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ABSTRACT

Pineapple (Ananas comosuss, var. Smooth cayenne), which is a popular tropical fruit, is propagated vegetatively. Con-
ventional propagation alone does not provide clean and adequate planting material demanded in Ethiopia. Recently, in
vitro multiplication has become a promising technique for large-scale production. However, the acclimatization to the
external environment procedure impedes the efficiency, which needs carefully optimized acclimatization techniques.
We report optimized acclimatization procedures following first- and second-stage hardening methods for in vitro pine-
apple plantlets. Primarily, Jiffy-7 peat pellet allowed growing plants vigorously and provided above 8% survival rate
over soil mix. Nevertheless, in Ethiopia, soil mix is cheaper and locally accessible. The primarily acclimatized plantlets
are needed to be hardened further for better establishment and survival in the field. Black polybag and polysleeve pots
filled with soil mix were evaluated in the greenhouse. A significant difference was obtained between pots for number of
roots and substrate weight. Polybags had higher root number than polysleeves and saved about 27% of substrates per
plant, which is a reduction of 25% of total transportation cost. Hence, the soil mix and polybags were found to be pref-

erable over substrates and pots, for subsequent in vitro pineapple acclimatization.
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1. Introduction

Pineapple (Ananas comosuss L.) is one of the most
popular and delicious triploid fruit. It is esteemed for its
pronounced flavor and nutritive elements. Pineapple is
propagated vegetatively through suckers, slips or crowns
[1]. However, these planting materials have there limita-
tions including transmission of diseases, less uniformity
and inadequacy for commercial production.

In Ethiopia, the major pineapple production sites are
located in the southern and southwestern part of the
country owned by private farmers and state farm. The
farmers produce in small-scale on fragments of lands,
whereas the state farm of Coffee Plantation Development
Enterprise produces pineapple var. smooth cayenne along
with their coffee and/or maize plantation [2]. Existing of
severe shortage of planting materials is the key bottle-
neck for expanding pineapple cultivation in the country.
Efforts have been exerted on conventional pineapple pro-
duction through suckers, slips and crowns. However, the
demand and availability of planting materials during pla-
nting period are not well synchronized since the planting

“Corresponding author.

Copyright © 2013 SciRes.

time in the country relies on the rain fed season alone.
Hence, in vitro culture techniques have been applied
worldwide to address these problems [3,4].

In vitro propagation is a crucial technique for disease
free, rapid, uniform and mass production of pineapple
plantlets [3-5]. Nevertheless, ultimate success of in vitro
produced plantlets depends upon the successful transfer
and establishment of plants in ex vitro conditions. High
loss or damage of in vitro raised plants can occurred
when transferred to ex vitro conditions because of the
transfer shock [6]. This is due to the exposure of plants to
many new ex vitro situations such as low humidity, high
level of irradiation, water deficit because of the poor hy-
draulic conductivity of the roots and low root-stem con-
nection [7]. Therefore, plants under in vitro condition
need to be acclimatized by different options. The threats
for survival in ex vitro can be overcome by acclimatiz-
ing the plants with gradual lowering air humidity tem-
perature, air flow and irradiation level [6].

The successful establishment of in vitro raised plants
on the soil and later on field is the major success of in
vitro propagation [3,5,6]. Thus, in vitro pineapple plant-
lets need to be acclimatized carefully. The acclimatiza-
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tion period varies from 6 - 8 months until the plants reach
an appropriate size (200 - 300 mm height) for field trans-
fer [5]. The losses during acclimatization and the lengthy
period are the major limitations of a widespread use of
micropropagated pineapple plantlets. To acclimatize in
vitro plants, various approaches are employed by differ-
ent researchers towards successful establishment of in
vitro plants under ex vitro condition. For instance, sub-
strates [8] and the type of pots used during acclimatiza-
tion are crucial factors determining the survival rate and
performance of plants under ex vitro conditions [9]. The
lengthy growth period of pineapple plantlets during green-
house acclimatization is also cut down by application of
humic acids and plant growth-promoting bacteria [10].

Large-scale in vitro pineapple plantlets production has
been started in Ethiopia a few years ago [11]. In line with
this, the primarily acclimatization has been optimized on
seedling trays filled with soil mix (2 soil, 1 coffee husk
and 1 sand ratio) in greenhouses with above 85% of sur-
vival rate [4]. Other commercially available substrate
(Jiffy-7 peat pellets), which is usually used in the devel-
oped world, has also a better survival and growth per-
formance for small-scale applications. However, the sur-
vival rate on soil mix as well as the costs and accessibil-
ity of Jiffy-7 peat pellets are bottlenecks for large-scale
acclimatization of in vitro pineapple plantlets. Hence, the
primary aims of this paper was to evaluate modified soil
mix like 1 soil, 2 coffee husk and 1 sand ratio, and Jiffy-
7 peat pellets for a better survival rate, growth perform-
ance and cost of acclimatization.

On the other hand, acclimatized plants do not have the
appropriate size for direct planting into the field, which
results in poor survival rate [6] when they are transferred.
To attain a better survival rate and establishment on field,
these plants need to be acclimatized further in green-
houses using pots such as black polysleeves and/or poly-
bags until plants reach the appropriate size. Although
pots allow further growth, it requires substrates (soil mix),
root development and labor to fill it. Therefore, this pa-
per also evaluated a suitable and cost effective pot type
for better growth performance of in vitro raised pineap-
ple plants in greenhouses.

2. Materials and Methods
2.1. Plant Materials

Pineapple (Ananas comosuss var. Smooth cayenne) pla-
ntlets were multiplied under in vitro condition according
to the protocol established previously [4,11] in the plant
biotechnology laboratory, Jimma Agricultural Research
Center, Ethiopia. Well elongated, rooted and uniform
plantlets were selected and taken out from culture Jam
Jars (Figure 1(a)). The plantlets were thoroughly washed
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with running tap water to remove the gelling agent or
medium sticking to the roots. Then, they were trans-
planted into primary acclimatization substrates.

The media were prepared using full strength Mura-
shige and Skoog (MS) (1962) basal salts amended 3%
(w/v) table sugar (local shop, Jimma, Ethiopia) and 2
mg/l BA for multiplication. Half strength MS medium
supplemented with 3 mg/l IBA and 3% (w/v) table sugar

In vitro rooted plantlets

Secondary acclimatization

©

Figure 1. In vitro raised pineapple plantlets prior to and
after acclimatization in the greenhouse. (a) Rooted in vitro
plantlets in Jam Jars; (b) Primary acclimatization in seed-
ling trays filled with substrates. (a) Early after planting and
(b) prior to the secondary acclimatization; (c) Secondary
acclimatization in black poly pots filled with soil mix placed
on the floor of the greenhouse.
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was also prepared for rooting. The pH of the medium
was adjusted to 5.8 using 1 N NaOH or 0.1 N HCI. The
media were then solidified with 0.8% (w/v) agar (Sigma
Chemical Co. Germany) for multiplication and with
composite of enset starch (local shop, Jimma, Ethiopia)
(60 g/1) and agar (2 g/l) for rooting [12]. It was later dis-
pensed into Jam jars (~40 ml) followed by autoclaving at
1.06 kg/cm? and 121°C for 20 minutes.

2.2. First-Stage Acclimatization

Two acclimatization media treatments were arranged in
the greenhouse prior to planting. This was replicated 10
times. The first treatment medium was soil mix compos-
ing of soil, coffee husk and sand in 1:2:1 ratio, respec-
tively according previous report [4]. Forest soil and sand
were collected from Jimma Agricultural Research Center,
whereas coffee husk was purchased from Coffee Huller
Private Company, Jimma, Ethiopia. These substrates
were mixed and disinfected with formaldehyde (3%) for
72 h after mixing. Then, the soil mix was filled into
seedling trays and plantlets were planted according to the
treatments layout in complete randomized design. For the
second treatment, Jiffy-7 peat pellets were obtained from
Denmark (Jiffy A/S, Ryomgaard, Denmark), which were
donated and transported by European Union. The pellets
contain compressed peat surrounded by a biodegradable
net. They were prepared for planting by soaking then into
tap water for 10 min and were then squeezed to remove
over soaked water and later placed in seedling trays.
Trays filled with soil mixes and pellets were placed on a
wire mesh bed inside the greenhouse. Selected plantlets
were planted into those arranged seedling trays (Figure
1(b)) and kept for 2.5 months. Ten plants were allocated
along every replication. The plants were watered once a
day along with two days interval NPK (5 g/l) foliar fer-
tilizer. The relative humidity in the greenhouse was
maintained to 70% - 80% through misting (1 - 3 times/
day) coupled with wet sheath cloth depending on the
external environment condition.

2.3. Second-Stage Acclimatization

In this experiment, two poly pot types such as black
polysleeves (8 cm diameter) and polybags (8 cm diame-
ter) were employed. The pots were easily accessed from
a local market. Small holes were made at the bottom of
polybags using a paper punch to allow aeration and
drainage of excess water. The pots were filled with soil
mix, which was similar substrate as first acclimatization
treatments. The filling was done by hand with different
pressure intensities, a bit compact for polysleeves to
avoid loss of soil at the bottom and a loose filling for
polybags. Then, pots were arranged properly and placed
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on the flour of the greenhouse. Later, the plants acclima-
tized during first-stage acclimatization were transplanted
into both pot types and kept on the greenhouse floor
(Figure 1(c)) for 4 months. This experiment was done in
a complete randomized design with ten replications. Wa-
tering and NPK (5 g/l) foliar fertilizer were applied
within two days interval along with misting (1 - 3 times/
day) depending on the external environment condition.
Through misting the relative humidity was reduced to
60% - 70%.

2.4. Data Collection and Statistical Analysis

Non-destructive and destructive data were collected from
first and second stage-acclimatization after 2.5 and 4
months, respectively. Non-destructive parameters col-
lected were survival rate (%), number of leaves and roots,
length of shoot and root (cm) as well as girth (mm). On
the other hand, fresh and dry weight of shoot and root (g)
as well as soil weight (g) were collected through destruc-
tive method. Fresh weight was measured immediately
after removing the soil and separating shoots from roots.
Dry matter of shoots and roots were taken after drying in
an oven at 70°C for 48 h following procedures [13]. The
data were analyzed according to reference [14] using
SAS, statistical software package (Version 8.01) [15] and
significant mean values were compared using the proce-
dure of REGWQ test (Ryan-Einot-Gabriel-Welsch Mul-
tiple Range Test).

3. Results

In vitro multiplied pineapple plantlets need to be accli-
matized in the greenhouse prior to transferring into the
field. Since acclimatization of in vitro plantlets in ex vi-
tro conditions is a critical step for survival and growth
performance, two major hardening stages have been
evaluated.

3.1. Primary Acclimatization

In vitro raised pineapple plantlets were planted into seed-
ling trays filled with locally prepared soil mix and com-
mercially available Jiffy-7 pellets. The survival rate and
growth performance of plantlets were evaluated. The
result revealed that plantlets grown in Jiffy-7 peat pellet
showed above 98% of survival followed by soil mix (1
soil, 2 coffee husk and 1 sand) with above 90% of sur-
vival (Figure 2(a)). In line with this, highly significant
differences (p < 0.01) for leaf number, girth, shoot fresh
and dry weight were obtained between substrates. The
results also showed that highly significant differences (p
< 0.01) for root number, root fresh and dry weights (Ta-
ble 1) were found. Apparently, Jiffy-7 pellet was a good
substrate that showed higher mean values of almost all
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growth parameters except root length. Therefore, a sig-
nificant difference (p < 0.05) for root length was ob-
served, in which soil mix showed higher mean root
length (5.78 cm) (Figure 2(b)) on average than Jiffy-7
pellets, which is a crucial factor for survival.

3.2. Secondary Acclimatization

Because of the small size and weakness of the first-stage
acclimatized pineapple plantlets, further hardening of
these plantlets is required to increase the strength and
growth performance. After transplanting those plantlets
into different pot types, the plant performance and costs
of substrates and transportation were evaluated. A sig-
nificant difference (p < 0.05) for number of root was ob-
served between pot types. Higher mean root number
(19.22) was obtained from polybags than polysleeves
(16.11) (Table 2). However, other growth parameters
were showed non-significant differences between sub-
strates.

Highly significant difference (p < 0.01) for the amount
of substrates (1 soil, 2 coffee husk and 1 sand) in each
pot types was observed during this experiment. The
highest mean value (1225.05 g) were measured from
polysleeves in contrary to polybags that had a mean
value of 892.14 g. Using polybag for this stage of accli-
matization reduced about 27% of the substrates needed
per plant compared to polysleeves (Figure 3(a)). As a
result, polybags provide benefits for secondary acclima-
tization by improving the amount of roots (Figure 3(b))

along with substrate costs reduction over polysleeves.
Evidently, replacing polysleeves with polybags, trans-
portation cost of potting plants into growing field is re-
duced by about 25 percent.

(b)

Figure 2. First-stage acclimatization of pineapple plantlets
(a) after 2.5 months and their (b) root structure grown on
both substrates.

Table 1. Substrate types influenced the growth performance of in vitro raised pineapple plantlets during the first-stage accli-
matization. Data were collected after 2.5 months hardening in the greenhouse.

Sl(JfgtEr?fres Leaf No. Shoc()(t:nrl()eight Girth (mm) Shc\;\:)tt(g;Sh ertozgd)ry Root No. Roo(tC :ﬁ;gth Rom(;: {SSh R\(,)V(t)t(g)ry
Jiffy-7 pellet 14.73+16a 875+1.0 7.42+09a 4.10+0.7a 0.30+0.06a 13.64+29a 4.68+0.7b 0.59+0.2a 0.038+0.0la
Soil mix 1200+19 790+12 6.15+0.8b 2.56+0.9b 0.16 £0.06b 855+2.6b 5.78+14a 0.26+0.1b 0.022 +0.01b
CV (%) 18" 1.1NS 8.9" 9.2" 0.61™ 27" 11.7° 1.7 0.1"
p-value 0.002 0.08 0.003 0.0006 <0.0001 0.0003 0.033 0.0001 0.0003

Means followed by the same letter within the same column are not significantly different. All growth parameters per substrate are mgntioned as mean value. No.

= number, Wt = weight, T = (+SE) standard error, CV = coefficient of variation, NS = Non-significant;

0.01.

= significant at p < 0.05; ~ = highly significant at p <

Table 2. The effect of pot types on the secondary acclimatization of in vitro raised pineapple plantlets. Data for every growth

parameters were collected after 4 months of growing in pots.

Pot type (+SE)t No. of leaf  Girth (cm) heéﬂf‘(’ém) drim"zg) No. of Root Roo(tc:ﬁ;‘gth R°°t(g)ry wt Wusp‘;it' (g)
Polysleeve 6.31+14 35113 6.83+2.7 1.23+13 1611%2b  416+22  1.02+0.7 1225.05 + 109.5a
Polybag 572+15 341+14 6.57+2.5 1.22+14 1922+3a  487+33  1.03+05 892.14 + 91.7b
p-value 0.19 0.73 0.67 0.79 0.04 0.31 0.09 <0.0001"

Means followed by the same letter within the same column are not significantly different at 0.05 probability level. All growth parameters are as mean

value/plant. No. = Number, Wt = weight, t = + (SE) standard error,

Copyright © 2013 SciRes.

=significant different;

= highly significant different.
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polybag t

Figure 3. In vitro raised pineapple plants grown in pots in the greenhouse for the secondary acclimatization after (a) 4 months

and their (b) root structure.

4. Discussion

Pineapple (Ananas comosuss var. Smooth cayenne) is
one of the vegetatively propagated tropical fruit crops. In
vitro propagation is implemented widely for large-scale
pineapple planting materials production. Acclimatization
or hardening is a crucial step prior to transplantation of
plantlets into the field. Pineapple requires a long accli-
matization period until it reaches an appropriate size [5]
because of its slow growth nature. It adds costs for labor,
substrates, transportation and other facilities. Although
the growth period can be reduced by applying humic acid
and plant growth-promoting bacteria during acclimatiza-
tion [10], the type of growing media remains a challenge
for successful acclimatization. The growing media and
pot types are known to affect the plant survival rate and
growth performances in the greenhouse or nursery [9,16].
Thus, we report here two subsequent stages of acclimati-
zation procedures.

4.1. Soil Mix Is a Cheap and Locally Available
Substrate for Primary Acclimatization

In vitro pineapple plantlets were primarily acclimatized
on different substrates. As the result showed, the sub-
strates influenced the survival rate in the greenhouse,
which was about 90% in soil mix and 98% in commer-
cially available substrate called Jiffy-7 peat pellet. This
result shows that the survival rate on soil mix was im-
proved by 5% as compared to previous report [4], which
is above 85% on 2 soil, 1 coffee husk and 1 sand.

It is suggested that modified soil mixture, which has
more organic matter and equal proportion of soil and
sand, improves aeration and reduces water retention
leading to root growth, which comprises improved root
and shoot-root connection for hydraulic conductivity [7].
This led to a better survival rate and plant performance
than previously reported for soil mix [4]. However, soil

Copyright © 2013 SciRes.

mix showed a lower survival rate (about 8%) as well as
plant performance than Jiffy-7 pellet. It is a composition
of very cheap, ecological sound and locally accessible
substrates for large-scale in vitro pineapple plantlets ac-
climatization as compared to Jiffy-7 peat pellet.

In contrast, Jiffy-7 peat pellet showed greatest survival
rate and good plant performance, suggests that its rela-
tively low pH facilitates nutrient uptake [8,17] and its
high water holding capacity [18] plays an important role
in plant growth. This result was in agreement to refer-
ence [19], who reported greater growth performance of
commercial sweet corn on peat pellets. The pellets have a
good porosity and allow the roots to penetrate quickly,
suggesting more mobilization and absorption of nutrients
in the pellet [8]. Although the Jiffy 7 pellets showed a
higher root dry and fresh weight and root number, indi-
cating promoted root formation, it is produced from ex-
pensive (~0.1 $/pellet) and less available moss [20]. Due
to this fact, it is inaccessible for large-scale acclimatiza-
tion of pineapple in Ethiopia. Peat production has eco-
logical impacts that are creating concerns for the long-
term availability of peat as the primary acclimatization
substrate [21]. Thus, due to locally availability, cheap-
ness, re-usability and ecologically sound, soil mix is
found to be a good substrate for large-scale preliminary
acclimatization of in vitro pineapple plantlets in Ethiopia.
In contrast, peat pellets are better for plant performance
with respect to root development even if they are expen-
sive and inaccessible.

4.2. Polybag Is a Preferable Pot for Secondary
Acclimatization

Since pineapple growing fields are located throughout
the country, the plantlets should be strong, vigorous, well
acclimatized and simple for handling to tolerate trans-
portation and field shocks [6]. Although first-stage ac-
climatized plantlets are simple for handling and require
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less cost of transportation, they are weak to withstand ex
vivo stresses due to poor root-stem connection, poor cuti-
cle development, high stomatal conductance and poor
photosynthesis ability [6,7]. When primarily acclimatized
plants are directly transferred into the field, they are ex-
posed to external environment conditions, which affect
plant survival rate and performance [6]. As a result, pri-
marily acclimatized plants need to be further acclima-
tized in the greenhouse or nursery for better growth and
root development. Further hardening in the greenhouse
requires high transportation cost as compared to the
nursery where located near to the growing field. Never-
theless, the management in the greenhouse is as simple
as the nursery because it can be done on existing facili-
ties and has a close follow up for any further improve-
ments. To do this, the choice of pot type along with
growing medium is one of the critical decisions for sec-
ondary acclimatization.

Different types of pots are employed for growing
plants in the nursery or the greenhouse. Similar to media
types, the pot type and size affect the plant growth per-
formance [9]. Bearing this in mind, hardening of pineap-
ple plantlets was evaluated on different pot types and the
results show that polybags were found to be good for
potting in order to obtain a better plant performance and
required less substrates. This result was in agreement
with reports of reference [9] on secondary hardening of
banana plantlets using polybags filled with fortified soil
substrates. Enhanced root structures in polybags sug-
gested that the plantlets can access water and nutrients
leading to a quick establishment in the field. The reason
is that root growth is critical for planted seedlings to
withstand stresses [22]. Polybags also reduces the need
of substrates that result in reduction of total cost of ac-
climatization and transportation of in vitro pineapple
plantlets. In future, a detail physiological response of
primary and secondary acclimatized plantlets, field per-
formance, yield and quality of the fruit are essential to be
evaluated.

5. Conclusion

Two subsequent hardening stages for in vitro raised
pineapple plantlets were optimized prior to transferring
them into the field for Ethiopian condition. Soil mix (1
soil, 2 coffee husk and 1 sand) was found as a cheap and
locally available material, making it a good substrate for
primary acclimatization in the greenhouse although
Jiffy-7 peat pellet improved growth performance and
survival rate slightly more. Using polybags was also the
preferable pot in terms of cost and usefulness to obtain a
better plantlet performance during secondary acclimati-
zation.

Copyright © 2013 SciRes.
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