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Abstract
Forcing flower is an important step for planting pineapple. Although many
papers have been reported about forcing flower for pineapple plants on the
aim of harvesting fruits, no reports have been found about forcing flower at
seedling phase for preparing bonsai. In this paper, Tainong 4, Tainong 16 and
Tainong 17 plants with 20 leaves were watered on stem apex with 40 ml of
0.13% of ethephron. Results showed that most of Tainong 4 plants flowered
after being treated 30 days. None plant of Tainong 16 flowered after being
treated 60 days. In the same variety, for example, Tainong 4, some plants
flowered earlier, some plants flowered late. Tainong 4 was the most sensitive to ethephron at early-growth phase. Tainong 16 was the most insensitive variety. The low flower rate in this research might be due to that the
pineapple plants were in early-vegetative-growth stage. They had not appropriate physiological conditions for forcing flowers. For making pineapple
bonsai at early-vegetative-growth phase, higher doses of forcing-flower agent
should be used than those of forcing-flower agent for harvesting fruits.
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1. Introduction
Pineapple has the largest trade volume among the tropical fruits. Its trade volume is about 50% of the total volume of tropical fruits [1]. There are about 30
countries planting pineapple in the world. When pineapple plant grows to a certain stage, it can flower naturally under low temperature and shorten day-length
[2]-[7]. However, the responses of plants to the same conditions were different,
resulting in that some plants flowered and some did not. The flowering times of
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plants are different, leading to low-commodity rate of pineapple fruits. For ensuring all of the plants flowered at the same time, ethephon or calcium carbide is
always used to force flowers [8] [9] [10] [11] [12]. After being treated with
ethephon or calcium carbide, pineapple plants can flower orderly.
Besides harvesting fruits, pineapple plants can be used as bonsai. When pineapple plants were used as bonsai, long-vegetative-growth phase was not
wanted. Pineapple plants with 20 leaves or less can be treated with reagents to
force flowers. If the aim was to harvest fruits, pineapple plants with at least 40
leaves are treated. Although many researches have been done about forcing
flowers on pineapple, these studies are done on plants for harvesting fruits. For
pineapple bonsai, pineapple plants with short-vegetative-growth phase, no papers about forcing flowers have been found. For pineapple plants at seedling
stage, how to force flowers with reagents is important for preparing pineapple-bonsai. Pineapple plants (Tainong 4, Tainong 16, Tainong 17) with 20 leaves
growing in a pot containing gardening soil were treated with ethephron in this paper. Their responses to ethephron were compared. Plant figures were also observed.
The potential application of these responses in making bonsai was also discussed.

2. Materials and Methods
Tainong 4, Tainong 16 and Tainong 17 were the main cultivars introduced in
recent years. They were used as materials in this paper. After fruits were harvested for one month, suckers whose length was about 30 cm were collected
from mother plants. The suckers were laid in sunlight with the bottom upside
for 5 days. On April 20, 2019, suckers of these varieties were planted in pots
whose length, width and height were all 80 cm. There was soil in the pots. The
formulation of the soil was gardening soil: coconut husk = 1:1. The pots were
put in the open air in Haikou, China. After one month, nutritional solution was
prepared as the following: ammonium nitrate 1650 mg/L, potassium nitrate 1900
mg/L, monopotassium phosphate 170 mg/L, calcium chloride 440 mg/L, magnesium chloride 370 mg/L. Two hundred of millilitre solution was watered into
one pot. The plants were watered one time every two weeks. On September 13,
2019, three liters of monopotassium phosphate (0.3 g/L) were prepared. Three
points three three millilitres (3.33 ml) of ethephron (40%) were added into the
monopotassium phosphate solution. According to the weather forecast, the following four days were all sunny. At zero o’clock at night of September 14, 2019,
forty millilitres of forcing-flower solution were watered into the crest of
pineapple plant. Twenty plants were treated for each variety. After one month,
the plants were observed and the flowers of different varieties were counted.

3. Results and Discussion
1) The responses of pineapple varieties to the same dose of ethephron are
different
After being treated with 40 ml of 0.13% of ethephron for one month, most of
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Tainong 4 plants flowered (Figure 1). Neither Tainong 16 nor Tainng17 flowered. After being treated 40 days, in the Tainong 17 plants, only one plant flowered. However, none of Tainong 16 plants flowered (Figure 2). For sensitivity
to ethephron, Tainong 4 was the most sensitive variety. Tainong 16 was the most
insensitive variety.
2) The responses of different plants of the same variety to ethephron were
different
After being treated with ethephron for 30 days, most of Tainong 4 plants flowered. However, one plant of Tainong 4 did not flower until on the 40th day.
One plant of Tainong 4 flowered on the 60th day (Figure 3 and Figure 4). For
Tainong 17, only one plant flowered on the 40th day (Figure 5). All of the rest
plants of Tainong 17 did not flower. These demonstrated that different plants of
the same variety had different sensitivity to the same dose of ethephron at
early-vegetative-growth phase.

Figure 1. Tainong 4 plants flowered after being treated with ethephron 50 days.

Figure 2. Tainong 16 plants after being treated with ethephron 50 days.
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Figure 3. Tainong 4 plants flowered. (The left plant flowered on the 60th day after being
treated with ethephron. The right plant flowered on the 30th day after being treated with
ethephron.)

Figure 4. Tainong 4 plants flowered. (The left plant flowered on the 60th day after being
treated with ethephron. The right plant flowered on the 30th day after being treated with
ethephron.)

Figure 5. Tainong 17 plants flowered.
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3) The shapes of plants treated with ethephron were different from those
treated with water
After being treated with ethephron, although some plants did not flower, their
shapes were significantly different from those treated with water. For Tainong 4
and Tainong 16, fresh leaves of plants treated with ethephron were remarkably
shorter than those of plants treated with water (Figures 6-8). The fresh leaves of
plants watered with ethephron were more compact than those of plants treated
with water (Figures 6-8). Although the similar phenomenon existed in Tainong
17, the differences of the shapes of fresh leaves of Tainong 17 plants watered
with ethephron and those of fresh leaves of Tainong 17 plants treated with water
were not so much as those in Tainong 4 and Tainong 16 (Figure 9, Figure 10).
The physiological conditions of pineapple plants can affect their sensitivity to
forcing-flower reagent. When pineapple plants grew to a certain phase, they will
become sensitive to condition factors of inducing flower [13]. For example, pineapple plants at certain growing phase were sensitive to decreasing nutrition

Figure 6. Tainong 16 plants treated with ethephron and plants treated with water. (The
left plant was Tainong 16 treated with water. The right plant was Tainong 16 treated with
ethephron.)

Figure 7. Tainong 4 plants treated with ethephron and plants treated with water. (The left
plant was Tainong 4 treated with water. The right plant was Tainong 4 treated with
ethephron.)
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Figure 8. Tainong 4 plants treated with ethephron and plants treated with water. (The left
plant was Tainong 4 treated with water. The right plant was Tainong 4 treated with
ethephron.)

Figure 9. Tainong 17 plants treated with ethephron and plants treated with water. (The
left plant was Tainong 17 treated with water. The right plant was Tainong 17 treated with
ethephron.)

Figure 10. Tainong 17 plants treated with ethephron and plants treated with water. (The
left plant was Tainong 17 treated with water. The right plant was Tainong 17 treated with
ethephron.)
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and reducing water [2] [14]. Pineapple plants which had not grown to these
stages might not be sensitive to these condition factors. In this research, after
being treated with 40 ml of 0.13% of ethephron 60 days, none of Tainong 16
plants flowered. Most of Tainong 17 plants did not flower after being treated
with ethephron 60 days. However, after Tainong 16 plants, Tainong 4 and
Tainong 17 plants with 40 leaves were watered with the same dose of ethephron
30 days, all of the plants flowered [1]. These demonstrated that none of Tainong
16 plants flowered in this research might be due to that the plants themselves
had not grown to a certain stage that fit to be forced flower. They had not
appropriate physiological base for reacting to forcing-flower reagents. For preparing pineapple-bonsai using plants at early-growing-vegetative phase, more
dose of forcing-flower reagent might be watered.
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