
tion characteristics. However, 80-31-l (PPR
1) resulted from a cross-pollination of ‘Grand
Slam’ (PPR 4) and ‘Virginia’ (PPR 3); this
is not surprising in view of the heterozygos-
ity of ‘Virginia’. Progeny from self-polli-
nations of 80-31-l did not segregate into low
and high PPR (Table 2). Since P. × domes-
ticum may be a polyploid, a larger popula-
tion of self-pollinated progeny would be
needed to detect all possible segregates.

Postproduction quality can be used as a
selection criterion in a breeding program since
P. × domesticum segregates for petal reten-
tion. Few progeny with improved PPR were
produced from either self- or cross-pollina-
tions involving parents with low PPR. Four
of the five breeding lines with consistently
high postproduction ratings were self-polli-
nations of a parent with a PPR of 3; ‘Vir-
ginia’ was a parent of three of these breeding
lines as well as ≈ 33% of all the breeding
lines evaluated in this study. Another supe-
rior breeding line is 81-35-1, a hybrid that
had one parent with a PPR of 3. The best
approach to breeding P. × domesticum with
improved postproduction characteristics is to
use gentoypes with the highest petal reten-
tion.
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In Vitro Storage of Pineapple (Ananas
spp.) Germplasm
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Abstract. Sterile distilled water was found to be an acceptable medium for the main-
tenance of tissue-cultured plantlets of three Ananas accessions. Eighty-one percent of
the plantlets survived 12 months at 25C in 1 ml of sterile distilled water. Plantlets
stored in water for 12 months were observed to be more vigorous than those that were
cultured for 12 months in full-strength Murashige and Skoog (MS) medium. However,
medium containing l/4-strength MS salts and full-strength organics, 3% sucrose, and
agar gave the best plant survival and vigor. None of the plantlets in this study produced
callus. Only a single instance of axillary budbreak was observed in explants stored on
the l/4-strength MS medium.
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Pineapple [Ananas comosus (L.) Merr.] is
one of the 14 designated tropical fruit and
nut crops maintained in the field gene bank
at the National Clonal Germplasm Reposi-
tory, Hilo (NCGR-Hilo), Hawaii, by the U.S.
Dept. of Agriculture, Agricultural Research
Service. In addition to field and greenhouse
plantings, the 162 accessions of Ananas are
maintained and distributed in vitro.

Frequent subculture of the in vitro collec-
tion onto new medium is laborious, costly,
and uses valuable laboratory space. Recent
studies on pineapple tissue culture have con-
centrated mainly on the development of rapid
propagation methods (DeWald et al., 1988;
Mathews and Rangan, 1979,1981; Mathews
et al., 1976; Zepeda and Sagawa, 1981), and
no efforts have been made to define a me-
dium-term, low-maintenance in vitro storage
protocol. Our goal was to develop a me-
dium-term (minimum 12 months), low-input
in vitro maintenance system through the ma-
nipulation of medium composition and cul-
ture environment.

This study was conducted using the An-
anas accessions A. comosus (L.) Merr. cv.
Ananas De Vaupes (HANA 51, P.I. 162769),
A. bracteatus (Lindley) var. rudis (Bertoni)
(HANA 73, P.I. 536877), and A. comosus
cv. Philippine Green (HANA 129, P.I.
536949).

Axillary bud pieces (1 cm3) were excised
from mature greenhouse-grown plants and
disinfected in 15% Clorox solution (5.25%
sodium hypochlorite) and Tween-20 (two
drops/100 ml) for 15 min followed by 10%
Clorox + Tween 20 for 10 min. Pieces were
then trimmed to 5 mm3 in 5% Clorox and
Tween and soaked for 1 h in 1% Clorox
solution. Buds were rinsed in 1 ml of sterile
water for 10 min and cultured on initiation
medium (IM) containing full-strength Mu-
rashige and Skoog (MS) salts (Murashige and
Skoog, 1962) plus (per liter) 100 mg myo-
inositol, 2 mg glycine, 0.5 mg nicotinic acid,
0.5 mg pyridoxine·HCI, 0.4 mg thia-
mine·HCl, 2 mg 6-benzylaminopurine (BA),
2 mg naphthaleneacetic acid (NAA), 30 g
sucrose, and 9 g Bacto-agar at pH 5.7
(DeWald et al., 1988; Zepeda and Sagawa,
1981).

Three weeks after culture initiation, buds
that were green and free from microbial con-
tamination were transferred to maintenance
medium (MM) similar in composition to IM
medium, but containing less salts (l/4 MS)
and no growth regulators. Plantlets were
grown on MM until the basal leaves were 4
cm long and then subcultured to liquid mul-
tiplication medium (MX). MX medium con-
tained l/4 MS salts, full-strength organics,
and 2 mg BA/liter. Lower leaves were re-
moved from each plantlet to enhance bud-
break in this medium. Liquid cultures were
maintained in 14 x 150-mm test tubes on a
rotary drum (30 cm in diameter) at 10 rpm.

Plantlets (1 cm long) from the multipli-
cation medium were transferred to MM and
allowed to grow until their basal leaves
reached 7 to 9 cm. These plantlets were then
harvested for the storage study.

Five storage treatments were compared
using 14 x 150-mm disposable glass tubes
as containers. Treatments included: plantlets
stored in A) empty, sterilized tubes; B) 1 ml
of sterile distilled water; C) 3.5 ml of a solid
medium containing 1/2 MS salts, full-strength
organics, 9 g agar/liter, and no sucrose; D)
3.5 ml of a solid medium containing full-
strength MS salts, full-strength organics, 9
g agar/liter, and no sucrose; and E) 3.5 ml
of a solid medium containing 1/4 MS, full-
strength organics, 30 g sucrose/liter, and 9
g agar/liter. Treatment E is the same as MM
currently used at the repository for the prop-
agation and maintenance of 162 accessions
of pineapple. Hana 73 was not included in
Treatment E due to an insufficient number
of explants at the initiation of the experi-
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for publication 6 Aug. 1991. The cost of publish-
ing this paper was defrayed in part by the payment
of page charges. Under postal regulations, this pa-
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ment. Each treatment was replicated five times
using six plantlets per replication. Culture
tubes were arranged in a randomized com-
plete block design. Cultures were maintained
at 25C with 16 h light and 8 h darkness under
white fluorescent lights. All plantlets were
maintained in the same tubes for 12 months
without subculture. Visual observations were
made every 3 months. A point system was
used to rate plant vigor after 12 months: 1
= dead, 2 = poor, 3 = moderate, and 4
= vigorous. The ratings were analyzed using
the Statistical Analysis System (SAS).

No significant differences were observed
between the two accessions of A. comosus
(HANA 51, 129) in their growth responses
within each storage treatment. All plantlets
stored in empty sterile glass tubes (Treat-
ment A) remained viable for at least 60 days
and then gradually dehydrated, with lower
leaves becoming chlorotic. An average of
eight plantlets (27%) from each accession
survived for 9 months, and a total of 11
plantlets (18%) from the two A. comosus
accessions survived 12 months (Table 1), with
low average vigor ratings. Hana 73 (A. brac-
teatus) appeared to survive desiccation better
than pineapple. Eight plantlets (27%) sur-
vived 12 months but had low vigor (Table
2). After 12 months, most of the leaves on
all the surviving plantlets were dried and
grayish-brown with only a whorl of three to
four small green leaves remaining in the cen-
ter. Attempts to rejuvenate these plantlets
using MX medium were moderately suc-
cessful, resulting in ≈ 50% recovery.

The addition of 1 ml of sterile distilled
water to each tube (Treatment B) prolonged
the storage life of pineapple plantlets to 9
months with only 7% mortality. At the end
of 12 months, 51 of the 60 plantlets (85%)
from the two pineapple accessions and 22 of
the 30 (73%) HANA 73 (A. bracteatus)
plantlets survived. The vigor rating of HANA
73 was slightly lower than that of the pine-
apples (Table 2).

All plantlets from HANA 51 and HANA
129 stored exceptionally well on Treatment
E (Table 1). Although no HANA 73 plantlets
received Treatment E, plantlets of this acces-
sion maintained on MM were as vigorous as
the two pineapple accessions. One HANA
51 plantlet in this medium developed a single
side shoot. Plantlets of A. bracteatus cul-
tured on Treatment C were vigorous and ap-
peared to grow more rapidly than the two
pineapple accessions on this medium.

The high salt concentration in Treatment
D was detrimental for the medium-term, low-
maintenance culture of pineapples. Although
the survival rate of plantlets was similar to
those in sterile water after 1 year, the mean
vigor rating was significantly lower than for
Treatments C and E (Table 2). Plantlets of
A. bracteutus had slightly higher survival rates
and vigor ratings than the two A. comosus
accessions (Tables 1 and 2).

Available moisture was a critical factor for
maintenance of pineapple in vitro. The ad-
dition of sterile distilled water satisfied this
criterion as a short-term (6 months) storage
medium. However, for medium-term stor-
age, there was a significant loss of plant vigor.
Also, sterile water was effective only if
plantlets were >7 cm long. Plantlet survival
rate and vigor were poor when smaller plant-
lets (2 to 4 cm long) were used (unpublished
observations). Treatment E (l/4-strength salts,
sucrose, and organics) appeared to be more
effective than Treatments C and D for me-
dium-term, low-maintenance storage of
pineapple. In addition to the higher survival
rate and vigor rating of plantlets, Treatment
C also supported the growth of smaller plant-
lets (24 cm) (unpublished data).

As a result of this study, a revised main-
tenance and distribution protocol for tissue-
cultured pineapple was adopted at the Na-
tional Clonal Germplasm Repository in Hilo.
Axillary buds from each accession are now
cultured and grown on the IM medium. After
4 weeks, six healthy plantlets are transferred
into 3.5 ml of l/4-strength MS (Treatment
E) maintenance medium in glass tubes and
stored without further subculture for 12
months. Three additional plantlets are cul-
tured and maintained in the same conditions,
but are used only for multiplication and dis-
tribution. To ensure the stability of the germ-
plasm, the distribution stocks will be renewed
yearly from greenhouse plants or from slow-
growth materials in storage. In terms of sav-
ings in labor and storage space, this new
procedure is an improvement over our orig-
inal protocol of keeping three 250-ml flasks
(75 ml of medium, five plantlets per flask)
per accession for all functions (storage, mul-
tiplication, and distribution).

Tissue-cultured pineapple plantlets (4 to 9
cm long) are being distributed in empty ster-
ile disposable glass tubes after they have been
rinsed in sterile water. This method reduces
the shipping weight as well as the incidence
of en route contamination. Plantlets can be
planted immediately after arrival at their des-
tination without further treatment. This new
protocol produced significant savings in space
and labor at the NCGR-Hilo operation.
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