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Abstract
Pineapple is nutrient and planted in many tropical and subtropical countries.
Plenty of elite seedlings were always needed in short time. The common methods for propagating pineapple seedlings have low-multiplying index or take
long time. A new method was introduced in this paper. Shoots were induced
using stem sections. And then, the shoot bases were cut and cultured on callus-induced medium. The meristematic granules induced were cultured on
shoot-induced medium. Shoots can be induced from the meristematic granules. Seedlings can be induced from these shoots in short time. This method
overcomes the defects of the common ways. Enough seedlings can be gotten
in short time. The operation is simple and easy to learn.
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1. Introduction
Pineapple fruit is famous for its nutrition and delicious taste [1]. The trade volume of pineapple is the largest in those of tropical fruits [2]. China is one of the
main countries for planting pineapple. Chinese pineapple is mainly grown in
Guangdong and Hainan [3]. The major cultivar of pineapple in China is “Comte
de Paris”. Its cultivate area is about 80% of the total for planting pineapple [4].
The flavour of this cultivar is attractive. The shelf time of its fruit is longer than
other varieties. The color of the fruit peel is vivid [2]. However, the acidity of
“Comte de Paris” fruit is high, that led to low-commodity value. “Comte de Paris” fruits are always not able to be sold in harvest time in recent years. Highquality varieties of pineapple are needed for replacing “Comte de Paris”. Plentiful seedlings of these varieties are wanted.
*Corresponding authors.
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Suckers, slips, hapas and crowns are always collected for pineapple seedlings
[5]-[13]. After fruits were harvested, suckers, slips and hapas continued to grow
for one month. And then, they were collected as seedlings. However, there were
only about 10 to 20 suckers, slips and hapas for each pineapple plant. When
plentiful seedlings were wanted, seedlings from these were not enough. Furthermore, they cannot be supplied at all time. Comparatively, seedlings from
tissue culture can be operated in labs and can be gotten at all time. Propagating
seedlings through tissue culture can overcome this defect. Tissue culture included caespitose pathway and callus pathway. Commonly, caespitose shoots or
callus were used for multiplying pineapple seedlings from tissue culture. The reproducing index of caespitose pathway for pineapple is low. Some researchers
reported that only 1 or 2 seedlings can be induced from one explant. The highest
index reported for reproducing pineapple seedlings through caespitose method
was 12 [14]-[20]. This was insufficient when large number of seedlings were
needed. Substantive seedlings can be gotten from an explant through callus
pathway. However, this method always takes several months and. the technology
required is strict. It is hard to spread this method in practice.
The aim of this paper was to study a new method for multiplying pineapple
seedlings. This method can overcome the shortcomings of caespitose pathway
and callus pathway described above. Large number of seedlings can be gotten in
short time. Workers can operate after being simply trained.

2. Materials and Methods
The pineapple variety used in this paper was Tainong 16, whose fruits have high
content of fructose and low acidity. This variety was welcomed in markets.
Pineapple plants were grown in Nada, Danzhou, China. On June 15, 2019,
when fruits were harvested one month later, suckers, slips or hapas were collected from mother plant. Leaves were removed and the stem was washed sufficiently with 1% of detergent. And then, the stem was washed with tap water. All
of the attachments on the surface of the stem were removed. The stems were
sprayed with 75% of ethanol. In superclean bench, the stems were immersed in
75% of ethanol for one minute. And then, they were taken and washed with sterilized water five times. One minute for each time. After that, the stems were put
in a petri dish whose diameter was 9 cm. The top and the bottom of the stems
were cut using scalpel. The middle part whose length was about 0.5 cm was put
on culturing medium M1. The formulation of M1 was MS + 1.5 mg/L 6-BA +
0.1 mg/L NAA [21] [22]. The explants were cultured in dark for 15 days. The
temperature was 26˚C and the photoperiod was 12-hour light/12-hour dark. The
luminous intensity was 1500 lux.
After shoots appeared from stem section, the shoot with base was cut. The top
of the shoots were removed and the shoot base was cultured on callus-induced
medium M2. The formulation of M2 was MS + 2.0 mg/L 2,4-D + 1.5 mg/L 6-BA
+ 0.1 mg/L NAA + 30 g/L Sucrose + 7 g/L Agar, pH = 5.3 [21] [22]. The injured
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surface was pasted on the medium. The culturing bottles were put in dark and
the temperature was 26˚C. The explants were subcultured every two weeks. After
one month, some meristematic granules appeared. These granules were cut and
put on shoot-induced medium M1 and cultured for two weeks in dark at 26˚C.
And then, the bottles were transferred to light-culture incubator. The photoperiod was 12-hour light/12-hour dark. The light intensity was 1500 lux. The temperature was 26˚C. After one month, plenty of shoots can be gotten from the
granules. When shoot length reached to 3 cm, the shoots were divided and subcultured onto medium M3. The formulation of M3 was MS + 5% coconut milk +
30 g/L sucrose, pH = 5.8. The photoperiod was 12-hour light/12-hour dark. The
light intensity was 1500 lux. The temperature was 26˚C. After two weeks, the
shoots were transferred onto medium M4. The formulation of M4 was 1/2 MS +
0.5 mg/L IBA + 3% banana powder+ 30 g/L sucrose, pH = 5.8. The photoperiod
was 12-hour light/12-hour dark. The light intensity was 1500 lux. The temperature was 26˚C. After one month, the lid of the culturing bottle was removed and
the bottle was put in shady shed for 3 days. And then, the seedlings were taken
out and the residual medium on roots was removed by being washed with tap
water. The seedlings were grown in pot containing gardening soil. After being
grown in shady shed for 3 days, the seedlings were transferred to natural light to
grow.

3. Results
1) Shoots gotten from stem section through caespitose pathway was few
The stem sections were cultured on caespitose-induced medium for three
months. However, many sections had not grown shoots. Although there were
shoots appeared on some sections, the shoots were very few (Figure 1). This
might be due to that there were few grown points on the stem sections. If the
thicker sections with more grown points were cultured, there might be more
shoots gotten.
2) Few callus were gotten after stem section was cultured on callus-induced
medium

Figure 1. Shoots induced from stem sections of pineapple.
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After stem sections were cultured on callus-induced medium for three months,
there were very few callus gotten (Figure 2(a) and Figure 2(b)). Theoretically,
the explants whose states are nearer to zygote are easier to be induced to embryogenesis. Cells in stem sections have been differentiated highly from the
embryo state. It was difficult to induce callus from stem sections.
3) Shoots can be induced from granules and the propagating index was high
After the shoots appeared on stem sections, they were cut with the shoot
bases. The shoot was removed and the base was cultured on callus-induced medium. After one month, meristematic granules appeared around the shoot base
(Figure 3). These granules were transferred onto shoot-induced medium M1
and cultured for one month, plenty of little shoots can be found from the granules (Figure 4). After the shoots were cultured in light, they can grow into
seedlings quickly (Figure 4 and Figure 5). After the seedlings were divided and
grown enough, they can be transferred to pot containing gardening soil and
continued to grow (Figure 6).

(a)

(b)

Figure 2. Pineapple-stem sections were cultured on callus-induced medium. (a) Showed
stem sections without callus; (b) Showed that there were a few callus induced.

Figure 3. Meristematic granules were induced around shoot bases on callus-induced medium.
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Figure 4. Plenty of shoots were gotten after meristematic granules were induced on
shoot-induced medium.

Figure 5. Shoots were divided and subcultured.

Figure 6. Seedlings were cultured in pot containing gardening soil.
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4. Discussion
Seedlings gotten from explants through caespitose pathway is organogenesis
fundamentally [23]. Shoots gotten on stem sections of pineapple through caespitose pathway are few. The reason might be due to that there were few shoot
points in the stem sections used for explants. If thicker sections with more shoot
points were used as explants, more shoots might be gotten.
There were few callus gotten when stem sections were cultured on callus-induced medium. This demonstrated that it was hard to induce callus from somatic cells of pineapple. Theoretically, callus induced from pineapple explants
included embryogenic callus and nonembryogenic callus [24]. Seedlings can only be induced from embryogenic callus. This needed much hard work [25] [26].
It seemed that callus induced from shoot base in this paper were meristematic
granules. After these granules were cultured on shoot-induced medium, shoots
can be induced, indicating that these granules had embryogenic characteristics.
If they were differentiated fully, they can be induced into whole seedlings.
If only caespitose pathway was used for propagating seedlings, explants with
many shoot points should be used. The multiplying index was low. The callus-pathway is a hard work to operate. It took long time. The method used in
this paper combined caespitose pathway and callus pathway. Many meristematic
granules can be induced from shoot base and plenty of seedlings can be gotten in
short time. The reproducing index was significantly higher than that of caespitose pathway. The shortcomings of callus pathway that the operation is hard and
it took long time were overcome in this method. Enough seedlings of pineapple
can be gotten in short time.

5. Conclusion
A new method was invented to propagate pineapple seedlings in this paper.
Shoots were induced from stem sections firstly. Shoot bases were cultured on
callus-induced medium. The meristematic granules induced were cultured on
shoot-induced medium. Shoots can be induced on meristematic granules. Seedlings can be gotten in short time. This method overcomes the defects of the common ways. Enough seedlings can be gotten in short time.
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