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Acclimatization of Tissue Culture Pineapple
Plantlet Using Semi-Autotrophic Hydroponics
Technique in Comparison With Other
Conventional Substrates

ABSTRACT

Aims: Previously conventional substrates consisting of topsoil mixtures have produced low
yield and low survival rate of the tissue culture plantlets. Semi-Autotrophic Hydroponics
(SAH) technique is being compared with Sawdust (SD) and Topsoil (TS) as a suitable
method of acclimatization and further rooting of the plantlets. This research is aimed at
optimizing the protocol for acclimatization of tissue culture pineapple plantlets.

Study design: Experimental Research Design

Place and Duration of Study: The experiment was conducted at the Biotechnology
Research Unit, Tissue Culture Laboratory, National Horticultural Research Institute, Jericho-
Idi-Ishin, Ibadan. Feb 2021 — April 2021.

Methodology: The technique employed was a Randomized Complete Block Design (RCBD)
with 10 samples per treatment in 6 replicates. 5 treatments were investigated in this
research. Data analysis was done with the use of SAS statistical analysis software (p<0.05).
Fresh crowns of Ananas comosus (pineapple) were extracted and were cultivated in test
tubes containing full MS media. The plantlets were sub-cultured twice, after which they were
taken into the hardening chamber. The plantlets were acclimatized in the Semi-Autotrophic
Hydroponics substrate and other substrates — Topsoil(TS), Sawdust(SD), Sawdust + Topsoil
(3:1), and Sawdust + Topsoil (1:3).

Results: The result shows that the mean difference in Plant Height and Root Length for
SAH substrate was significant as against other substrates used in this study (p<0.05) with
SAH having the highest value of 3.50cm for plant height and 2.53cm for root length. A 100%
survival rate was observed for the plantlets grown SAH media as compared to the ones
acclimatized on Topsoil and Sawdust combinations which showed a 50% survival rate.
There was no significant difference in the number of leaves among all the groups of
substrates.

Conclusion: In conclusion, SAH media is a very effective media for the hardening and
acclimatization of micro-propagated plantlets.
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Culture.)




1. INTRODUCTION

Acclimatization is an important step in the micropropagation of plants. It is the process of
adapting a plant or organism to its new environment. During in vitro culture, plantlets grow
under special conditions in air-tight vessels, thereby increasing humidity and controlling the
temperature, unlike conventional culture (1). The aseptic environment in vitro reduces the
stress of pathogenic organisms. Several micropropagated plants do not survive the transition
from in vitro environment to the field due to changes in temperature, humidity, and lightning
(2). The ultimate success of tissue cultured plants on a commercial scale depends on the
ability to transfer the clean plantlets from a controlled, aseptic environment to land
successfully while maintaining a low cost and high survival rate (3).

The process of tissue culture can be summarized in four stages; initiation, multiplication,
rooting, and acclimatization (4, 5). The initiation stage involves explants selection, followed
by surface sterilization. The sterilized plants are then transferred to a nutrient medium under
a sterile environment to establish the plant in culture (6). The next stage is multiplication; this
involves the proliferation and multiplication of shoots. This stage is normally repeated
through a process known as sub-culturing until the desired numbers of plantlets are
achieved. The rooting stage prepares the propagated plants for planting out into the soil. The
plantlets are often transferred to a rooting medium which serves the purpose of inducing root
formation (6). The final stage in the tissue culture process is acclimatization. This is where
the plants are transferred from the culture medium to a substrate and acclimatized to
external conditions. The plants are kept in a shade or greenhouse where they become
adapted to the external environment by modifications to leaf morphology and anatomy (7, 8).

The transfer of tissue culture plantlets from the lab to soil usually leads to them being
exposed to abiotic stresses, like altered temperature, light intensity, humidity conditions, and
biotic stresses, like soil microflora. The transfer of tissue culture plantlets from laboratory to
soil needs to be slow and stepwise. Acclimatization is the adaptation of organisms to a new
environment (9). The substrates used in the acclimatization process are quite important as it
determines the survival and overall outcome of the plants. The aim of this research,
therefore, is to optimize the protocol for the acclimatization of tissue cultured pineapple
plantlets for a higher rate of survival and better growth parameters (23, 28)

1.1. Problem Statement

Various unsterilized substrates have been tried in the past for the acclimatization of micro
propagated plantlets, leading to poor survival rates and poor yield. Ubalua and Okorafor
(2013) reported a 58% survival rate for sweet potato plantlets grown on unsterilized
substrates (28). There is, therefore, a need to develop a low cost easily accessible
technology that would produce clean, virus-free, sterile plantlets in large quantity within a
short period, hence the introduction of the Semi-Autotrophic Hydroponics Technology

Semi-Autotrophic Hydroponics (SAH) is a low-cost novel technology, a licensed and rapid
alternative method for the acclimatization of tissue culture cultivated plantlet and successful
transfer to the field. (10).
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2. MATERIAL AND METHODS

The experimental design adopted was that of Randomized Complete Block Design

(RCBD) in a 3x5 factorial scheme, with five substrates (Semi autotrophic hydroponics,
sawdust, topsoil, sawdust+topsoil mix (1:3) and sawdust + topsoil mix (3:1), three
growth parameters (plant height, number of leaves and root length) with six replicates.
The experimental unit consisted of six trays containing ten plantlets each.

The technigue employed was a Randomized Complete Block Design (RCBD) with 10
samples per treatment in 6 replicates. 5 treatment parameters were investigated in this
research. Data analysis was done with the use of SAS statistical analysis software. (p<0.05)
(22).

2.1.Plant Material

The experiment was carried out at the Tissue Culture Laboratory of the National Horticultural
Research Institute, Ibadan, Nigeria. Freshly harvested pineapple crowns were obtained from
the research field of the National Horticultural Research Institute. The outer leaves of the
crowns were gently removed, until the inner bud was exposed.

2.2. Sterilization of pineapple explants

The exposed pineapple crowns were washed thouroughly under running water, amd then
sterilized with 50% Clorox (Sodium Hypochlorite 3,5 v/v) for 15min and 20% Clorox (Sodium
Hypochlorite 3,5 v/v)for 10min. Explants were rinsed thrice with sterile distilled water (15).

2.3.Initiation of sterilized explants

Explants were initiated using Nelson and Somogi medium and reported by Nagata et al (11).
This medium contained mineral salts of Murashige and Skoog (1962) medium, (12). Indole-
3-butyric acid [IBA] (2.0 mg/l), Napthaleneacetic [NAA] (2.0 mg/l), Benzylaminopurine [BA]
(2.5 mgl/l), Sucrose (30 g/l), Plant Preservation Mixture [PPM] (1 ml/l) and Phytagel (2.5 g/l).
Sterilized pineapple buds were transferred to the MS initiation media under sterile conditions
using a Labconco laminar flow hood (15).

2.4.Multiplication

Upon establishment, approximately 6 weeks after initiation, the plantlets were transferred to
a multiplication medium in 200 mL glass food jars. The multiplication medium (11) was made
up of Murashige and Skoog (1962) medium, IBA (2.0 mg/l), NAA (1.8 mg/l), Kinetin (2.0
mg/l), Sucrose (30 g/l), PPM (1 ml/l) and Phytagel (2.5 g/l). Further sub-culturing was done
every 6 weeks to increase plantlet numbers. Mature rooting systems were established after
the plantlets were placed on a rooting medium containing mg NAA (16).

2.5.Acclimatization in SAH Substrate

The plantlets were transferred to Semi Autotrophic Hydroponics substrate mix (SAH). The
SAH substrate mix (containing sterilized compost peat material) was obtained from Dr.
Matsumoto Ryo, International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. (10,
14).
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Procedure

SAH uses clean virus-free Tissue culture plantlets as planting materials (Figure 1). It
consists of sterilized compost peat materials or cocopeat, and formulated nutrient solutions
A & B; (see composition below) as a growth medium. Growth medium per box is contained
of 500ml of SAH substrate moistened with 250ml of combined solutions A & B. Lid of SAH
boxes though provided with 2-4 holes for aeration are kept closed for the first 10 days to
reduce transpiration. The temperature requirement for SAH plants is 25+2°C (14).

2.5.1. Composition of SAH Nutrient Solution
Nutrient Solution A: 35.4g of Solution Calcium Nitrate in 15L of distilled water (14).

Nutrient Solution B:

14.7g of Magnesium Sulphate

4.08g of Potassium Monophosphate
15.5¢g of Potassium Nitrate

0.02g of Ferrous Sulphate

Makeup to 15L with distilled water (14).

Nutrient Solution C:
500ml of Solution A and 500ml of Solution B was made up to 2 L of water to form Solution
C. Solution B was kept in a black container to prevent the oxidation of iron compounds (14).

2.6.Acclimatization in Saw Dust and Top Soil Mixtures

The micropropagated pineapple plantlets were subjected to primary hardening treatment
using different formulated substrates i.e. Sawdust only; sawdust + top-soil (1:3) ratio;
sawdust + top-soil (3:1) ratio; and topsoil only. Ten micropropagated pineapple plantlets
were used per treatment in round trays placed in a humidity chamber with a relative humidity
of 75%. (23, 26).

3. RESULTS AND DISCUSSION

There was a significant effect of substrate used on mean root length, mean plantlet height,
and mean leaf number (p<0.05) during the 15 days acclimatization period (Table 2). Mean
values for all treatment combinations were illustrated in Table 2. There was a significant
increase in the mean plant height for the SAH substrate, as against other substrates used in
this study (p<0.05) with SAH having the highest value of 3.50cm, followed by SD/TS 1:3 with
a plant height of 1.98cm.

The plantlets in SAH and TS showed a significant increase in the mean root length, with
SAH having the highest value of 2.53cm followed by TS with a value of 1.13cm. There was
no statistically significant difference in the root length of SD, SD/TS (1:3), and SD/TS 3:1.
There was no significant difference in the number of leaves among all the groups of
substrates. The plantlets in SAH also had a 100% survival rate as against SD: TD 3:1 which
had a 50% survival (Table 3).

It was demonstrated that pineapple acclimatization was the most efficient in Semi
Autotrophic Hydroponics media because the growth yield increased significantly compared
to the conventional method in sawdust and topsoil under the same environmental conditions.
These findings are in agreement with the findings of Pelemo et al (10, 14), who agreed that
the use of SAH with in vitro rooted plants increased efficiency in the 'transfer from culture'
process because it improved the survival percentage and facilitated the plant management.
Ogwuche et al also agreed that SAH supplemented with nutrients aids the rapid
multiplication of cassava; which is very important in production of cassava planting material.



(29). He also concluded that the success of plantlet acclimatization and field survival
depends on the medium used for propagation (29)

An overall increase in the mean plant height, mean root length, and percentage survival
indicates better plant growth in harsh conditions. The plant will ultimately be able to better
adapt to conditions on the field when transplanted (16, 17, 18)

Tissue culture pineapple plants are in more demand by local and commercial farmers. They
are clean and uniform. Acclimatization of tissue culture pineapple plantlets in SAH substrate
is the best option to increase the high production of pineapple tissue culture plantlets (19,
20, 21).

Table 1: Analysis of variance summary for plant height, number of leaves, and root
length for acclimatized pineapple explants

PlantHeight NoofLeaves RootLength

(cm) (cm) (cm)
Substrate (s) 8.79* 2.30ns 3.43**
Reps (R) 1.08ns 2.45ns 0.46ns
Error 0.49 0.92 0.03

Table 2: Interaction effect of substrate on plant height, number of leaves, and root
length of acclimatized pineapple explants

Plant Height | No of Leaves

Substrate Root Length (cm)
(cm) (cm)

SAH 3.50a+034 2.17a+0.83 2.53a+0.12

SD 0.82c+0.38 1.50ab+0.22 0.78c+0.06

SD/TS 1:3 1.98b+0.42 1.00ab+0.01 0.800c+0.05

SD/TS 3:1 0.63c+0.18 1.17ab+0.48 0.78c+0.06

TS 0.85¢+0.20 0.50b£0.22 1.13b+0.08

Note: Mean with the same letter are not significantly different p<0.05
Mean + SEM = Mean values + Standard error of means of five experiments

Table 3: Showing the percentage survival of the pineapple plantlets after
acclimatization

Substrate Survival %
SAH 100
SD 95
SD/TS 1:3 70
SD/TS 3:1 50
TS 50
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Figure 1: showing the mean difference between the growth parameters (p<0.05)
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Fig 2: Showing the final plantlets after 15 days of hardening in various media.
SAH: Semi autotrophic hydroponics, SD: Sawdust alone, TS: Topsoil alone



Fig 3: (A) Tissue culture pineapple plantlets in baby food jar and (B) Tissue culture pineapple
plantlets acclimatized in SAH substrate.

4. CONCLUSION

The Semi Autotrophics Hydroponics (SAH) substrate presents the best condition for the
acclimatization and growth of the tissue culture pineapple plantlets. This offers a great
opportunity to assist developing countries to produce more pineapple plantlets for food
security regularly. There is also a need to study local SAH substrates that are easily
available in the communities for easy adoption by subsistence and commercial farmers.
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