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Abstract. A multiplication technique based on subculture of nodal sections from ap-
ically dominant shoots is described for papaya (Carica papaya L.). Best multiplication
rates were obtained when single-node papaya sections were cultured on a modified De
Fossard medium containing 0.5 µM of both BAP and NAA. Shoots that developed from
axillary buds were dissected and cultured for 3 days on rooting medium containing 10
µM IBA and subsequently transferred to hormone-free Drew-Smith (DS) medium.
Explant growth rate was significantly reduced by substitution of 1% fructose for 2%
sucrose in the medium. However, after 12 months of incubation at 25C without sub-
culture, 100% of shoots on medium containing fructose were recovered when nodal
sections were subcultured and grown using the above techniques. Consequent advan-
tages are proposed for germplasm storage in lieu of low-temperature incubation. These
techniques may have application to other species. Chemical names used: N 6-benzyl-
aminopurine (BAP), I H -naphthaleneacetic acid (NAA), 1 H -indole-3-butyric acid (IBA).
Protocols that have been developed for in
vitro propagation of plant species can be di-
vided into three systems. System 1 is based
on callus culture followed by organogenesis
or embryogenesis, system 2 comprises pro-
liferation of axillary buds and/or adventitious
buds through repeated subculture on multi-
plication media containing cytokinin, and in
system 3 microcuttings from axillary buds of
apically dominant shoots are grown on hor-
mone-free or low-cytokinin media.

Published techniques for in vitro multipli-
cation of papaya have used either system 1
(Arora and Singh, 1978; Chen et al., 1987;
De Bruijne et al., 1974; Jordan et al., 1983)
or system 2 (Litz and Conover, 1977; Mon-
da1 et al., 1990; Rajeevan and Pandey, 1986;
Reuveni et al., 1990). System 1 permits rapid
multiplication but is prone to production of
genetic off-types (Larkin and Scowcroft
1981). The System 2 is commonly used in
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Fig. 1. Effects of BAP and NAA concentrations
in DS medium (Drew and Smith, 1986) on
growth of shoots from single-node papaya sec-
tions in terms of shoot height and weight. Re-
sults are means of 30 replicates. Mean separation
at P < 0.01, as determined by analysis of var-
iance, followed by pairwise significant differ-
ence testing using the protected LSD.
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commercial practice as it represents a com-
promise between high multiplication rates and
genetic stability; however, it has inherent
disadvantages. First, many species are dif-
ficult to root after repeated subculture on cy-
tokinin (DeFossard, 1977). Second, resultant
plants may be abnormally bushy, and rever-
sal of form to apically dominant shoots can
be difficult to achieve (DeFossard, 1977). In
papaya cultures, gibberellins have been used
to restore apical dominance (Mondal et al.,
1990; Reuveni et al., 1990). Third, after re-
peated subculture of papaya, cytokinin tox-
icity may cause a reduction in proliferation
rates (Drew, 1988), and in some cases, death
of cultures (Litz, 1984; Rajeevan and Pan-
dey, 1986). Finally, high BAP levels have
been associated with production of off-types
in other species (Smith and Drew, 1990).

This paper describes a multiplication tech-
nique for papaya based on system 3, i.e.,
subculture of nodal segments from apically
dominant plants. Resultant proliferation rates
were higher than those previously recorded
for papaya (Miller and Drew, 1990). This
paper also documents the reduced growth of
papaya cultures, when, at various stages dur-
ing three multiplication cycles, 1% fructose
was substituted for 2% sucrose in growth
media, and proposes advantages for germ-
plasm storage.
H O
Papaya multiplication. Two experiments
were performed to test the effects of several
factors on micropropagation efficiency of
papaya. In the first experiment, treatment 1
was the best of those described by Miller and

Papaya shoot cultures were established from
juvenile and adult tissue using techniques
described by Drew (1988). Clone 1 was de-
rived from a female seedling of ‘Hybrid 14’,
a line obtained from a breeding program at
Rockhampton (lat. 23.5 o'S) in central
Queensland, Australia. Clone 2 was estab-
lished from adult tissue of ‘OE’, a high-
yielding female line developed in southeast-
ern Queensland (lat. 26.5o'S). Clone 1 was
used in multiplication experiments and clone
2 in germplasm storage experiments.

The basal multiplication medium used in
these experiments was DS (Drew and Smith,
1986), which was a modified De Fossard et
al. (1974) medium containing high concen-
trations of minerals and growth factors.
Rooting medium (RM) contained interme-
diate concentrations of minerals and growth
factors (DeFossard et al., 1974) plus 10 µM

IBA. Media contained 2% sucrose unless
otherwise specified. The pH of all media was
adjusted to 5.8 with 0.1 M KOH before add-
ing 0.8% Difco Bacto-agar and autoclaving
at 121C for 1.5 min. Cultures were incubated
at 25 ± 1C with cool-white fluorescent tubes
that provided a 16-h photoperiod and a pho-
tosynthetic photon flux of 60 µmol·m -2·s-l.
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Fig. 2. Effects of 1% fructose (left) and 2% sucrose (right) on growth of papaya plantlets after 4
months without subculture on hormone-free DS medium (Drew and Smith, 1986).

Table 1. Effect of 2% sucrose and 1% fructose on papaya plants during an in vitro multiplication
cycle (MC) after two previous MCs on fructose or sucrose. MC = single-node sections on DS plus
0.5 µM of both BAP and NAA for 28 days; dissected shoots on RM plus 10 µM IBA for 3 days,
then DS for 28 days. Data are means of 50 replicates.

ZTime in days after transfer to rooting medium. Mean separation at P < 0.01 (across rows) as determined
by analyses of variance followed by pairwise significant difference testing using the protected LSD test.
Drew (1990). Rooted shoots 4 cm high, with
apices removed and roots trimmed, were
placed on DS medium containing 2.0 µM

BAP and 0.5 µM NAA. After 4 weeks, ax-
illary shoots were harvested and placed on
RM for 3 weeks before transfer to hormone-
free DS for 3 weeks. Ten plants produced
67 axillary shoots of which 61% rooted, giv-
ing a multiplication rate of 4.1:1 in 10 weeks.
In treatments 2 and 3, 4-cm-high rooted shoots
were dissected midway between the nodes
into double-node or single-node sections, re-
spectively, and cultured for 2 weeks on DS
medium containing 1 µM of both BAP and
NAA, followed by 2 weeks on hormone-free
DS medium. Shoots that had developed were
then excised from the nodal sections, cul-
tured on RM for 3 weeks, and then on hor-
mone-free DS medium for 3 weeks. In
treatment 2, 50 double nodes from 10 plants
produced 90 shoots, a rooting percentage of
68% and a multiplication rate of 6.1:1 in 10
weeks. In treatment 3, 100 single nodes from
10 plants yielded 92 shoots, a rooting per-
centage of 88% and a multiplication rate of
8.1:1 in 10 weeks. Whereas treatments 1 and
2 produced shoots of variable quality and
height, single nodes (treatment 3) produced
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consistently high-quality shoots >5 mm in
height.

In the second experiment, single-node
sections were placed on one of four media:
DS medium plus 0, 0.25, 0.5, or 1.0 µM of
both BAP and NAA. After 4 weeks, shoot
heights and weights on the media containing
0.5 and 1.0 µM of both BAP and NAA were
significantly higher (P < 0.01) than on other
media, but were not significantly different
from each other (Fig. 1). However, on me-
dium containing 1.0 µM BAP and NAA,
symptoms of BAP toxicity, pale leaves,
prominent midribs, and some misshapen
leaves were observed. By contrast, plants on
medium containing 0.5 µM BAP and NAA
had dark-green leaves and good quality shoots.

These experiments have led to the devel-
opment of an improved micropropagation
system for papaya. Single-node sections from
apically dominant shoots were cultured for
4 weeks on DS medium plus 0.5 µM of both
BAP and NAA. In Expt. 1, cultures grown
on medium containing 2.0 µM BAP and 0.5
µM NAA were transferred to hormone-free
medium after 2 weeks to avoid hormone
damage. Growth of nodal sections on me-
dium containing lower concentrations of BAP
(0.5 µM) (Fig. 1) eliminated the need for
this transfer. Resultant shoots were then ex-
cised and cultured on RM medium (minus
riboflavin) for 3 days before growth on hor-
mone-free DS medium for 4 weeks more.

This system was better than that described
previously for papaya (Miller and Drew,
1990). It increased the number of shoots >5
mm in height that can be obtained in 4 weeks,
thereby producing higher multiplication rates.
Five millimeters was shown to be the critical
length of papaya shoots for root initiation
(Miller and Drew, 1990), and largely deter-
mined rooting percentages in Expt. 1.

This multiplication system has four main
advantages. First, the use of single apically
dominant shoots at all stages avoids prob-
lems associated with form reversal before
rooting, and it produces consistently high
rooting percentages (>90%).

Second, by using only 3 days of exposure
to IBA, shoot damage is avoided, rooting is
enhanced, and the length of the multiplica-
tion cycle reduced. Although IBA is essen-
tial for root initiation in papaya (Drew, 1987),
prolonged exposure to IBA retards root and
shoot growth (Drew, 1991). Three days of
exposure to IBA has been shown to be op-
timal for rooting of papaya in terms of root-
ing percentage and time to 50% rooting
(Drew, 1991). Inhibitory effects of IBA on
root growth have been reported in other spe-
cies, both on cuttings (Went, 1939) and in
vitro (James, 1983).

Third, this system is not prone to shoot
damage or reduced proliferation rates caused
by BAP. Excess BAP has been shown to
inhibit shoot growth and reduce proliferation
rates with papaya (Drew, 1988). BAP should
be used in low concentrations and only to
initiate growth of dormant buds. Subsequent
shoot growth is better on hormone-free me-
dium (Drew, 1988).

Finally, because shoots are produced only
from axillary buds and exposure to BAP is
reduced, off-type production should be min-
imized. Five hundred plants of clone 2, mul-
tiplied using this technique, have been planted
in coastal Queensland and grown through to
fruiting. Four dwarf off-types (a frequency
of 0.8%) have occurred and all originated
from the same bud explants.

This multiplication technique has also been
used to propagate neem (Azadirachta indica
A. Juss) and coffee (Coffea arabica L.) clones
(Drew, 1991) and should be applicable to
other species exhibiting strong apical domi-
nance.

Effects of sugars on shoot growth. Ten
plants were subcultured on media containing
either 2% sucrose or 1% fructose for two
complete multiplication cycles (MC), as de-
scribed above. In the third MC, cultures were
either maintained on the sugar of the pre-
vious two MCs or changed to the alternate
sugar. At the end of the third MC, plants
grown on medium containing fructose ex-
hibited reduced shoot height, internode length,
and final rooting percentage and increased
time to root (Table 1). Growth during the
third MC was affected by the sugar treatment
of the first two MC’s (Table 1). This result
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emphasizes the importance of monitoring
growth for several subcultures when deter-
mining the effects of sugars and is consistent
with the results of Kinnersley and Henderson
(1988).

After an additional 4 months without
transfer, plants that were cultured on media
containing fructose for three MCs were still
green and were approaching senescence (Fig.
2), compared with plants on sucrose for three
MCs, which had ceased growing and had
abscissed all leaves after 2 months. After 4
months however, the plants on sucrose, al-
though dormant, still had healthy axillary buds
(Fig. 2).

After 12 months, one third of the plants
on sucrose medium had died. Three-fourths
of nodal shoots from surviving plants were
recovered after subculture, representing a 50%
recovery rate for this treatment. However,
100% of buds were recovered from nodal
segments of dormant plants on the fructose
treatment after 12 months without subcul-
ture. This result contrasts with previous in
vitro systems where it was essential to main-
tain active growth by subculturing papayas
every 3 to 4 weeks (Drew, 1988; Miller and
Drew, 1990). Fructose at 1% and sucrose at
2% were the optimum concentrations of these
sugars when shoot growth from papaya no-
dal sections was compared on autoclaved
media containing various sugars within the
concentration range of 0% to 4% (Drew,
1992). Fructose has been shown to reduce
glycolysis when added to tissue culture me-
dia (Redei, 1973a, 1973b). More work is
required to determine whether reduced growth
rates observed in the current experiment are
due to the sugar or its concentration. Further
studies on the effects of these factors on the
growth of apically dominant plantlets in vitro
may lead to the development of a technique
for germplasm storage of other tropical spe-
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cies where low-temperature incubation can
damage plant tissue.
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