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Abstract

Natural flowering in pineapple crops can cause significant economic losses to growers, resulting in uneven 
fruiting, which hinders phytosanitary operations and the scaling of fruit harvest. The objective of this work was 
to evaluate the tolerance of eight pineapple cultivars to natural flowering induction in Tangara da Serra, Mato 
Grosso, Brazil.  The cultivars BRS-Ajuba, BRS-Imperial, BRS-Vitoria, Gigante-de-Tarauaca, IAC-Fantastico, Jupi, 
Perola, and Smooth-Cayenne were evaluated. Planting was carried out in May of 2018, in a randomized block 
design, with five replications and 20 plants per plot. Plant height, D-leaf length, and percentage of induced 
plants were evaluated. The surveying period of plants naturally induced was between May and September 
2019. In this period, the plants were between 12 and 16 months of age, with adequate D-leaf lengths and plant 
heights for the occurrence of flowering induction. There were days with night-time temperatures below 15 °C; 
the lowest photoperiod was in June. The cultivars Smooth-Cayenne, BRS-Imperial, and IAC-Fantastico were 
tolerant to the natural induction, which resulted in uneven fruiting, causing losses to growers.
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Introduction
Pineapple (Ananas comosus (L.) Merr var. 

comosus) is a Bromeliaceae grown in tropical and 
subtropical regions (Chen et al., 2016). The production in 
Brazil reached 2.4 million Mg in an area of 65,049 hectares 
in 2020, making it the third largest pineapple producing 
country in the world (Fao, 2020). Natural flowering 
induction (NFI) is among factors that affect pineapple 
crops (Wang et al., 2007); it can cause significant 
economic losses to growers because of uneven flowering 
and fruiting, requiring multiple phytosanitary operations in 
the same parcel and harvests (Liu et al., 2020). In addition, 
it affects the scaling of fruit harvest and, when natural 
induction occurs in plants with sizes lower than the ideal 
for flowering, they will result in small fruits.

Several factors are responsible for the occurrence 
of NFI, such as temperature, photoperiod, solar radiation, 
sensitivity of the cultivar, plant size, and other factors 

that lead to NFI (Sanewski & Bartholomew, 2018). 
Natural flowering occurs in the winter, since pineapple 
is a short-day plant; the decrease in photoperiod and/
or temperature induces the apical bud to produce an 
inflorescence instead of leaves (Ricce et al., 2014). 

According to (Friend, 1981), natural induction 
occurs earlier in environments that present mean 
day/night temperatures of 30/20 °C, under an 8-hour 
photoperiod. Moreover, (Bartholomew, 2013) reported 
that photoperiods lower than 11 hours and 30 minutes 
are more likely to induce natural flowering, and some 
data denote that NFI occurs in response to increases in 
ethylene production in the stem apical tissue and in the 
white basal tissue of young leaves.

Early flowering induction using artificial flowering 
inducers and the use of seedlings with adequate size 
are alternatives for the control of natural flowering, thus 
avoiding early flowering and production losses to the 



2Comunicata Scientiae, v.15: e4108, 2024

Arantes et al. (2024) Tolerance of pineapple cultivars to n...

grower due to lower size and weight of fruits (Pereira et 
al., 2015).

D-leaves with weights equal to or higher than
80 g and lengths of at least 1.0 m are recommended to 
obtain quality fruits for the cultivar Perola. In this case, the 
occurrence of NFI may provide the conditions to produce 
large-size fruits (Oliveira, 2009). However, the occurrence 
of NFI may result in small fruits when the plant has a small 
size and, consequently, low prices. In this context, the 
objective of this work was to evaluate the tolerance 
of pineapple cultivars to NFI in Tangara da Serra, Mato 
Grosso, Brazil.

Material and methods
The experiment was carried out at the Mato 

Grosso State University (UNEMAT), in the municipality of 
Tangara da Serra, state of Mato Grosso, Brazil (14°37'55''S, 
57°28'05''W, and altitude of 321 m). The region presents 
a mean annual rainfall depth of 1.830 mm and mean 
temperatures between 24.4 and 26.1 °C, with two well-
defined seasons: a rainy season between October and 
April and a dry season between May and September 
(Martins et al., 2010). The soil of the area was classified as a 
Typic Hapludox (Latossolo Vermelho distrofico, according 
to the Brazilian Soil Classification System; Santos et al., 
2018).

The soil was prepared with plowing, harrowing, 
and opening of furrows. Based on the analysis of the 0–20 
cm layer, the soil presented the following results: pH (water) 
of 5.2; 1.48 mg dm-3 of P; 80 mg dm-3 of K; 0.12 cmolc dm-3 
of Al; 0.85 cmolc dm-3 of Ca; 0.29 cmolc dm-3 of Mg; 3.75 
cmolc dm-3 of H+Al; 1.3 cmolc dm-3 of sum of bases; 5.05 
of cation exchange capacity at pH 7.0; 25.75% of base 
saturation; and 12 g dm-3 of organic matter. Liming and 
soil fertilizer application at planting and topdressing were 
carried out following recommendations for pineapple 
crops (Embrapa, 2021).

The planting was carried out in May 2018, in 
double rows with spacing of 1.2×0.4×0.4 m. The seedlings 
used were suckers with approximately 35 cm length, 
obtained from the active germplasm bank of the 
UNEMAT. The cultivars BRS-Ajuba, BRS-Imperial, BRS-Vitoria, 
Gigante-de-Tarauaca, IAC-Fantastico, Jupi, Perola, and 
Smooth-Cayenne were evaluated. A randomized block 
experimental design was used, with five replications and 
20 plants per plot.

The control of weeds was carried out by manual 
weeding and application of herbicides recommended 
for the crop. Irrigation was carried out three times a week. 
The surveying of number of plants naturally induced was 
carried out weekly from May 01 to September 18, 2019, 

which is the period when the lowest temperatures and 
photoperiod occur (Martins et al., 2010). The induced 
plants were identified upon observations of emergence of 
the shoot floral apex. This surveying was used to calculate 
the accumulated percentage of naturally induced 
plants. The other variables evaluated were: plant height 
(cm), measured from the ground to the highest leaf at 
natural position of the plant; and D-leaf length (cm), 
measured with the aid of a tape ruler, from the leaf base 
to the tip (Queiroz et al., 2003).

The data of percentage of induced plants, plant 
height, and D-leaf length were subjected to analysis of 
variance by the F test, using the R 4.0.0 program (R Core 
Team, 2017), and the means were grouped by the Scott-
Knott test (p<0.05).

Weather data were collected through an 
automatic meteorological station (Campbell Scientific) 
installed next to the experiment, which is linked to the 
Climate Laboratory of the Geoprocessing and Remote 
Sensing Technology Center. The meteorological station 
was equipped with a Datalogger (CR1000) that provides 
readings every 20 minutes and hourly means, using 
sensors of temperature and relative air humidity (CS215), 
barometer (CS106), pyranometer (CMP3), anemometer 
(03002-R.M.), and a pluviometer (TB4 rain gauge). The 
data collected were transformed to daily means and 
tabulated in spreadsheets for data analysis, considering 
the minimum temperatures (°C) and global solar radiation 
(MJ m2 d-1) from April to September 2019.

The photoperiod was calculated for each day 
of the year, considering the local latitude (-14.65°) and 
then the crop period was selected. The solar declination 
was determined according to (Cooper, 1969), as used 
by (Vianello and Alves, 2000), based on the equation:  
= 23.45 sen[360/365 (284+n)], where n is the Julian day. 
The solar day duration (H, expressed in degrees) was 
then determined, through the equation cos H = -tg*tg, 
where  is the local latitude (decimal) and  is the solar 
declination (degrees). The photoperiod (N) was then 
determined according to the equation N = 2H/15’ where 
N is expressed in hours (decimal).

Results and discussion
The change from the vegetative to the 

reproduction stage in pineapple crops is an essential 
step in the plant cycle. Flowering is controlled by 
several endogenous and exogenous signals, including 
photoperiod, temperature, and plant age (Song et 
al., 2013; Van Doorn & Kamdee, 2014). In the period of 
surveying plants with natural flowering induction (NFI), 
there were days with night-time temperatures below 
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15 °C (Figure 1): 3 of them in May, 2 in June, 8 in July, 
and 5 in August. In September, there was no record of 
temperatures below 15 °C. Temperatures below 15 
°C, mainly night-time, stimulate NFI in pineapple plants 
(Bartholomew & Sanewski, 2018).

(Gowing, 1961) evaluated the cultivar Smooth-
Cayenne, comparing night-time temperatures of 15, 23, 
and 26°C, and found that the night-time temperature of 
15 °C induced the flowering when combined with short-
day periods. Although the cultivar Smooth-Cayenne 

Figure 1. Minimum air temperatures, global solar radiation, and photoperiod between April and September 2019. Tangara da 
Serra, MT, Brazil.

In addition to temperature, photoperiod also 
varied during the evaluation period; it was 11 hours and 
19 minutes in May, presented the lowest value in June 
(11 hours and 09 minutes), and reached 11 hours and 
55 minutes in September (Figure 1). Considering regions 
above and below the Equator, NFI in the cultivars MD-2 
and CO-2 can occur at any time after the photoperiod 
decrease to 11 hours (Bartholomew, 2013). The 
photoperiod regulates the plant response to day length 
and is especially important for pineapple plants because 
of its potential implications for NFI (Li et al., 2016).

Changes in photoperiod and temperature are 
sensed by different plant organs. Photoperiod is sensed 
by leaves and temperature is sensed by all the plant 
parts, mainly by the stem apex (Bernier et al., 1993). 
Considering pineapple plants, it is required that the plant 
has at least one leaf so that the flowering stimulus can be 
sensed and pass to the stem apex. Despite photoperiod is 
sensed by leaves, the morphological changes that cause 
the transition for flower formation occur in the stem apex, 
which indicates a transmission of some signal from the 
leaf to the stem apex, resulting in floral stimulus (Castro 
& Vieira, 2001). This signal stimulates the production of 
ethylene in the plant leaf tissue and in the stem apex 
(Trusov & Botella, 2006).

is considered a short-day plant, cold temperatures 
increase the flowering stimulus, which is also true for other 
cultivars. This high correlation between photoperiod 
and temperature hinders the establishment of relative 
importance in field studies (Bartholomew & Sanewski, 
2018).

The mean global solar radiation in the evaluation 
period was 16.95 MJ m-2 d-1, with maximum of 18.53 MJ m-2 
d-1 in September and minimum of 15.33 MJ m-2 d-1 in April 
(Figure 1). It showed a variation percentage of +9.32% for 
the maximum and -9.55% for the minimum global solar 
radiation, compared to the mean of the period. There 
is little information showing that solar radiation direct 
affects NFI in pineapple plants. However, combined with 
short photoperiods and low temperatures, it contributes 
to flowering induction (Bartholomew & Sanewski, 2018).

In addition to favorable climate characteristics, 
plants with adequate vegetative conditions are required 
for the occurrence of NFI in pineapple plants. The 
evaluation period of natural induction occurred when 
the plants were between 12 and 16 months of age, 
which is considered an adequate age for flowering. The 
recommended age for flowering induction in pineapple 
is 8 to 12 months after planting (Ledo et al., 2004).

Regarding plant height, the cultivars BRS-Ajuba, 
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Gigante-de-Tarauaca, Jupi, and Perola presented higher 
results than the other cultivars, with means of 123.94, 
119.98, 119.36, and 114.78 cm, respectively (Table 1). 
The lowest plant heights were found for the cultivars BRS-
Vitoria, IAC-Fantastico, and BRS-Imperial. The lowest plant 
height and D-leaf length (Table 1) of the cultivar Smooth-
Cayenne is due to its genotype; the cultivars BRS-Imperial, 
BRS-Vitoria, and IAC-Fantastico have the cultivar Smooth-
Cayenne as parental, thus, they presented similar 
dynamics (Bartholomew & Sanewski, 2018). In practice, 
studies have found that even small plants present some 
capacity to be induced under favorable stimuli, natural 
or artificial (Cunha, 1989).

breeding programs in the world, as by example, that 
developed by the Dole Food Company, which produced 
the pineapple cultivar Dole-14 through conventional 
genetic improvement methods; this cultivar has low 
sensitive to NFI (Young & Gonzales, 2010).

In some cases, biotechnology has been used 
for obtaining characters that are difficult or impossible 
to be naturally obtained through conventional genetic 
improvement methods. In Australia, pineapple plants 
were transformed genetically for producing less 1-amino-
cyclopropane-1-carboxylate synthase (ACC synthase) 
(AcAcs2), which is the gene responsible for synthesis of 
ethylene in these plants; field tests showed a delay in 
natural flowering of pineapple plants (Trusov & Botella, 
2006). The Del Monte Fresh Produce Company developed 
a MD-2 genetically transformed pineapple plant and 
named it Rose; its sensitivity to NFI caused by climatic 
factors decreased in field conditions (Firoozabady and 
Young, 2013).

The cultivars with the lowest NFI% were BRS-
Imperial, BRS-Ajuba, BRS-Vitoria, and IAC-Fantastico, 
which have the cultivar Smooth-Cayenne as one of the 
parents. This indicates that this characteristic can be 
inherited with variations in degree of tolerance to NFI; in 
the present study, they showed 68% to 100% tolerance to 
NFI.

The different results found for the cultivars 
regarding tolerance to NFI indicate that this characteristic 
is controlled by several genes (. Liu and Fan, 2016) identified 
a 13-gene complex that affects the control of ethylene 
synthesis, spread through several pathways, denoting a 
complex network for control of flowering in pineapple. 
Thus, it raised the need for studies and advances in 
molecular biology that assist in understanding molecular 
processes and pathways associated to flowering.

The NFI resulted in uneven flowering (Table 2) and, 
consequently, uneven harvest. Perola, the most grown 
pineapple cultivar in Brazil, presented high susceptibility 
to NFI, with flowering distributed over a 10-week period. 
This unevenness prevents the grower to establish a harvest 
scale to meet the market demand. In addition, it affects 
the phytosanitary management of the main disease 
that attacks pineapple plants (fusariosis) and increases 
production costs. The occurrence of simultaneous floral 
differentiation in all plants of the parcel is desirable in 
pineapple plantations (Carvalho et al., 2005). Therefore, 
under the conditions of the state of Mato Grosso, NFI can 
be reduced by managing the seedling size and planting 
season. Large seedlings can be planted at the beginning 
of the rainy period for the seedlings to reach adequate 

Table 1. Means for plant height (PH), D-leaf length (DLL), and 
percentage of plants with natural flowering induction (NFI%) of 
eight pineapple cultivars. Tangara da Serra, MT, Brazil, 2019

Cultivars PH (cm) DLL (cm) NFI%
Gigante-de-Tarauaca 119.98a1/ 113.30a 100a

Perola 114.78a 107.54b 100a
Jupi 119.36a 103.36b 100a

BRS-Ajuba 123.94a 88.42c 32b
BRS-Vitoria 90.98b 77.82d 32b

IAC-Fantastico 91.88b 67.38e 8c
BRS-Imperial 96.39b 73.30d 0c

Smooth-Cayenne 70.36c 53.88f 0c
1/ Means followed by the same letter in the columns are not different from each other 
by the Scott-Knott test (p<0.05).

Therefore, there was favorable climate conditions 
(temperature, photoperiod, and solar radiation) to NFI, 
as well as age, plant height, and D-leaf length (Table 
1). However, there was a significant difference between 
the cultivars in percentage of plants naturally induced 
(NFI%) (Table 1). The cultivars Gigante-de-Tarauaca, 
Jupi, and Perola presented 100%, BRS-Ajuba and BRS-
Vitoria presented 32%, and IAC-Fantastico presented 
8% naturally induced plants. BRS-Imperial and Smooth-
Cayenne presented 0% naturally induced plants and 
were considered the most tolerant to NFI. These cultivars 
were classified, from the most to the least susceptible to 
NFI, as follows: Gigante-de-Tarauaca = Jupi = Perola > 
BRS-Ajuba = BRS-Vitoria > IAC-Fantastico = BRS-Imperial 
= Smooth-Cayenne. (Bartholomew and Sanewski, 2018) 
found a variation in sensitivity of cultivars to NFI and 
classified them, from the most to the least susceptible to 
NFI, as MD-2 > CO-2 > Smooth-Cayenne; Queen, Perola, 
and Tainung 17 were more sensitive to NFI than Smooth-
Cayenne. 

This difference denotes the genetic variability 
between cultivars regarding NFI. Variability is the main 
factor for the development of plant breeding programs. 
Thus, breeding programs can be carried out to obtain 
genotypes tolerant to NFI. It has been the focus of some 
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size for artificial flowering induction before the favorable 
period for natural floral differentiation, and small seedlings 
can be planted at the end of the rainy period for the 
seedlings to pass through the natural induction period 
without reaching enough size to respond to natural 
flowering stimuli.

Conclusions
The cultivars Smooth Cayenne, BRS Imperial, 

and IAC Fantastico were tolerant and can be used in 
pineapple breeding programs focused on tolerance to 
natural flowering induction.

Natural flowering induction results in uneven 
flowering and fruiting; the cultivars Perola and Jupi are 
the most susceptible to this induction.
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