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Abstract

Micropropagation and in vitro mutagenesis are reported in two local pineapple (Ananas
comosus (L.) Merr.) varieties, 'Smooth Cayenne' and 'Sugar Loaf. Multiple shoots developed
on Murashige and Skoog medium containing 3.5% sucrose, 3uM/l thiamine HC1, 3u.M/l
naphthalene acetic acid (NAA) and varying concentrations of 6-benzylaminopurine (BAP).
Shoot proliferation was best with 20 nM/1 BAP. Shoots were rooted on MS medium
supplemented with 1.5 uM/1 indole-3-butyric acid (IBA) and 0.75 uM/1 indole-3-acetic acid
(I A A). Radiosensitivity was determined by irradiating in vitro shoot tips with 15 to 120 Gy
gamma rays. The LD50 was found to be 45 Gy, and doses above 80 Gy were lethal to explants.
Projected methods are discussed to carry out mutation breeding for tolerance to drought and
heat .

1. INTRODUCTION

Pineapple (Ananas comosus (L.) Merr.) can be propagated from various vegetative parts
such as hapes bitts, suckers, slips and crowns. Usually, it is propagated from suckers [1]. It is
highly heterozygous, and its genetics is not well understood. It is one of the few crops in which
all cultivars are derived from spontaneous somatic mutations and natural evolution without
controlled breeding.

In Ghana, pineapple has become a very important horticultural export commodity.
Current government agricultural policies emphasize the need to promote production of non-
traditional cash crops such as pineapple to reduce the over-reliance on traditional crops.
Pineapple is cultivated in regions near the sea with high humidity and wide range in rainfall
(635-2,500 mm per annum). The optimal rainfall for commercial production is between 1,000
to 1,500 mm [2]. Pineapple plant 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 have corky
micro-fissures. The sugar contents is also reduced as a result of severe drought and thus the
taste changes. This in effect reduces the market value of the fruit [3].

In Ghana, pineapple cultivation is predominantly along the periphery of the forest zones
and regions of coastal savannah where temperatures range between 27°C to 35°C with annual
rainfall of 1,042 to 1,488 mm [4]. In Ghana, when the dry season exceeds five months,
especially if accompanied by high temperature, farmers experience poor crop production [5].
Breeding of pineapples varieties capable of withstanding these adverse environmental conditions
is essential. This will increase production of the crop, increase sustainable use of farm land, and
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restore farmer's income to levels above subsistence.

Mutation breeding is a suitable technique to improve vegetatively propagated crops. The
impact of mutation techniques for crop improvement has been described in many publications
[6]. In many vegetatively propagated crops, mutation induction in combination with in vitro
culture and other methods of plant biotechnology maybe the only effective method for their
improvement [7,8], These advances made in plant biotechnology, including the use of mutagens
and tissue culture techniques, should provide a new impetus to the solution of breeding
pineapple.

The objectives of this project are to modify the existing protocol for in vitro
micropropagation of pineapple (to generate large numbers of shoots for mutation induction and
for rapid propagation of planting material), and to induce genetic variation via in vitro culture
and gamma radiation to select for tolerance to prolonged periods of drought and heat.

MATERIALS AND METHODS

In vitro culture

Two popular Ghanaian pineapple cultivars, "Smooth Cayenne' and "Sugar Loaf were
used in these experiments. Explants were obtained from shoot apices of young suckers. They
were washed under tap water, followed by immersion in 7X detergent for about 15 minutes.
The explants were then rinsed in distilled water and surface-sterilized in 20% Clorox, with 2
to 3 drops of surfactant, Tween 80, for 20 minutes. This was followed by four rinses in sterile
distilled water. They were further trimmed down to the shoot tips.

Shoot tips of both cultivars were cultured on the following media: Murashige and
Skoog Salts [9], 3.5% sucrose, 3uM/l thiamine HC1, 3uM/l naphthalene acetic acid (NAA) and
varying concentrations (0, 10, 15, 20 and 25uM/l) of 6-benzylaminopurine (BAP) in completely
randomized design with three replicates. Prior to sterilization, the pH was adjusted to 5.8.
Multiple shoot buds were produced in liquid media agitated at 70 rpm on a rotary shaker, and
records taken after 8 weeks of culture. Rooting was induced on media supplemented with
1.50uM/l indole-3-butyric acid (IBA), 0.75uM/l indole-3-acetic acid (IAA) and 0.8% agar. All
cultures were maintained at 27°C under 16 hr cool-white fluorescent light at an intensity of
3000 lux.

Radio-sensitivity tests

Shoot tips were acutely irradiated with gamma radiation with doses 0, 15, 25, 45, 60,
80, 100 and 120 Gy from a 60Co gamma source at a dose rate of 215 Gy/hr. There were 50
explants per dose, and each dose was replicated three times in completely randomized design.
Irradiated shoot tips were transferred to shoot-proliferation medium with 20|iM/l BAP (which
gave the highest number of shoots; see results and discussions below). Radiation responses were
evaluated in terms of explant survival and shoot proliferation after 8 weeks of culture.
Surviving shoot tips were transferred to fresh medium, and subcultured to M,V, and
sequentially subcultured up to M,V4. Roots were induced in the shoots as described above. The
data were analyzed using the statistical software Statgraphics (STSC Inc. and Statistical Graphic
Corporation, USA).
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RESULTS AND DISCUSSION

Shoot proliferation varied with the concentration of BAP in the medium (Fig. 1).
Generally, shoot bud number increased with increasing concentration of BAP. This is in line
with studies by Skoog and Millar [10] that up to a certain limit, a high cytokinin-auxin ratio
favours bud and shoot formation. In both cultivars, optimal proliferation of shoot buds occurred
at concentration of 20[iM/\ BAP. However, as reported in previous studies [11], the cultivar
'Smooth Cayenne' proliferated better than the cv. 'Sugar Loaf. The mean shoot proliferation for
'Smooth Cayenne' at this optima was 100 compared with 85 shoots for 'Sugar Loaf. BAP
concentrations over 20u.M/l reduced shoot proliferation. Multiple Range Test (p<0.05) showed
that the concentrations of 10, 15, 20 and 25 |iM/l significantly affected shoot proliferation.
Shoot tips cultured on cytokinin-free medium produced few shoot-buds. For both cultivars,
rooting was achieved in medium supplemented with 1.5u.M/I IBA and 0.75jaM/l IAA.
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Fig. 1. Effect of BAP concentration on shoot proliferation

Radiosensitivity tests showed that dose of 80 Gy gamma rays was lethal to explants in
both 'Smooth Cayenne' and 'Sugar Loaf. The experiment established the LD50 was 45 Gy (Fig.
2) based on the survival of shoot tips. These results are consistent with the studies carried out
by other workers on mutation breeding in pineapple [12].
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FUTURE WORK

Plantlets of M,V,, M,V:, M,V3 and M,V4 propagation from radio-sensitivity studies
were transferred to greenhouse for weaning and selection for heat tolerance. The plantlets of
both irradiated and control experiments were exposed to high temperatures (35-40°C) in a heat
chamber. As control, plantlets were weaned at 25-28°C. Records are being taken on percentage
survival. This would be followed by selection in the field under prolonged drought conditions.
Selection under field condition would be based on fruit size and quality.
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Fig. 2. Effect of gamma radiation on shoot tips.

Mutagenic treatment of shoot tips to generate variants that can tolerate severe drought
and heat will be initiated this year. A total of 1000 explants of each cultivar will be treated
with 30 Gy and 40 Gy gamma rays. These would be cultured through N^V, and subsequently
through M,V2, M,V3 and M,V4 by micropropagation. Plantlets would then be transferred to the
greenhouse and subsequently to the field for selection, as described above. Selected types will
be multiplied in vitro for multi-location trials. Trials will be done in the pineapple growing
regions during the long dry season and also in the Northern parts of Ghana that have prolonged
drought periods and high temperature.
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