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Improvement of pineapple using in vitro and mutation breeding techniques
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Abstract. Induction of genetic variation in pineapple (Ananas comosus (L.) Merr.), cv. 'Smooth Cayene'
and 'Sugar Loaf, was investigated by irradiation of shoot tips with 45 Gy gamma rays. Irradiated shoot
tips were sub-cultured in vitro, and 2500 plants of each cultivar were generated and acclimatised at
45/40° C day/night temperatures. The plants were transplanted in field, and subjected to prolonged
periods of drought and heat. In 'Smooth Cayene', the stress treatments did not produce any variant
capable of survival under prolonged drought. In 'Sugar Loaf', 54% of the plants, derived from irradiated
shoot-tips, survived prolonged drought, but produced unmarketable fruits. A method of in vitro
propagation to generate large numbers of pineapple plants was developed.

1. INTRODUCTION

Pineapple (Ananas comosus (L.) Merr.) is a tropical fruit, propagated from vegetative
parts, such as hapas, bitts, suckers, slips and crowns [1]. It is highly heterozygous, and its
genetics is not much studied. It is among the few crops in which all the cultivars have been
derived from spontaneous somatic mutations and natural evolution without controlled breeding.

Pineapple is cultivated in regions of high atmospheric humidity near the sea with wide
range in rainfall (635 - 2,500 mm per annum). The optimal rainfall for commercial production is
1,000-1,500 mm [2]. It has xerophytic features, and can tolerate drought. However, severe
drought causes early withering of the peduncle, resulting in reduced flow of nutrients to the fruit.
The fruit pericarp, produced under such adverse conditions, lacks lustre and has corky
microfissures. The sugar content is also reduced and thus the taste changes. As a consequence,
the market value of the fruit is reduced [3],

In Ghana, pineapple has become the leading non-traditional export crop over the past
decade. Average fruit production per year is in excess of 10,000 metric tonnes compared to
6,600 during 1980-1990 [4]. This has resulted from government's policy, aimed at
diversification of agricultural crops for export. 'Smooth Cayene' and 'Sugar Loaf are the main
cultivars used for commercial production in Ghana. Cultivation of pineapple is predominantly
along the periphery of the forest zone, including regions of the coastal savannah, where
temperature ranges from 27 to 35°C and annual rainfall is between 1,042 to 1,488 mm [5]. This
limits the area of production to a narrow strip in the southern part of the country, which is
unsuitable for the cultivation of traditional crops, such as cocoa, coffee and oil palm.

Farmers experience poor harvest when the dry season extends beyond five months in any
particular year. The vast arable lands of the northern part of the country are currently unsuitable
for pineapple cultivation because of long spells of drought (in excess of five months)
experienced annually with accompanying elevated temperatures, sometimes exceeding 40°C.
Further increases in pineapple production in the country will depend on extending the area of
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cultivation to regions currently considered marginal or even unsuitable. This will involve
breeding new varieties capable of withstanding the adverse local environmental conditions in
these regions. This in turn will lead to increased sustainable use of land, and improve income of
many farmers.

In many vegetatively propagated crops, mutation induction in combination with in vitro
culture is the only effective method for their improvement [6,7,8]. The selection of desired types
may be done in vitro or conventionally in the field. In vitro selection allows screening of large
populations in a small space under controlled environmental conditions. Heat and drought are
traits amenable to in vitro selection. For effective selection, test material could be exposed to
temperature ten degrees higher than the maximum temperature for cultivation. The combined
use of these techniques could enhance breeding of new varieties of pineapple, suitable for use in
the relatively dry and hot parts of Ghana. The objectives of this project were to induce genetic
variation for tolerance to prolonged periods of drought and heat, and to modify the existing
method of micropropagation of pineapple for generating large numbers of propagules of two
cultivars, namely, 'Smooth Cayene' and 'Sugar Loaf.

2. MATERIALS AND METHODS

2.1. In vitro culture

Pineapple cultivars, Smooth Cayenne and Sugar Loaf were used in the experiments.
Young basal suckers, collected from a commercial farm near Kwabenya, were used as explants.
They were washed in tap water, followed by cleansing in 7X detergent for about 15 minutes. The
explants were then rinsed in distilled water, and surface sterilised for 20 minutes in 20% Clorox
containing 2-3 drops of 'Tween 80'surfactant. This was followed by four rinses in sterile
distilled water. The shoots were further trimmed down. Shoot tips were cultured on shoot
proliferation medium containing MS salts [9], 3.5% sucrose, 3 uM thiamine HC1, 3 jaM
naphthalene acetic acid (NAA), and varying concentrations (0, 10, 15, 20 and 25 uM) of 6-
benzylaminopurine (BAP). Prior to sterilisation of the medium, the pH was adjusted to 5.8. The
cultures were placed in a completely randomised design with three replicates for each treatment.
Multiple shoot buds were produced in liquid media, agitated on a rotary shaker at 70 rpm, and
records taken after 8 weeks of culture. Rooting was induced on solid MS medium, supplemented
with 1.5 uM indole-3-butyric acid (IBA), 0.75 uM indole-3-acetic acid (LAA), and 0.8% agar.
All cultures were maintained at 27°C under 16 hr cool-white fluorescent light at an intensity of
3000 lux.

2.2. Radio-sensitivity and mutation induction

Shoot tips generated in vitro were irradiated with 0, 15, 25, 45, 60, 80, 100 and 120 Gy
gamma rays from a CO60 source at rate of 215 Gy/hr. There were 50 explants per treatment, and
each treatment was replicated three times. Irradiated shoot tips were transferred to shoot
proliferation medium, supplemented with 20 uM BAP (based on results from in vitro culture).
Radiation response was evaluated in terms of explant survival and shoot proliferation after 8
weeks of culture. Surviving shoot tips were transferred to fresh medium, and sequentially
subcultured up to M1V4. After the radio-sensitivity test, shoots of both cultivars, generated in
vitro, were irradiated with 45 Gy dose, and subcultured to the M1V4 via micropropagation
method, described above.
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2.3. Weaning and selection of variants

Plantlets, derived from in vitro irradiated material, were transferred to greenhouse for
selection of variants tolerant to high temperature. Plants were grown in 30x25 cm black
polythene bags, filled with loamy soil. Prior to transfer into soil, plants were gently washed in
water to remove all traces of agar on the roots. The potted plants were placed in a heat chamber
with day temperature of 45°C and night temperature 40°C with low relative humidity. The plants
were watered with 6.6 mg/ml 'Raizal 400' macro-nutrient solution for two weeks, and
subsequently with ordinary water as required. Plants were monitored regularly, and observed for
the presence of chlorophyll and spineless variants. The plants were kept in the greenhouse for an
extended period in order that field evaluation would coincide with the dry season. After 5
months, the weaned plants were transferred directly to the field for further selection and
evaluation.

2.4. Field selection for drought tolerance

For each variety, 2500 plants treated with 45 Gy of gamma radiation were planted in the
field. There were five plots, each comprising 10 rows of 50 plants at 1.5x1.5 m spacing. Plots
were blocked according to the age of the plants (from laboratory to field), and separated by two
rows of non-irradiated material (control). Initially, the plants were irrigated once each week to
ensure good establishment in the field, and then sparingly to mimic drought conditions. Plots
were kept clean by weeding and application of herbicides, as required. NPK fertiliser (15:15:15)
was applied three months after planting, at a rate of 15 g per plant. Plants were induced to flower
at 18 months. This was achieved by placing 1 g of calcium carbide within the leaf axil of each
plant, and adding 200 ml of water to generate ethylene. Data were collected on individual plants
for fruit weight, length, and girth, and presence or absence of spines on the leaves.

2.5. Data analysis

The data on in vitro culture and the radio-sensitivity tests were analysed using the
statistical software Statgraphics (STSC Inc., and Statistical Graphic Corporation, USA). The
data were subjected to analysis of variance using the general linear model to test the significance
of treatments (gamma radiation dose). Least square means were derived, and standard errors
were used to test significance. In addition, a Dunnetts' t-test was performed on data to compare
the means.

3. RESULTS AND DISCUSSION

3.1. Shoot proliferation and radio-sensitivity

The experiment established LD50 to be 45 Gy. These results are consistent with those
reported by other workers on mutation breeding in pineapple [10], and with the previous results
on micropropagation and radio-sensitivity [11]. Multiple Range Test (p=0.05) showed that
concentrations of 10, 15, 20 and 25 uM significantly affected shoot proliferation. More shoot-
buds were formed with increasing concentration of BAP in the medium. In both cultivars, the
optimal proliferation of shoot buds occurred with 20 uM BAP and rooting was achieved on
medium supplemented with 1.5 uM IBA and 0.75 uM IAA. The proliferation of 'Smooth
Cayenne' was better than that of 'Sugar Loaf.
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3.2. Weaning and selection for heat tolerance

The temperature in the heat chamber was favourable for the acclimatisation of the plantlets
derived from all treatments. Plantlets weaned under the higher temperature conditions grew
faster than those weaned under conventional conditions (at 22°C humidity chamber for 2-3
months; 23°C cold room for 4-6 weeks; ambient temperature in plant barn for 4-6 weeks). These
observations suggest that pineapple plantlets can grow at temperatures up to 45°C and that
gamma radiation does not affect their ability to do so.

3.3. Field evaluation for drought tolerance

Generally, there was a higher rate of survival in plants from control experiments (i.e. 0 Gy)
than in plants from irradiated explants for both varieties. The establishment of irradiated plants
under drought conditions in the field was not successful in Smooth Cayenne whereas in Sugar
Loaf 54% survival was recorded from material treated with same dose of 45 Gy gamma
radiation. Irradiated plants were as vigorous as non-irradiated ones (Table I). However, only
37.5% produced fruits as against 87.5% among non-irradiated plants. Under-sized fruits,
weighing 268 to 421 g from irradiated and 288 to 512 g from non-irradiated plants were
produced compared with 0.7 to 1.5 kg required for export [12].

TABLE I. PLANT AND FRUIT CHARACTER OF PINEAPPLE CV. 'SUGAR LOAF',
DERIVED FROM IN VITRO MUTAGENSIS

Dose Plant height (cm) Leaf width Fruit length Fruit girth Fruit weight
(Gy) mean+SE (cm) (cm) (cm) (g)

mean±SE mean±SE meantSE meantSE
0 64.4±(4.0) 3.1±(0.3) 11.0±(2.3) 24.0±(3.6) 350±(162)

45 68.3±(4.2) 4.8±(0.3) 10.2±(l.l) 23.0±(1.7) 344± (76)

4. CONCLUSIONS

An improved system for the rapid multiplication of pineapple was established. In both
'Smooth Cayene' and 'Sugar Loaf, optimal shoot proliferation occurred in liquid medium
composed of MS salts, 3.5% sucrose, 3 j-iM thiamine HC1, 3 |xM naphthalene acetic acid, and 20
uM 6-benzylaminopurine. The same medium supplemented with 1.5 JJM indole-3-butyric acid
and 0.75 uM indole-3-acetic acid, and solidified with 0.8% Bacto-agar induced rooting. The
LD50 for inducing useful mutations in both cultivars was 45 Gy gamma rays. The ex-vitro
irradiated plants were successfully weaned, and subsequently acclimatised at elevated
temperatures of up to 45°C for five months. However, induced mutations did not reveal any
variants capable of surviving prolonged drought conditions in 'Smooth Cayene' or producing
marketable fruits in 'Sugar Loaf.
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