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Abstract
Ananas comosus L. Merr. is asexually propagated through the conventional method from
its crowns, slips, hapas, and suckers. Plant tissue culture technique is applied for mass
production of clonal pineapple within a shorter period compared to conventional
propagation. Hence, this research aims to study the effect of coconut water and optimum
sucrose concentration for in vitro growth performance of pineapple. In addition, this
research also aims at optimizing the fertilization mechanism for the acclimatization of
clonal pineapple ex vitro. The in vitro regeneration was performed by adding a different
volume of coconut water and concentration of sucrose into the prepared culture media
supplemented with 2.00 mg/L 6-Benzylaminopurine (BAP) and 1.00 mg/L
Naphthaleneacetic acid (NAA). For acclimatization method, two different types of
fertilizer served as treatments which were compound fertilizers (NPK 15:15:15) and
controlled-release fertilizer (AJIB CRF, NPKMg 10:5:18:3). The planting media consisted
of topsoil, sand, and compost composition in a ratio of 2:1:2. Results showed that culture
media contained 20.00 mL/L coconut water obtained the highest number of shoots
(45.33±7.56). On the other hand, culture media supplemented with 30.00 g/L sucrose
concentration showed the highest number of shoots (47.25±10.81). Meanwhile, the
acclimatization method found that controlled-release fertilizer (AJIB CRF), NPKMg
(10:5:18:3) showed about 90% of survival rate. The mean value for the number of leaves
and leaves length (cm) in acclimatized clonal pineapple using Controlled-release fertilizer
(AJIB CRF) were 5.48±0.96 and 6.00±1.04, respectively. Therefore, the addition of
coconut water, optimum sucrose concentration, and the suitable type of fertilizer in both in
vitro and ex vitro promote a better growth performance of clonal pineapple.

1. Introduction
Ananas comosus L. Merr. var. MD2 is a tropical
fruit crop from Bromeliaceae family and an excellent
fruit comes with juiciness, flavorful and valuable
nutritional values including vitamin C, potassium,
calcium, crude fibre and carbohydrates (Hossain et al.,
2015). In 2012, there were thousands of pineapples
planted on 15,549 hectares’ land in Malaysia with an
estimated total production of 335,000 metric tons (Thalib
et al., 2015). Due to that, pineapple var. MD2 has been
selected as one of Malaysia’s new ambitions in pineapple
export as in 2011-2020 policy and identified to be a key
crop under National Agrofood Policy. The development
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of pineapple production able to aids the economy by
increasing income through increases in employment
opportunities and foreign exchange (Hossain, 2016).
However, conventional propagation drew some
limitations where the multiplication rate is slow, diseases
transmission from the mother plant to the propagated
plant as well as lack of uniformity where new planting
material produced varied in the term of shape and size
(Akin-idowu and Ibitoye, 2014). Limitations to healthy
planting materials, including less uniformity, disease
transmission, and insufficient planting materials caused
difficulties for commercial growth (Mangesha et al.,
2013). Plant tissue culture technique could be used as a
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solution to this problem as it could produce may
pineapple plantlets (Hamid et al., 2013). Cloned
pineapples (in vitro propagated) and plant that
propagated traditionally have similar chemical and
nutrient profiles, maturation period and physical
properties. Thus, tissue culture may be a better
alternative for the mass production of planting materials
as they can survive under similar growing conditions as
those propagated by traditional methods (Liu, 1989).
Healthy clones could be initiated, and disease problem in
seedlings could be overcome by using tissue culture
techniques (Awal et al., 2011).
Coconut water is liquid obtained from the endosperm
of the coconut while coconut milk is liquid obtained
from the process of grating the endosperm flesh usually
gotten from mature or old coconut. Coconut water has a
low matter content with 2-5% wet basis mainly
comprises of sugars and minerals. Besides the rich
nutrient contains that beneficial for human, coconut
water also possesses the ability to become a growth
regulator to induce growth of tissue cultures (Yong et al.,
2009). Coconut water has the presence of growth
promoter factors such as cytokinins, a phytohormone that
promotes cell division in roots and shoots and auxins the
promotes shoot growth. Other phytohormones detected
were ZMP (trans-zeatin riboside 5’- monophosphate),
gibberellins (GA1 and GA3), IAA (indole-3-acetic acid)
and ABA (abscisic acid). The natural indole-3-acetic
acid (IAA) present in coconut water can be used to
induce the rooting process of Dracaena purplecompacta
L (Agampodi, 2008). Other than that, coconut water can
be used to substitute zeatin to induce plant cells to divide
and grow rapidly as the liquid contains amino acids,
organic acids, nucleic acids, vitamins, carbohydrates and
plant regulators with high levels of zeatin and minerals
(Peixe, 2007).
In addition, in vitro regeneration of pineapple has
difficulty in executing the photosynthesis process due to
several conditions including low intensity if light, lack of
gas exchange and high air relative humidity. Sucrose is
used as a carbon source for the in vitro regenerated plant
to replace the carbon which the plant normally fixed
from
the
atmosphere
through
photosynthesis
(Sumaryono et al., 2012). The optimal concentration of
sucrose in a medium should be allowed to satisfy the
energy needed for cell growth and development without
having any negative osmotic effect on shoot formation
(Javed and Ikram, 2008).
Despite the advances obtained by micropropagation,
there are still limitations in acclimatization protocols,
especially concerning in plant development and the
reduction of dwell time of the plantlets (GonzálezeISSN: 2550-2166

Olmedo et al., 2005) as in vitro plantlets are very fragile
due to plantlets sensitivity to sudden environmental
changes, especially in transferring process from in vitro
culture vials to ex vitro conditions, and later from the
greenhouse to field plantation (Mengesha et al., 2013).
The risk of plantlets to become wilt when transferred to
ex vitro conditions is high due to the transfer shock
(Pospóšilová et al., 1999). This situation will eventually
lead to plantlets damage due to the low humidity, high
irradiation levels, water deficit due to weak root
hydraulic conductivity and low root-state connection
(Fila et al., 1998). Therefore, the needs of plantlets to
adapt the harsh and uncontrolled ex vitro environment of
a greenhouse or the field are very necessary. The
transitional phase of plant development is called
acclimatization or hardening (Rodriguez et al., 2008).
Normally, the air humidity temperature, airflow, and
irradiation level were gradually lowered to enhance the
survival of plantlets in ex vitro conditions (Pospóšilová
et al., 1999). Therefore, the ultimate success of plantlets
depends on the successful plant transfer and
establishment under ex vitro conditions.
Thus, this paper study aims to determine the effect of
in vitro regeneration of pineapple (Ananas comosus L.
Merr.) var. MD2 by adding coconut water as natural
growth regulators and optimum sucrose concentration
needed as well as to compare the effect of different
sucrose concentration towards in vitro regeneration of
MD2. The application of the different fertilizer
mechanism on the growth performance of MD2 plantlets
during acclimatization was also identified in this study.
2. Materials and methods
This study was conducted at the postgraduate
laboratory and greenhouse of Faculty of Plantation and
Agrotechnology, Universiti Teknologi MARA (UiTM)
Selangor, Kampus Puncak Alam, Malaysia.
2.1 In vitro regeneration of pineapple var. MD2
2.1.1 MS medium preparation for coconut water and
sucrose concentration

Plant tissue culture media for coconut water was
prepared by adding the 4.40 g/L MS nutrient powder
(Murashige and Skoog, 1967), 30.00 g/L sucrose and
8.00 g/L solidifying agar (Technical Agar No.3) with
four different coconut water volume (00.00, 10.00,
15.00, 20.00 and 25.0 mL/L v/v). Meanwhile, media for
sucrose concentration effects was prepared by adding the
4.40 g/L MS nutrient powder, 8.00 g/L of solidifying
agar (Technical Agar No.3) with different sucrose
concentrations of 00.00, 10.00, 20.00, 30.00 and 40.00 g/
L. Each treatment was supplemented with 2.00 mg/L
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2.1.2 Plant material and surface sterilization method
A healthy and young sucker of pineapples var. MD2
was obtained from NAZA Plantation, Johor, Malaysia.
The leaves and roots of sucker were removed and rinsed
under running tap water for 30 minutes. Then, the
surface sterilization method of explant was conducted
under laminar airflow cabinet. The explants were
immersed into 50% (v/v) sodium hypochlorite (NaOCl)
and a few drops of Tween 20 for 5 mins and swirl
swiftly. Next, the explants were rinsed off using
autoclaved distilled water for three times and 5 mins
each rinse. The clean and sterile explants were
subsequently dried off on autoclave tissue towel for 10
mins to remove any excess moisture. Lastly, the explants
were trimmed to the size of 5 mm³ and were initiated
onto the medium with ten replications for each treatment.
2.1.3 Culture initiation and culture establishment
The explants were cultured for three months and
subculture at a monthly interval. The explants were
maintained in a culture room at temperature 25±2.0˚C
under 16 hrs of photoperiod. The pineapple plantlets
growths were observed and data on the number of shoots
were collected. The collected data were statistically
analyzed using one-way analysis of variance (ANOVA)
by SPSS program at the 5% level of significance and
Microsoft Excel.
2.2 Acclimatization of pineapple var. MD2
2.2.1 Plant materials for transplanting and primary
stage acclimatization of clonal pineapple
The planting medium for primary acclimatization
was prepared according to Abebe et al. (2003) with
slight modification. The soil mixture comprises of
topsoil, coco peat, and sand at ratio 1:2:1. Coco peat was
used to replace the coffee husk from the previous
method. Next, the soil mixtures were autoclaved for two
hours and filled onto the seedling tray for twenty
replications. Then, the clonal pineapples were thoroughly
washed under running tap water to remove solidified
nutrient agar from the roots and dipped in 2.00 g/L
fungicide for 1 min before planting. The cultivated
clonal pineapples were assigned according to the
treatment in a complete randomized design inside a room
with a temperature of 20-25°C. Watering is done twice a
day. Fertilizer was applied after two weeks of planting
clonal pineapple with 0.30 g of compound fertilizer,
NPK green (15:15:15). Next, the six-week-old clonal
pineapples were sprayed with 5.00 g/L foliar fertilizer
with seven (7) days interval. Foliar fertilizer is a mixture
eISSN: 2550-2166

of several compounds according to the manual of
pineapple management by Malaysian Pineapple Industry
Board (2007). The primary acclimatization of clonal
pineapple was grown for two months before transplanted
to the secondary acclimatization.
2.2.2 Secondary stage acclimatization of clonal
pineapple
The secondary stage of acclimatization was
conducted at the greenhouse, Universiti Teknologi
MARA (UiTM) Selangor, Kampus Puncak Alam,
Malaysia. Polybags (16” x 16”) were filled with a soil
mixture of topsoil, sand, and compost at ratio 2:1:2. The
clonal pineapples in seedling trays from primary stage
acclimatization were transplanted into polybags. The
watering activity was done twice a day. Fertilizing
activity is done by using the same formulation of foliar
fertilizer from the primary stage acclimatization where
the foliar fertilizer was applied 2 days interval for 30
days. After a month, the fertilizer was changed into two
types where each type of fertilizer had different
mechanism acted as treatments. The fertilizers were
standard compound fertilizer, NPK (15:15:15) and
controlled-release fertilizer (AJIB CRF), NPKMg
(10:5:18:3). The dosage used per clonal pineapple was
20.00 g, recommended by the fertilizer manufacturer for
pineapple. This experiment was done in a complete
randomized design with ten (10) replications for each
treatment.
2.2.3 Data collection and statistical analysis
The collection of data for primary acclimatization
was collected for two months and secondary
acclimatization for four months. The parameters were
observed and collected for six months. The data were
analyzed according to research by González et al. (2018)
and Mengesha et al. (2013) using the SPSS program.
3. Results and discussion
3.1 Effect of coconut water on production in vitro shoot
of pineapple

The number of shoots from pineapple cultures for
each treatment had increased significantly after six
weeks of culture (Figure 1). Table 1 shows the mean
value for number of shoots in all treatments. Sample in
medium supplemented with 20.0 mL/L of coconut water
shows the highest mean number of shoots (45.33±7.56)
followed by culture supplemented with 25.00 mL/L
coconut water (43.83±7.31). Based on the ANOVA
result, the mean value for media supplemented with
coconut water of 20.00 mL/L and 25.00 mL/L showed
only a small difference of mean value and significance
value. Hence, this indicates that coconut water positively
© 2020 The Authors. Published by Rynnye Lyan Resources
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affects the shoot production. Thus, the null hypothesis is
accepted as 20.00 mL/L coconut water was the optimum
amount for pineapple tissue culture production. This is
because coconut water contains eleven types of naturally
occurring cytokinin. High cytokinin concentrations tend
to induce adventitious shoots faster than other parts of
the clonal plantlets (Kyte and Kleyn, 1996) where all the
shoots emerged from the bud plantlets of the clonal
pineapple culture or newly differentiated adventitious
buds.

Figure 1. In vitro regeneration of pineapple variety MD2 were
cultured on MS media supplemented with coconut water (a)
0.00, (b) 10.00, (c) 15.00, (d) 20.00, and (e) 25.00 mL/L. In
vitro pineapple rooting in 25.00 mL/L coconut water after 6
weeks (f).

mg/L BAP, 1.00 mg/L NAA) added and naturally
occurring auxin growth regulator components inside
coconut water might trigger the rooting formation in
pineapple tissue culture. Moreover, larger shoot size,
longer incubation period, the optimum amount of sucrose
(30.0 g/L), and culture media with adjusted pH 5.5-5.8
contributes to a good environment for rooting (Mohajer
et al., 2015).
3.3 Effect of sucrose concentration on the production of
in vitro shoot of pineapple
Table 1 shows the mean value for number of shoots
produced in treatment supplemented with coconut water
and sucrose concentration. Control treatment (00.00 g/L
sucrose) resulted in the lowest mean value for production
of in vitro pineapple shoots among other treatments due
to insufficient carbon source to supply carbon needed by
the culture system for cell growth, development and
morphogenesis (Javed and Ikram, 2008). Meanwhile, the
highest mean value for the number of shoots was in
30.00 g/L sucrose with 47.25±10.81 followed by 20.00
g/L (36.63±4.88), treatment 10.00 g/L sucrose
(32.2±5.270) and finally treatment 40.00 g/L sucrose
with a mean value of 30.25±4.44. Figure 2 shows the
differences in culture conditions of different treatments.

Table 1. The mean value for number of shoots (Ananas
comosus L. Merr var. MD2) emerged in MS media
supplemented with different amount of coconut water and
sucrose concentration.
Treatment

Coconut water (mL/L)

Sucrose concentration (g/L)

Amount
0
10
15
20
25
0
10
20
30
40

Number of shoots
30.33±5.06
32.50±5.42
18.67±3.11
45.33±7.56
43.83±7.31
3.25±0.0.37
32.2±5.27
36.63±4.88
47.25±10.81
30.25±4.44

3.2 Effect of coconut water on in vitro rooting of
pineapple
In vitro roots were emerged from one of the
replications of 25.00 mL/L after six weeks of culture
initiation. The pineapple plantlets exhibit a clear
characteristic of bigger shoots compared to the other
replications as well as browning at the base and root
buds can be clearly seen. The texture of the agar medium
also becomes sleet after 60 days. The reason for the
rooting of the pineapple is due to the presence of NAA in
the media which act as auxin that induced rooting in
pineapple plantlets. The synthetic plant hormone (2.00
eISSN: 2550-2166

Figure 2. In vitro regeneration of pineapple variety MD2 were
cultured on MS media with (a) 0.0, (b) 10.0, (c) 20.0, (d) 30.0,
and (e) 40.0 g/L of sucrose.

Sucrose as a carbon source, if supplemented at an
appropriate amount, will help and enhance the
regeneration of explant. MD2 cultured on media
supplemented with 30.00 g/L sucrose has the highest
mean value for both shoots. Nelson et al. (2015) reported
that 30.00 g/L sucrose produced shoot with the highest
weight. Muslihatin and Ratnadewi (2012) stated that the
optimum concentration of sucrose for the sago palm was
found to be 30.00 g/L. In addition, optimum sucrose
treatment boosts the percentage of pineapple
proliferation and the number of shoots produced (El,
Zaied and Saleh, 2010). Nelson et al. (2015) found that
plantlets in the medium with 30.00 g/L sucrose
concentration is also notably taller than other sucrose
© 2020 The Authors. Published by Rynnye Lyan Resources
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hydrophobic that made it dissolved the nutrient
controllably (Diversatech, 2019). The primary
acclimatization for MD2 pineapple plantlets resulted in a
very high rate of survival rate and shown a uniform
growth performance for each replicate. Further
hardening for these plantlets was continued to secondary
acclimatization.

3.4 Growth performance of clonal pineapple on
secondary acclimatization
The pineapple plantlets were transferred into 16” x
16” polybag filled with soil mix composing of topsoil,
coco peat, and sand (Figure 3). The mean value for
morphological variables of plantlets of Ananas comosus
L. Merr var. MD2 in primary acclimatization and
secondary acclimatization applied with compound
fertilizer and controlled-release fertilizer (AJIB CRF)
were displayed in Table 2. The clonal pineapple should
be turgid, vivacious, very well acclimatized, and easy for
handling to tolerate transportation and field shocks
(Pospóšilová et al., 1999). Although the primary
acclimatization plantlets are efficient for handling
process and require less cost of transportation, they are in
poor condition to get through the ex-vivo extreme
surroundings due to poor root stem connection, poor
cuticle development, high stomatal conductance, and
poor photosynthesis ability (Fila et al., 1998).

Figure 3. The primary acclimatization of clonal pineapple (a,
b, and c) after thirty (30) days prior to be transplanted into
polybags in the greenhouse after three (3) months (d, e).

Therefore, secondary hardening is a crucial part to
ensure the success of using in vitro regenerated
pineapple as the source of planting material. Controlledrelease fertilizer contained a balance micronutrient and
macronutrient that firstly developed in Malaysia using
the Polymer Coated Agglomeration Technology (PCAT)
from Germany to increase the absorbent of nutrients
efficiently and reduced the nutrient leaching caused by
heavy rain. The polymer-coated on fertilizer is

The data collection on secondary acclimatization
showed that the mean value of leaves length (cm/leaf)
for controlled-release fertilizer (AJIB CRF) and
compound fertilizer were 6.00±1.04 and 3.43±0.80
respectively. Treatment with Controlled-release fertilizer
resulted significantly higher than the compound fertilizer
with a difference of 2.47 cm/leaf and was significantly
higher than compound fertilizer. The mean value for

Table 2. The mean value for morphological variables of plantlets of Ananas comosus L. Merr var. MD2 in primary
acclimatization and secondary acclimatization applied with compound fertilizer and controlled-release fertilizer (AJIB CRF).
Treatment
Compound Fertilizer
Controlled-release
Fertilizer (AJIB CRF)
No treatment
Compound Fertilizer
No treatment
Controlled-release
Fertilizer (AJIB CRF)

Acclimatisation Stage Leaves Length (cm)
3.43±0.80a
Secondary

(12-24 weeks)
Primary
(0 weeks)
Secondary
(24 weeks)
Primary
(0 weeks)
Secondary
(24 weeks)

Leaves Number
2.75±0.63a

Survival Rate (%)
0.70±0.07a

6.00±1.04b

5.48±0.96b

0.98±0.02b

5.45±1.22c

4.20±0.00c

1.00±0.00c

6.60±1.54c

6.10±1.48c

0.70±0.15d

7.87±0.96e

5.40±0.60e

1.00±0.00e

11.78±1.46e

11.60±1.41e

0.90±0.10f

Different letter denotes significant differences at p < 0.05. a, b represents significant of different treatments on secondary stage.
c, d represents significant between stages for compound fertilizer. e, f represents significant between stages for controlled-release
fertilizer.
eISSN: 2550-2166
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clonal pineapple leaves in controlled-release fertilizer
(AJIB CRF) and compound fertilizer were 5.48±0.96 and
2.75 respectively with a difference of 2.73 leaves per
clonal pineapple. The survival rate for compound
fertilizer is 70% and was significantly lower than the
controlled-release fertilizer (CRF) at 90% with a
difference of 20% in survival rate.
Different types of fertilizers were employed for
growing clonal pineapple. Similar to planting medium,
types of fertilizer also affect plant growth performance
(Vasane and Kothari, 2006). The hardening process of
clonal pineapple was evaluated on the different types of
fertilizers showed that Controlled-release fertilizer (AJIB
CRF) had better plant performance and higher survival
rate. Hence, Controlled-release fertilizer (AJIB CRF)
increased the leaves length (cm), leaves number, and the
survival rate of plantlets compared to the standard
compound fertilizer.
3.5 Morphological analysis of acclimatized clonal
pineapple
In vitro regenerated pineapple plantlets were planted
into seedling trays filled with topsoil, coco peat, and
sand. The soil mix was altered from the previous study
by Mengesha et al. (2013) who reported in cocopeat
100% of survival rate was obtained compared to soil mix
composing topsoil, coffee husk, and sand in 1:2:1 with
90% of survival rate. The altered soil mixture has more
organic matter and an equal proportion of soil and sand.
This improves soil aeration and reduces water retention
for better root growth, which comprises improved root
and shoot-root connection for hydraulic conductivity
(Fila et al., 1998). This prompted to a better survival rate
and plant performance than previously reported for soil
mix (Abebe et al., 2003). Coco peat production has
impacts on the ecological that are creating concerns for
the long-term availability of peat as the primary
acclimatization substrate (Ilahi and Ahmad, 2017).
Therefore, due to local availability, cheap price,
reusability, and ecological friendly, coco peat is found to
be a good substrate for large scale preliminary
acclimatization of in vitro clonal pineapple in Malaysia.
Table 2 also shows the mean value for
morphological variables changes of clonal pineapples in
primary acclimatization and secondary acclimatization
by compound fertilizer. The leaves length (cm/leaf) for
primary acclimatization with 5.45±1.22 were not
significant with secondary acclimatization, 6.60±1.54
(cm/leaf). Furthermore, the result for leaves number for
secondary acclimatization with 6.10±1.48 (leaf/plantlet)
was also not significant with primary acclimatization,
4.20±0.00 (leaf/plantlet), with a difference of 1.90 (leaf/
plantlet). However, the survival rate for primary
eISSN: 2550-2166

acclimatization is 100% were significantly higher
compared to secondary acclimatization with only 70% of
survival rate.
Next, the mean value for morphological variables
changes of clonal pineapples in primary acclimatization
and secondary acclimatization by controlled-release
fertilizer (AJIB CRF), NPKMg (10:5:18:3). It was found
that the mean for leaves length (cm) for primary
acclimatization with 7.87±0.96 (cm/leaf) were not
significant, with slightly lower than the secondary
acclimatization, 11.78±1.46 (cm/leaf). Furthermore, the
result for leaves number for secondary acclimatization
with 11.60±1.41 (leaf/plantlet) also not significant, but
slightly higher than primary acclimatization, 5.40±0.60
(leaf/plantlet). However, the survival rate for primary
acclimatization is 100% were significantly higher than
the secondary acclimatization with a 90% survival rate.
Leaves initially were shorter and narrower when
plantlets were first transferred from culture room to the
primary acclimatization surrounding. The low light
levels during in vitro culture likely caused some
etiolation of the leaves (Villalobo et al., 2016). However,
by the end of observation, the leaves have gradually
become longer and wider. During the acclimatization
process, the transpiration is gradually reduced as stomata
become functional, and cuticular water loss declined, the
observation is consistent (Herrera, 2009). At the point
when stomatal and cuticular transpiration rates on in
vitro leaves are high, it is hard to keep plant turgidity as
it was transplanted to ex vitro (Seon et al., 2000).
Although the length and the diameter of leaves for both
treatments
not
demonstrating
a
noteworthy
extraordinary, they were increasing and may show the
plantlets were adjusted to the new conditions during
acclimatization stage and possibly of plants having
Crassulacean acid metabolism (Zhu et al., 2002). The
impacts of addiction in light intensity and the slow
decrease of relative humidity at the beginning period
were shown in pineapple plantlets (Yanes et al., 2000).
Batagin et al. (2009) found out an increase in cuticle
thickness, on wavy contours of epidermal cells, and on
the distribution and quantity of mesophyll, fibres were
observed during acclimatization process, evidencing the
light condition's interference in morphological
characteristics of the pineapple plantlets. According to
Gonzalez-Olmedo et al. (2005), in vitro propagation of
pineapple has shown that light is the factor with more
effect on plant quality and during the acclimatization
stage; it will give better agronomic and anatomical
change. During the secondary acclimatization phase,
plantlets implemented by using controlled-release
fertilizer (AJIB CRF) show a higher mean for all
parameters. The main cause for this result is an optimum
© 2020 The Authors. Published by Rynnye Lyan Resources
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4. Conclusion
In conclusion, coconut water effects the number of in
vitro shoot production of pineapple. MS medium
supplemented with 20.00 mL/L coconut water and
30.00g/L sucrose showed the highest mean number of
shoots produced. The controlled-release fertilizer is the
most suitable fertilizer for optimum performance of
clonal pineapple during acclimatization process.
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