Plant Cell, Tissue and Organ Culture 44: 63-70, 1996. 63
© 1996 Kluwer Academic Publishers. Printed in the Netherlands.

Effect of abscisic acid, osmolarity and partial desiccation on the
development of recalcitrant mango somatic embryos

Fernando Pliego-Alfaro!2, Mary Joy R. Monsalud?, Richard E. Litz>*, Dennis J. Gray® &
Pamela A. Moon?

'Departamento de Biologia Vegetal, Universidad de Malaga, Malaga, Spain; *Tropical Research and Education
Center, University of Florida, 18905 S. W. 280 Street, Homestead, FL 33031 USA; 3Central Florida Research and
Education Center, University of Florida, University Avenue, Leesburg, FL 34748 USA (*requests for offprints)

Received 16 February 1995; accepted in revised form 19 September 1995

Key words: Mangifera indica L., somatic embryo, dehydration

Abstract

Inhibition of mango somatic embryo growth was induced in vitro by treatménts for 4 or more weeks with abscisic
acid (0~100 uM ABA) with and without high osmolarity provided by mannitol (0—10%}). High osmolarity and ABA
significantly affected somatic embryo length, precocious germination and the production of good quality secondary
somatic embryos. High osmolarity also affected root elongation. Abscisic acid was more effective in suppressing
growth and development of >0.5 cm-length somatic embryos than smaller somatic embryos. Development beyond
the heart stage was significantly inhibited by both ABA and mannitol treatments. The recovery of good quality
somatic embryos was enhanced by high levels of ABA (100 pM) with and without mannitol (0-5%). Somatic
embryos that had been pulsed with ABA were partially desiccated at different relative humidities. Weight loss was
affected only by relative humidity; and ABA did not enhance desiccation tolerance.

Abbreviations: ABA - Abscisic acid; 2,4-D - 2,4-Dichlorophenoxyacetic acid; MM1 - Mango maturation medium;

RH - Relative humidity

Introduction

Mango (Mangifera indica L.) embryos are considered
to be recalcitrant, and do not undergo a period of
maturation drying during seed development (Roberts,
1973). Mature recalcitrant embryos cannot survive par-
tial dehydration or storage at low temperatures (King &
Roberts, 1979). Depending on the species, recalcitrant
species cannot be stored for more than a few days or
weeks. Recalcitrant embryo maturation, germination
and seedling development are viewed as being a single
uninterrupted process. Orthodox embryos, in contrast,
undergo dehydration to as low as 5% moisture content,
and in this state, can survive in storage for many years
at ambient or low temperatures (Roberts, 1973).
Abscisic acid and osmolarity both appear to
be involved in controlling maturation of orthodox
embryos. Using somatic embryo maturation as a mod-

el, Bornmann (1993) and Janick ez al. (1993) suggested
that ABA increased endogenous levels of storage pro-
teins and fatty acids; Fujii et al. (1993) found that
high levels of starch could also be deposited. Although
high osmolarity levels have been demonstrated to be
beneficial for embryo maturation, their role has not
been clear. Increased endogenous ABA levels have
occurred in response to osmotic treatments with barley
(Morris et al., 1988); however, this was not observed
with wheat and rapeseed (Finkelstein & Crouch, 1986;
Morris et al., 1988). Sucrose and polyethyleneglycol
(PEG) improved the quality of celery somatic embryos,
but there was no effect on fatty acid content in either
species (Janick et al., 1993). High osmolarity and ABA
stimulate embryo maturation of rapeseed (Finkelstein
& Crouch (1987), but normal seedling morphology
would occur only after high osmolarity treatments. In
contrast, Fujii et al. (1989) observed better plantrecov-
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ery with ABA alone. The modes of action of ABA and
osmolarity therefore appear to be variable and depen-
dent on the species.

The role of ABA and osmolarity in the develop-
ment of recalcitrant embryos is not well documented.
Pence (1991) demonstrated that endogenous ABA lev-
els increase at the beginning of Theobroma cacao L.
embryo maturation. Increased production of lipids and
fatty acid saturation was observed to be associated with
higher ABA levels in cacao embryos (Pence, 1992).
Etienne et al. (1993) observed that high osmolarity
and ABA levels promoted somatic embryo maturation
and germination of rubber Hevea brasiliensis.

Most tropical tree species reproduce from recal-
citrant seeds (Chin, 1988; Chin & Roberts, 1980).
The absence of developmental arrest of embryos of
tree species that have recalcitrant seeds has prevent-
ed reforestation in the tropics, and has created the
need to establish large living germplasm repositories
because seed of these species cannot be stored. In a
recent report, Pliego-Alfaro et al. (1995) described the
responses of adventitious nucellar mango embryos to
ABA, osmotic stress and low temperature, as part of
an attempt to stimulate developmental arrest in these
naturally occurring clonal embryos. In this report, we
have described the effects of osmolarity, ABA and par-
tial desiccation on the development of mango somatic
embryos.

Materials and methods
Establishment of embryogenic cultures

Immature fruits of polyembryonic mango Mangifera
indical.. (‘Hindi") were collected approximately 40-50
days after poilination from the tropical fruit germplasm
collection of the University of Florida, Homestead.
Fruit were surface-disinfested for 30 min. in a 30%
(v/v) Clorox solution containing 2-3 drops of Tween
20 per 100 ml. The disinfested fruit were washed thor-
oughly with sterile, deionized water, and each fruit was
bisected along its longitudinal axis under sterile condi-
tions. The ovule or immature seed was removed from
each fruit, bisected along its longitudinal axis, and the
embryo mass was removed and discarded. The ovule
halves were placed onto sterile plant growth medium
in disposable plastic Petri dishes so that the nucellus
was in contact with the medium. After 1 week and
at 1-week intervals thereafter, the explanted ovules
were subcultured onto fresh medium. The plant growth

medium consisted of BS major salts (Gamborg et al.,
1968), MS (Murashige & Skoog, 1962) minor salts
and organic compounds, 400 mg 1~! glutamine, 60
g 17! sucrose 4.5 ym (1.0 mg 1-!) 2,4-D and 2.0 g
1=! gellan gum as a solidifying agent (DeWald et al.,
1989a). Embryogenic tissue was inoculated into liquid
medium of the same formulation in 125 ml Erlenmeyer
flasks, and subcultured at 5-day intervals. Suspension
cultures were maintained at 100 rpm. All cultures were
maintained at 25 °C in darkness.

Maturation of somatic embryos

Somatic embryo maturation was initiated by transfer-
ring the embryogenic cultures from liquid embryoge-
nesis medium to liquid medium without 2,4-D (MM1).
Normal development was stimulated in 2 ways (Mon-
salud, 1994):

— Heart-stage somatic embryos (4-6 mm length) were
removed from liquid MM 1 and subcultured on sol-
id MM1 containing 2.0 g 1~! gellan gum and 20%
(v/v) filter-sterilized coconut water (DeWald ez al.,
1989b) in Petri dishes. The cultures were main-
tained in darkness at 25 °C. These somatic embryos
were hyperhydric, and failed to develop normally;
however, the somatic embryos generaily dediffer-
entiated and produced apparently normal, opaque,
white secondary somatic embryos.

— Heart-stage somatic embryos (4-6 mm length) were
removed from liquid MM1, and were partially
dehydrated in atmospheres of 95 and 100% rel-
ative humidity for 24 and 48 h (Monsalud, 1994;
Monsalud et al., 1995) in order to reverse hyper-
hydricity.

Somatic embryos that were normal in appear-
ance were recultured onto solid MM1 in petri dishes.
Torpedo-stage somatic embryos were utilized for all of
the following experiments.

Effect of ABA and mannitol on somatic embryo
maturation

Individual somatic embryos (5-8 mm) that had been
partially dehydrated at high relative humidity in order
to promote normal development were used (Monsalud,
1994; Monsalud ¢t al., 1995). Four somatic embryos
were cultured on plant growth medium in each 100x 15
mm Petri dish. The plant growth medium consisted
of MM1 that had been modified by the addition of
different concentrations of ABA [(+)-cis, trans abscisic
acid, Sigma A101z] (0, 1.0, 5.0, 10.0, 50.0 and 100.0



pM) together with mannitol (0, 5.0, 7.5 and 10.0%
w/v) in all possible combinations. There were between
7 and 12 replicates of each treatment. The cultures were
maintained in darkness at 25 °C, and were subcultured
at 4-week intervals. Initial data were recorded 4 days
after the beginning of the experiment, and included
the length of the somatic embryos and the amount of
phenolic compound accululation in the plant growth
medium. Measurements recorded after 4 and 8 weeks
included somatic embryo length, root length, number
of high quality (white, opaque) secondary embryos that
formed and germination frequency.

Cotyledonary-stage secondary somatic embryos
(3.0 to greater than 10.0 mm length) that were normal
in appearance (white, opaque) were removed from ded-
ifferentiating hyperhydric somatic embryos on MM1.
Somatic embryos that were morphologically similar in
terms of cotyledon length and number, freedom from
injury and hyperhydricity were used for these experi-
ments. The somatic embryos were classified in 2 arbi-
trary sizes, i.e., smaller than 5.0 mm and between 6.0
and 10.0 mm, and were plated on MM1 containing
different concentrations of ABA, including 0.0, 100.0,
250.0, 500.0, 750.0 and 1000.0 uM. There were 3 repli-
cates per treatment and 4 somatic embryos per repli-
cate. Initial data were recorded 4 days after the cultures
were established and at 4- and 8-week intervals. Initial
data included the length of the somatic embryos; there-
after, changes in length and germination frequency of
the somatic embryos were measured.

Four weeks after the experiment was begun, somat-
ic embryos that exceeded 10-mm length were partially
dehydrated at either 90 or 100% RH for 2 days. There
were 3—4 somatic embryos for each treatment. Four
to 6 somatic embryos were placed in sterile 100x 15
mm petri dishes without plant growth medium. A
4.0-mm-diameter hole was drilled into the cover and
was covered with a 0.45 uM acetate filter. The plates
were sealed with Parafilm. Fresh weights were record-
ed. These plates from each treatment were placed
in a chamber with 90% RH at 25 °C. Three plates
were also placed in germination flats with cells with
1500 ml water and were covered with a clear dome,
secured tightly with masking tape. Somatic embryos
were dehydrated for 72 h and weighed. The change
in fresh weight was determined. The somatic embryos
were recultured on MM1, and they were assessed for
viability and normal maturation 4 weeks later.

Standard errors were calculated from the collected
data, and the significance of different treatments on
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somatic embryo development was determined uning
ANOVA at o = 0.05 or 0.01.

The pH of plant growth media was adjusted to 5.8
prior to autoclaving at 121 °C and 1.1 kg cm~2 for
20 min. Abscisic acid was dissolved in 0.1 N KOH,
diluted with deionized water, filter-sterilized and was
added to the media following autoclaving. Media were
decanted into sterile disposable plastic Petri dishes (15
ml/60x 15 mm dish and 20 mI/100 x 15 mm dish); Petri
dishes were sealed with Parafilm. All plant tissue cul-
tures were maintained in darkness at 25 °C.

Results

Preliminary experiments indicated that maturation,
i.e., elongation, germination and root length, of somat-
ic embryos was arrested on plant growth medium con-
taining 100 uM ABA. Four- and 8-week pulses, with
either mannitol alone at any concentration or togeth-
er with ABA, significantly inhibited the enlargement
of somatic embryos in relation to the controls (Table
1). The change in somatic embryo length due to a
4-week pulse with ABA was not significant; howev-
er, 8-week pulses with ABA significantly inhibited
somatic embryo enlargement. The maximum inhibi-
tion of growth occurred with the highest concentra-
tions of mannitol (7.5 and 10%), irrespective of the
ABA concentration.

Secondary somatic embryogenesis was observed
from the hypocotyl bases in many of the treatments
(Table 1). Most of these somatic embryos were hyper-
hydric and their appearance could not be correlated
with ABA concentration, mannitol or combinations of
the two data (data not shown). The appearance of nor-
mal secondary somatic embryos that were white and
opaque was associated with 8-week pulses with manni-
tol and/or ABA, and the relationships were significant
(Table 1). The maximum number of normal appearing
somatic embryos was recovered from treatments with
5.0 uM ABA and 0-5.0% mannitol.

Precocious germination was strongly inhibited by
all concentrations of mannitol and by combinations
of mannitol with ABA after 4- and 8-week pulses.
A 4-week pulse with ABA alone did not appear to
suppress precocious germination except at the high-
est concentrations tested (50 and 100 uM). The most
effective treatments for suppressing precocious ger-
mination after a 4-week pulse were 50 and 100 uM
ABA together with 5-10% mannitol. Precocious ger-
mination, however, was significantly suppressed by 8-
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Table 1. Effect of ABA and mannitol on size (cm) of primary singulated somatic embryos and
secondary somatic embryo production after 4- and 8- week pulses.

oM % Initial 4-week 8-week 8-week
ABA - mannitol SElength SElength SElength 2ndary SE
0 0 0.7+0.0 1.24+0.1 1.71+0.1 1.0+0.2
0 5.0 0.6+0.0 0.8+0.1 1.240.1 3.8+1.1
0 7.5 0.6:£0.0 0.740.1 1.040.1 1.840.5
0 10.0 0.6+0.0 0.7+0.3 0.81+0.0 0.2+0.1
1.0 0 0.740.1 1.2301 1.840.1 25412
1.0 50 6.0+£0.0 09+0.1 1.420.1 21109
1.0 1.5 0.6+£0.0 0.710.0 0.940.1 03101
1.0 10.0 0.6:0.0 0.84+0.1 0.9+0.1 0.0+£0.0
5.0 0 0.740.1 1.240.1 1.7+£0.1 34410
5.0 5.0 0.8+0.1 0.7+0.1 1.1+0.1 3.6L1.5
5.0 7.5 0.6+0.0 0.74+0.0 0.910.1 0.0+0.0
5.0 10.0 0.6+0.0 0.7+0.0 0.910.1 0.0+£0.0
10,0 0 0.7+£0.0 11401 1.610.1 1.7+0.6
10.0 50 0.60.0 0.8+0.1 1.2+0.1 04402
10.0 75 0600 07101 1101 0.6103
10.0 10.0 0.6:0.0 0.74£0.0 0.9120.0 0.11+0.0
50.0 0 0.7+£0.0 0.910.1 1.3+0.1 2.04+0.7
50.0 50 0.710.0 0.84+0.0 1.0£0.1 0.4+0.2
50.0 15 0.61+0.0 0.740.0 0.91+0.1 0.0+0.0
50.0 10.0 0.6+0.0 0.740.0 0.910.1 0.0£0.0
100.0 0 0.7+0.0 0.940.1 1.240.1 0.2+0.1
100.0 50 0.6£0.0 0.610.0 0.5+0.1 0.0+0.0
100.0 1.5 0.6+0.0 0.710.0 0.910.1 0.0+£0.0
100.0 10.0 0.6£0.0 0.7+0.0 0.910.1 0.010.0
Source parameter DF MS S(PR>F)  R?
SE initial length rep 11 0.2970 0.0001 0.0478
ABA 5 0.1227 0.1611 0.0090
mannitol 3 0.4714 0.0004 0.0207
mannitol* ABA 23 0.1204 0.0176 0.0445
SE 4-wk length rep 11 0.2851 0.0148 0.0304
ABA 5 0.3894 0.0123 0.0189
mannitol 3 7.2751 0.0001 0.2115
mannitol* ABA 23 1.11424 0.0001 0.2547
SE 8-wk length rep 11 0.4179 0.0993 0.0218
ABA 5 0.8985 0.0034 0.0260
mannitol 3 16.625 0.0001 0.2894
mannitel* ABA 23 2.7136 0.0001 0.3622
secondary SE 8-wk  rep 9 24.225 0.0977 0.0218
ABA 5 32,579 0.0508 0.0163
mannitol 3 62.006 0.0055 0.0176
mannitol* ABA 23 26.023 0.0122 0.0598

Data represent mean length (cm) =+ standard error. Somatic embryo = SE.



Table 2. Effect of ABA and mannitol on germination frequency (%) and root elongation (cm) of

primary singulated somatic embryos after 4- and 8- weeks.

M % 4-weeks 4-weeks 8-weeks 8-weeks
ABA mannitol % germ root length % germ root length
0 0 425478 1.320.1 82.1+7.1 1.240.1
0 5.0 18.849.2 11304 75.09.5 1.7+02
0 7.5 0.0+0.0 0.6+0.3 4545.0 1.2+0.3
0 10.0 2.84+2.8 0.740.1 39.8::8.3 1.3+0.2
1.0 0 31.249.2 1.240.1 84.44:8.1 1.6+0.2
1.0 50 10.0+10.0 1.0+0.5 658109 1.61£0.4
1.0 7.5 9.2+4.7 0.6+0.1 45.8:49.6 1.44+03
1.0 10.0 2.842.8 27.84101  1.0+03
50 0 36.117.8 1.240.1 92.94+4.6 1.940.1
50 50 0.04+0.0 0.440.1 3654103 12403
50 15 1074107 09403 2024131 27404
50 10.0 31331 0.3+0.0 135470  0.840.2
10.0 0 333472 14403 65.6:4:8.1 1.6+0.2
10.0 5.0 10.7+7.4 1.3+06 321471 2.610.4
10.0 75 10.7+£74  0.7+03 29.5:4+9.4 14103
10.0 10.0 2.5+£2.5 0.610.3 13.7+4.5 1.24+0.2
50.0 0 18.8+103 12105 5954105 1.6+02
50.0 5.0 0.01+0.0 2.0+0.3 13.94+4.4 1.3+0.3
50.0 7.5 3.143.1 1.0£0.1 5.045.0 0.5+0.5
50.0 10.0 0.0+0.0 0.040.0
100.0 0 12.5+6.7 1.1+£04 3754129 21403
100.0 5.0 0.0£0.0 0.0:+0.0
100.0 7.5 0.0+0.0 0.6+0.1 0.040.0 0.6+03
100.0 0.0+£0.0 0.0+0.0
Source parameter DF MS S(PR>F) R?
Root length 4-wk  rep 11 0.3565 0.6453 0.0942
ABA 5 1.5955 0.1185 0.0336
mannitol 3 1.4051 0.0197 0.1012
ABA*mannitol 23 0.4337 0.4862 0.1978
Germ. 4-wk ep 11 0.0354 0.6096 0.0471
ABA 5 0.0980 0.0385 0.0592
mannitol 3 0.8430 0.0001 0.3052
ABA™ mannitol 23 0.1483 0.0001 04117
Root length 8-wk  rep 11 1.0111 0.3543 0.0372
ABA 5 1.5955 0.1185 0.0326
mannitol 3 27812 0.0265 0.0341
ABA*mannitol 23 2.0125 0.0008 0.1646
Germ. 8-wk rep 9 0.0784 0.7719 0.0329
ABA 5 1.0669 0.0001 0.2491
mannitol 3 2.4726 0.0001 0.3464
ABA*mannitol 23 0.6125 0.0001 0.6578

Data represent means % standard error.
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week pulses with mannitol, ABA and combinations of
ABA with mannitol (Table 2). The most effective treat-
ments for suppressing precocious germination after an
8-week pulse were 50 and 100 uM ABA with 7.5
or 10% mannitol, respectively. Among the somatic

embryos that germinated, root length was apparently
suppressed by mannitol after a 4-week pulse (Table 2);
however, the differences among treatments were not
significant. Combinations of ABA and mannitol sig-
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Table 3. Effect of ABA on development of singulated secondary somatic embryos of mango.

M Initial SE  4-week SE  4-week 8-week 8-week 12-week
ABA lengthem lengthem germ % lengthem germ %  germ. %
<0.5 cm somatic embryos
0 0.5+0.0 12403 16.7 12402 273 714
100 0.6£0.0 0.74+0.1 0.0 0.910.1 0.0 50.0
250 0.5+0.0 0.74:0.1 0.0 0.810.1 0.0 100
500 0.540.0 0.840.1 0.0 0.840.1 0.0 50.0
750 0.54+0.0 0.610.1 0.0 0.610.1 0.0 25.0
1000 0.6::0.0 0.740.1 0.0 0.84+0.1 0.0 77.8
Source parameter DF MS S(PR>F) R?
replicate initial length 2 0.0036 0.6901 0.0119
#1 subculture 2 0.0192 0.6066 0.0162
#2 subculture 2 0.0239 0.8825 0.0073
ABA initial subculture 5 0.0109 0.6071 0.0579
#1 subculture 5 0.4931 0.0121 0.2181
#2 subculture 5 0.3472 0.0751 0.2654
>0.5 em somatic embryos
0 0.9+0.0 1.740.2 10.0 22403 66.7 66.7
100 0.910.1 1.0::0.1 0.0 1.14+0.1 11.1 25.0
250 0.910.1 11407 0.0 1.240.2 0.0 25.0
500 0.9+0.1 1.140.1 0.0 1.130.1 0.0
750 0.9+0.0 1.0+0.0 0.0 1.10.0 50.0
1000 0.84+0.0 1.0+0.0 0.0 1.0:0.1 0.0 100
Source parameter DF MS S(PR>F)  R?
replicate initial length 2 0.0692 0.0754 0.0946
#1 subculture 2 0.0281 0.8330 0.0069
#2 subculture 2 0.0589 0.8429 0.0077
ABA initial length 5 0.0143 0.7720 0.0489
#1 subculture 5 0.6495 0.0001 0.4031
#2 subculture 5 1.6262 0.0001 0.5347

nificantly suppressed root elongation after an 8-week
pulse.

The accumulation of phenolic compounds in the
plant growth media was slightly less after 4 weeks in
comparison with the initial readings (data not shown);
however, there was no difference between the control
and the treatments with mannitol alone. A 4-week pulse
with ABA alone or together with mannitol resulted
in significantly more accumulation of phenolic com-
pounds in the medium (data not shown).

Abscisic acid inhibited enlargement of small
cotyledonary secondary somatic embryos (<5.0 mm)
after pulses of 1 and 2 months; however, the differences

among treatments were not significant. The growth of
later-stage somatic embryos (5.0-10.0mm) was signif-
icantly suppressed by all ABA concentrations relative
to the control after 4- and 8-week pulses (Table 3). Pre-
cocious germination of both sizes of somatic embryos
was significantly inhibited by ABA relative to the con-
trol for up to 8 weeks. There was less precocious ger-
mination involving early-stage somatic embryos after
ABA pulses of 1 and 2 months than with the cor-
responding treatinents involving later-stage somatic
embryos and in comparison with untreated somatic
embryos. After a 12-week pulse, there were no sig-
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Fig. 1. The effect of different ABA concentrations on dehydration
of mango somatic embryos at different relative humidities. Bars =
SE.

nificant differences for germination frequency among
treatments or between somatic embryo sizes.

Somatic embryos (10-15 mm) that had been pulsed
with ABA for 1 month were dehydrated for 72 h at dif-
ferent RH. The percent weight loss was significantly
affected by % RH, and there was more water loss from
treated somatic embryos at 90% RH than at 100% RH
(Fig. 1). Abscisic acid had no effect on water loss, and
failed to enhance desiccation tolerance. Four weeks
after partial dehydration, there was no significant dif-
ference for precocious germination between dehydrat-
ed and nondehydrated somatic embryos, regardless of
the ABA pulse. After 8 weeks, all of the somatic
embryos, both control and partially dehydrated, ger-
minated precociously.

Discussion

Maturation of nucellar mango embryos removed from
polyembryonic ovules and grown in vitro was reported
to be arrested by pulses of 750-1750 uM ABA, 7.5-
12.5% mannitol and combinations of ABA with manni-
tol (Pliego-Alfaro et al., 1995). The effects of mannitol
and ABA differed, however, in that there was a 4-week
residual effect of ABA, but no such effect with man-
nitol. In the current study, mannitol was significantly
more effective than ABA in suppressing mango somat-
ic embryo development. Mango somatic embryos were
sensitive to much lower exogenous levels of both ABA
and mannitol than nucellar embryos. Maturation of
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somatic embryos was suppressed by 100 uM ABA in
contrast with 750 uM ABA needed for suppression
of growth of nucellar embryos. Mannitol at 10% was
toxic for somatic embryos, although nucellar embryos
survived exposure to 12.5% mannitol (Pliego-Alfaro
et al., 1995). Our results therefore concur with other
studies that indicate that osmolarity and ABA affect
maturation in different ways (Fujii et al., 1989), and
suggest that recalcitrant somatic embryos may not be
suitable models for studying in ovulo embryo matura-
tion (Pliego-Alfaro et al., 1995).

In order to maximize the effectiveness of ABA dur-
ing orthodox somatic embryo maturation, it is neces-
sary to apply it at a critical stage of embryo devel-
opment. According to McKersie e al. (1989), ABA
should be applied to alfalfa somatic embryos during the
early cotyledonary stage. Increase in size of advanced-
stage mango somatic embryos (5.0-10.0 mm) was sig-
nificantly inhibited by ABA in comparison with earlier-
stage somatic embryos (<5.0 mm). In addition, pre-
cocious germination was suppressed by ABA in <5.0
mm somatic embryos in comparison with 5.0-10.0 mm
somatic embryos. Thus, two ABA-sensitive growth
responses of recalcitrant mango somatic embryos are
dependent on and can be characterized on the basis of
their stage of development.

Abscisic acid has been shown to confer desiccation
tolerance in orthodox somatic embryos (Carman, 1988;
Welbaum et al., 1990). However, viviparous seeds that
are mutants of plants that normally produce orthodox
seeds produce very little ABA, and have been demon-
strated to be unable to tolerate desiccation (Karssen et
al., 1983; Koornheef et al., 1989). Etienne et al. (1993)
reported that Hevea brasiliensis recalcitrant somatic
embryos acquired desiccation tolerance as a result of
treatment with high levels of ABA and sucrose; how-
ever, no such relationship was evident in the current
study. Pence (1992) also demonstrated that decreased
moisture levels in mature recalcitrant cacao embryos
in comparison with immature embryos is not associ-
ated with dessication tolerance. Abscisic acid-treated
mango somatic embryos germinated precociously fol-
lowing dehydration in comparison with undehydrated
somatic embryos. Thus, there appear to be clear differ-
ences in mode of action of ABA during development
of recalcitrant versus orthodox embryos.

Altough desiccation tolerance was not observed in
preconditioned recalcitrant mango somatic embryos,
the extended maintenance of somatic embryos in vitro
was possible on plant growth medium containing high
levels of mannitol with and without ABA. Develop-
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mental arrest without dehydration of mango somatic
embryos was most clearly demonstrated as a result of
an 8-week pulse with mannitol and ABA. Mannitol
was more effective than ABA in suppressing somatic
embryo development; however mannitol, unlike ABA,
was earlier shown to have no residual effect on devel-
opment after nucellar embryos were subcultured onto
MM1 (Pliego-Alfaro et al., 1995). Mango somatic
embryos germinated precociously after osmotic stress
unless 100 uM ABA was also present. The control of
precocious root formation was also described by Mon-
salus et al. (1995), who showed that precocious ger-
mination of partially dehydrated hyperhydric mango
somatic embryos could be prevented by the presence
of ABA in the plant growth medium. These results
could provide the basis for a strategy to induce devel-
opmental arrest for short and medium term storage of
recalcitrant somatic embryos.
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