing its
morphological characteristics to optimize the use of
environmental resources (Cheng et al., 2018).

For the total leaf area, the behavior was similar
to that observed for the width of the “D” leaf, with
a significant interaction between the studied factors.
The total leaf area was higher in artificially induced
plants than in plants with natural flowering, except for
the sucker type shoot induced at 10 months, which did
not differ from other treatments.

The similarity of response of the total leaf area with
that of the “D” width is probably due to the model
proposed by Francisco et al. (2014), which uses the
product of the linear dimensions of “D” leaf. Due to
the existence of leaf plasticity in pineapple plants,
and to the fact that the model had been obtained
under controlled conditions, the results of the present
study provide an indication that this model should be
reviewed.

The environmental conditions over plant growth
should also be considered (Figure 1). The induction
at 8 months was performed in December, a period
of high temperature and rainfall, which favors the
leaf development of pineapple plants (Ebel et al.,
2016). Therefore, the increase of the D leaf width, in
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Figure 2. Total mass of 'Vitéria' pineapple (4Ananas
comosus) fruit, planted in April 2015, originally from slip
and sucker shoots artificially induced at 8, 10, 12 months

after planting, and natural induction. Bars represent the
standard error of the mean.

plants induced at 8 and 10 months, may have caused
a compensatory effect on the total leaf area due to the
reduction of the number of leaves of induced plants
(Table 1).

When sucker type shoots, which are heavier and
with more stored nutrients (Fassinou Hotegni et al.,
2015), were used, such effect was not observed in
the induction at 10 months probably because, at this
time, the plants had already had the ability to produce
enough photoassimilates to support the reproductive
period.

The largest number of leaves was found in natural
floral induction (Table 1). In plants induced at 12
months, the number of leaves was higher than in plants
induced at 8 and 10 months. The treatment of pineapple
plants with Ethrel promotes an increase of the ethylene
levels, and a reduction of gibberellin levels, as well as
alterations in the expression of several genes, resulting
in the induction of the apical meristem differentiation
of the aerial part in flower buds (Espinosa et al., 2017).
When the reproductive development begins, the apex
stem meristem ceases to produce leaves and begins
to produce flowers, which upon the inflorescence
formation returns to the vegetative capacity, forming
the crown (Reinhardt et al., 2018). In late inductions,
plants will continue the vegetative development,
producing new leaves over this period (Fassinou
Hotegni et al., 2015).

The higher productivity in naturally induced plants
and in the induction at 12 months, as well as the lowest
productivity in plants induced at 8 and 10 months
(Table 1), can be explained by the growth period
before the floral induction (Table 2), which provided
the vegetative development, evidenced by the number
of leaves (Table 1). Therefore, a shorter period of
vegetative development led to a lower accumulation
of reserves and a lower ability to support fruiting
(Figure 2). Plants accumulate reserve compounds
over the vegetative period. Such compounds are
redistributed in the post-induction period to fruit
development and growth (Marques et al., 2013).
Therefore, a later floral differentiation determines a
longer period of vegetative growth, which leads to a
greater accumulation of photoassimilates and promotes
the formation of larger fruit (Kist et al., 2011).

The type of shoot used as propagative material
influenced the leaf characteristics only in the induction
performed at 10 months, with a greater width of the
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“D” leaf and total leaf area (Table 1). The type of shoot
anticipated the harvest in one week, and the thermal
sum from planting to the beginning of the upper harvest
was 40°C day (Table 2). However, these differences did
not influence the fruit yield (Table 1). It is likely that
the initial variation of the weight of the propagating
material used in the study was partially compensated
during the crop development (Fassinou Hotegni et al.,

2015). Therefore, it is recommended that the farmers
do not discriminate between these two shoot patterns
at the establishment of 'Vitéria' pineapple cultivation.
Considering the days from planting to harvest, and
the duration of the harvest, a significant difference
was observed between the induction ages, while for
the time of floral induction to the beginning of the
harvest, there was an effect of the induction age and of

Table 2. Planting to harvest onset period in days, floral induction to harvest onset, harvest duration, and thermal sum of
'Vitoria' pineapple (4dnanas comosus) plants in response to the different types of shoots and ages of floral induction®.

Induction age

Shoot Mean

8 months 10 months 12 months Natural®

Dec./2015 Feb./2016 May/2016

Planting to harvest onset (days)
Slip (100200 g) 388.07 472.34 553.65 597.35 502.85A
Sucker (201-300 g) 392.81 481.58 561.41 592.03 506.96A
Mean 390.44d 476.96¢ 557.53b 594.69a
CV (%)shoot type 0.80
CV (%) mauction age 1.06
Floral induction to harvest onset (days)
Slip (100-200 g) 152.07 172.34 174.65 - 166.35B
Sucker (201-300 g) 156.81 181.58 182.41 - 173.60A
Mean 154.44b 176.96a 178.53a -
CV (%)shoot type 1.36
CV (%0)imaucion age 3.28
Harvest duration (days)
Slip (100-200g) 23.75 32.75 40.50 19.75 29.19A
Sucker (201-300g) 31.25 27.75 47.50 21.50 32.00A
Mean 27.5b 30.25b 44.00a 20.62b
CV (%)shoot type 32.44
CV (% )induction age 29.70
Thermal sum of floral induction to harvest onset (degree- days)
Slip (100200 g) 1,595.9 1,410.9 1,056.1 - 1,354.3A
Sucker (201-300 g) 1,608.4 1,425.4 1,187.7 - 1,407.2A
Mean 1,602.2a 1,418.2b 1,121.9¢ -
CV (%)shoot type 3.63
CV (% )induction age 5.34
Thermal sum of planting to harvest onset (degree-days)

Slip (100-200 g) 3,499.2 4,034.3 4,545.8 5,007.2 4,271.6B
Sucker (201-300 g) 3,512.2 4,050.4 4,676.9 5,006.8 4,311.6A
Mean 3,505.7d 4,042.3¢ 4,611.4b 5,007.0a
CV (%)stoot ype 0.76
CV (%) induction age 1.70

(MMeans followed by equal letters, uppercase in the columns and lowercase in the lines, do not differ by Tukey’s test, at 5% probability. - Not determined.
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Types of shoots and ages of floral induction in pineapple 7

the type of shoot (Table 2). The period from planting
to the beginning of the harvest, which includes the
vegetative and reproductive phases, was longer in
naturally induced plants, and it decreased according
to the age of artificial induction. The duration of this
period was approximately 20, 19, 16, and 13 months,
respectively for naturally induced plants and at 12,
10, and 8 months. These differences for the period
from planting to the beginning of the harvest are in
agreement with studies conducted in other regions
(Kist et al., 2011), showing the possibility of using
ethephon for pineapple production scheduling also in
the north of Espirito Santo state.

Liu et al. (2018) suggested that the induction with
ethephon triggered the photoperiodic pathway for
flower initiation, therefore, explaining the independent
flowering of the inductive photoperiod. Ethephon-
mediated induction probably mimics the process of
vernalization in the floral transition, increasing the
expression, and promoting a positive regulation of
the floral meristem identity genes involved in flower
development (Liu & Fan, 2016).

The following phase is the reproductive one and
includes flowering and fruiting (Cunha, 2005).
In our experiment, the duration of this phase was
approximately five months for plants induced at 8

Planting Floral induction

8 months 152

months (Table 2). The onset of flowering of naturally
induced plants was not evaluated, but the reproductive
period in naturally induced plants is believed to be
approximately 6 months. The reduction in about one
month in the reproductive period of plants induced at 8
months can be explained by the action of temperature
(Figure 1). In most Brazilian producing regions, this
period lasts for five to five and a half months, when
fruit maturation occurs in the hottest period, and
it lasts from five and a half to six months, when the
maturation happens in the coldest season (Ganem,
2015).

The induction at 8 months was performed in
December (Figure 3). According to Espinosa et al.
(2017), 72 hours after the application of Ethrel, the
differentiation of the apical meristem of the aerial
part in flower buds is already observed. Therefore, the
reproductive period occurred between December 2015
and May 2016 (Figure 3), when temperatures were
higher (averages from 24.2 to 27.7°C). Only in May,
at ripening time of these fruit, the minimum average
temperature was lower (20.5°C). Zhang et al. (2011)
observed that fruit development in the winter was 40
days longer than in the summer. However, although the
environment was favorable for fruiting, plants induced
at 8 months showed a lower vegetative development,

Harvest A

12 months 172
10 months 175
Natural flowering (597 days)

Planting Floral induction

B
8 months 157

Harvest

12 months 181
10 months 182
Natural flowering (592 days)

£

ay June July Aug. Sept. Oct. Nov. Dec. Jan.

Feb. Mar. Apr.

May June July Aug. Sept. Oct. Nov. Dec. Jan.

Figure 3. Cycle of 'Vitoria' pineapple (Ananas comosus) with 100 to 200g slip shoot (A), and 201 to 300g sucker shoot (B)
artificially induced, at 8, 10, 12 months after planting, and natural flowering.

Pesq. agropec. bras., Brasilia, v.55, €01598, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01598



8 D.L. Barker et al.

which resulted in reduced yield (Table 1) and fruit size
(Figure 2).

Regarding plants induced at 12 months, the
reproductive phase occurred from April to September
2015 (Figure 3), when the lowest temperatures were
observed (Figure 1), which caused the increase of the
harvesting period, in comparison with other treatments
(Table 2). The increase of the harvesting period can
be explained by the effect of temperature on the color
of the peel, considering that the standardization of the
harvest criterion is the apparent fruit ripeness.

When fruit development ends, the ripening period
begins, with a change of the peel color from green to
yellow and, after two weeks, it reaches the commercial
standard (Zhang et al., 2016). Temperature has a great
influence on the peel color. In the summer, the highest
content of total chlorophyll and the lowest level of
carotenoids are observed (Joomwong, 2006).

The influence of temperature on the development
of pineapple plants can be quantified by the values
of the thermal sum (Table 2). The thermal sum in
the reproductive period increased sequentially at 8,
10, and 12 months. Carvalho et al. (2005) also found
that the later is the induction, the lower is the thermal
sum value. Higher-thermal sum values suggest that
more days are required to meet the thermal flowering
requirements (Kist et al., 2011). This result can be
explained by the lower vegetative development at
the time of floral induction (Table 1) because, to be
responsive to inductive factors, the plants need to
reach a specific size (Cunha, 2005).

In the natural and artificial floral induction
performed at 12, 10, and 8 months, the value of the
thermal sum was sequentially higher, considering
both the vegetative and reproductive developments
(period from planting to harvest). As soon as they
were subjected to the ethephon treatments, the plants
started flowering, shortening the productive cycle
proportionally to the induction period, showing the
efficiency of the technique once more. Non-induced
plants received the flowering stimuli only in July,
when the low-night temperatures coincided with the
shorter length of the day.

The flowering management made allowed of the
production scheduling (Figure 3). Flower induction at
8 and 10 months made it possible to harvest between
May and August, when the market prices are more
favorable to the farmer, according to Ceasa-ES (2017).
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The harvests referring to natural and 12-month floral
induction occurred between October and December,
when prices are lower due to the concentration of the
crop (Ceasa-ES, 2017).

The total mass of artificially induced plant fruit was
below the standards required for fresh consumption
and export (Figure 2). According to Ceagesp (2003),
pineapple fruit must have at least from 900 to 1,200
g for domestic fresh consumption, and 700 to 2,300
g for export. However, fruit with lower mass can be
processed for juice or candy industries (Vilela et al.,
2015).

Conclusions

1. Shoot types do not affect the performance of
pineapple 'Vitoria'.

2. The number of leaves is the vegetative variable
that best expresses the ability of the pineapple plant to
support productivity, at the time of floral induction,
and it is directly proportional.

3. Early flower induction reduces productivity by
reducing the fruit mass.
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