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Abstract The mature zygotic embryos of the Hevea
brasiliensis were cryopreserved through the use of the
vitrification and encapsulation/dehydration techniques. In
all the experiments, the zygotic embryos were pre-cultured
for three days in the MS medium supplemented with 0.3 M
sucrose before they were used for the cryopreservation
technique. In the vitrification procedure, the effect of the
plant vitrification solutions (PVS2 and PVS3) and exposure
time were studied. The highest survival rate (88.87%) and
regrowth (66.33%) were achieved when the precultured
zygotic embryos were incubated in a loading solution for 20
minutes at 0°C. They were subsequently exposed to PVS2
for 120 minutes at 0°C and plunged directly into liquid
nitrogen. Cryopreservation by the encapsulation-dehydration
method was successfully done by leaving the encapsulated
zygotic embryos in a laminar flow for 4 hours prior to
plunging into a LN. The survival rate and regrowth of the
encapsulated zygotic embryos were 37.50% and 27.98%,
respectively. The cryopreserved zygotic embryos were able
to develop into whole plants.

Keywords zygotic embryo, Hevea brasiliensis, cryopres-
ervation, vitrification, encapsulation-dehydration

Introduction

Cryopreservation is becoming a very important tool for the
long-term storage of plant genetic resources and efficient
cryopreservation protocols have been developed for a large
number of plant species. Conservation of Hevea brasiliensis
genetic resources is presently through field banks. However,
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field conservation can be endangered by many field factors,
such as pest and disease outbreak, besides competing for
limited land resources for other development. Furthermore,
Hevea seeds are difficult to conserve as they are recalcitrant
seed. Seed viability drops as soon as fruits are collected.
Charlog et al. (2016) reported that during storage by avoid
sunlight exposer, the seed germination will decrease to 0%
after 14 days. The only practicable procedure for long-term
storage of rubber tree germplasm is cryopreservation, however
this requires partial drying to prevent ice crystal damage.
Previous studied on Hevea zygotic embryos cryopreservation
was reported by Normah et al. (1986). The highest per-
centages of survival rate (69%) was obtained when excised
zygotic embryos were desiccated for 3 h, directly plunging
into liquid nitrogen (LN) and rapidly thawed. Yap et al.
(1998) reported that preculture of excised embryos in 0.3
M sucrose improved desiccation and fieezing tolerance
resulting in higher viability and survival rate after cryo-
preservation. Additionally, Hevea cryopreservation of anther
callus by vitrification showed 71.7% viability. This effective
protocol involved preculture on MS medium containing 5%
sucrose (w/v) and 5% dimethyl sulfoxide (DMSO) (v/v) for
3 days, loading with 60% PVS2 for 20 min at 0°C and
dehydrate with ice cold PVS2 for 40 min (Zhou et al. 2012).
However, only moderate survival rate and a low percentage
of embryos developed into normal shoots were observed.
Therefore, the further improvement should be carried out to
enhance survival and regrowth rate after cryopreservation.

Different techniques are used for cryopreservation of
recalcitrant seed species. New cryopreservation protocols
based on vitrification as well as encapsulation-dehydration
have been developed. Vitrification relies on treatment of
explants with a concentrated vitrification solution for variable
periods of time (from 15 minutes up to 6 hours), followed
by a direct plunge into liquid nitrogen. The success of the
procedure can be attributed to its easiness, high reproduc-
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ibility and to the fact that it can successfully be applied to
a wide range of tissues and plant species (Wang et al. 2005;
Sajini et al. 2011). Additionally, encapsulation-dehydration
technique was established by Fabre and Dereuddre (1990),
explants (usually meristems or embryos) are firstly encap-
sulated in alginate beads, then the encapsulated explants
are treated with a high sucrose concentration, dried down
to a moisture content of 20 ~30% (under airflow or using
silica gel) and subsequently rapidly frozen in liquid nitrogen.
Although the procedure can be considered rather lengthy
and labour-intensive. However, it is observed that the pres-
ence of a nutritive matrix (the bead) surrounding the explant
can promote its regrowth after rewarming. These protocols,
which have proved its efficiency with various plant species,
have not been tested yet with Hevea zygotic embryos. For
successful cryopreservation, many factors are involved, such
as starting materials, pretreatment conditions, cryopreservation
procedures and post-thaw treatment. In our experiments, we
compared vitrification and encapsulation-dehydration using
zygotic embryos of rubber tree. For vitrification protocol,
osmotic dehydration was performed with the two most
generally used plant vitrification solutions, PVS2 (Sakai et
al. 1990) and PVS3 (Nishizawa et al. 1993). Moreover, en-
capsulation-dehydration by drying under airflow or using
silica gel was compared. Therefore the goals of this study
were to investigate the potential of long-term conservation
(cryopreservation) by the application of vitrification and
encapsulation-dehydration method to define a reliable method
for rubber tree germplasm conservation.

Materials and Methods

Plant materials

Hevea clones used in this studied were early introduced
clone which collected from Southern Thailand. Zygotic
embryos of these clone were excised from the mature seeds
and subsequently disinfection followed the method of Ighere
et al. (2011). The seed testa was removed and the cotyledon
was washed in running tap water for 2 min. The explants
were further washed with tween 20 before they were
immersed in 70% ethanol for 5 min, thereafter the explants
were rinsed with sterile distilled water. Sodium hypochlorite
solution (2% active chlorine) was used for the next disin-
fection (15 min immersion). After washing with sterile
distilled water, further disinfection was done using sodium
hypochlorite solution (1% active chlorine) for 10 min. The
explants were then rinsed with sterile distilled water for

five times. All disinfection process was carried out in the
laminar flow hood. Zygotic embryos were large with a
diameter of 2 ~3 mm and a length of 4 ~6 mm. Embryos
were excised and maintained on Murashige and Skoog
(MS) media for 5 days and viable pale yellow explants
were used for the further steps. The samples were placed
under the light intensity of 2,500 lux, 12 hour photoperiod,
25°C.

Vitrification

Optimization of sucrose pretreatment duration

Preculture of explants was done on semi-solid MS media
supplemented with progressive concentrations of sucrose
(0, 0.1, 0.3, 0.5, 0.7 and 1.0 M) in Petri dishes for 3 day
(preliminary study). The optimum time for sucrose pre-
treatment 0, 1, 2, 3, 4 and 5 days were tested. Precultured
zygotic embryos were used for the following vitrification
method

Cryoprotection duration with PVS2 and PVS3

Two most generally used plant vitrification solutions (Sakai
et al. 1991), PVS2 [30% (w/v) glycerol, 15% (w/v) ethylene
glycol, 15% (w/v) dimethyl sulphoxide (DMSO)] and PVS3
[50% sucrose and 50% glycerol] were compered. Moreover,
an experiment was carried out to determine the optimal
PVS2 and PVS3 exposure time. Zygotic embryos were
incubated in loading solution (MS medium with 2 M
glycerol and 0.4 M sucrose) for 20 min at 0°C. The loading
solution was then removed and subsequently subjected to
dehydration with PVS2 and PVS3. The zygotic embryos
were exposed to the vitrification solutions for varying
times (0, 30, 60, 90 and 120 min) at 0°C. Cryotubes con-
taining the zygotic embryos were plunged directly in LN
and maintained at -196°C for 24 h. After storage in LN,
cryotubes were rewarmed rapidly in a water bath at 40+
2°C for 5 min. Subsequently, the vitrification solution was
drained from the cryotubes and replaced with unloading
solution (MS liquid medium supplemented with 1.2 M
sucrose), in which the zygotic embryos were washed for
20 min. Then zygotic embryos were transferred to regrowth
medium (MS medium supplemented with 0.6 ~0.7 uM
kinetin (KN), 1.0 uM naphthaleneacetic acid (NAA), 1.4 uM
Gibberellic acid (GA) and 4 g/l activated charcoal). The
cultures were placed under the light intensity of 2,500 lux,
12 hour photoperiod, 25°C. Vitrificated but unfrozen beads
were used as controls (-LN).
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Encapsulation-dehydration

Excised zygotic embryos were encapsulated according to
the method of Peran et al. (2006). Zygotic embryos were
suspended in calcium-free medium supplemented with 3%
sodium alginate. Calcium alginate beads were formed by
dispensing drops of 3% sodium alginate each containing a
single embryonic axis (diameter 4 ~5 mm), into a 0.3 M
CaCl, solution. After preculture treatment with 0.3 M sucrose
for 3 days, encapsulated zygotic embryos were dried at 25°C
either by rapidly flash drying or slowly by using silica gel.
Flash drying was accomplished by placing encapsulated
zygotic embryos on top of a petri dish, gradually dehydrated
(0-5 h) by exposure to the sterile air flow. For slow drying,
zygotic embryos were placed in closed containers (10 beads
per container) filled with 80 g silica gel. Moisture content
of the beads after each dehydration period was calculated
on fresh weight basis. Treated explants were then placed
in sterilized aluminium foil enveloped and directly dipped
in LN and kept for a minimum of 24 h. Dehydrated but
unfrozen beads were used as controls (-LN). Cryopreserved
axes were thawed rapidly by immersing the aluminium foil
envelops in water bath at 40+2°C for 5 min subsequently
plating on regrowth medium.

Assessment of survival rate and regrowth percentage

The effect of different treatments was assessed by measuring
survival rate and regrowth percentages of zygotic embryos.
Survival rate in corresponding to the presence of living
tissues and to the observation of any regrowth pattern was
recorded after 10 days of cryopreservation. After this dur-
ation, dead embryogenic axes normally changed into pale
white color. Measuring of survival rate was important as
it allowed rapid evaluation of experiments performed.
Regrowth was evaluated from the production of normal
roots and shoots from treated explants which observed
after 20 days of culture. Each treatment was performed
with three replicates of 10 explants. The results were based
on the mean value of at least three sets of independent
experiment, presented as percentage of survival rate/regrowth
samples over the total number of explants treated per ex-
perimental condition.

Statistical analysis
All experiments were repeated three times. Results are

presented as mean percentage with their standard error, and
evaluated by SPSS 19 and Excel software. Significance

difference among mean values was assessed by analysis of
variance (ANOVA) and Duncan’s multiple range test
(P<0.05).

Results and Discussion

Vitrification

Duration of sucrose preculture
To induce dehydration tolerance, explants need some treat-
ments before immerging in LN, such as preculture on
medium with a high sucrose concentration. The injurious
effects caused by the dehydration process are reduced by
optimizing the sucrose concentration in the preculture me-
dium and the duration of preculture step. In preliminary
study on effect of progressive sucrose concentration in the
preculture medium showed that the viable rate of zygotic
embryos after cooling in LN increased with sucrose con-
centration in preculture medium, peaked (66.2%) at 0.3 M
and progressively decreased to 52.7% when the sucrose
concentration was raised to 1.0 M (data not shown). The
effect of extending the preculture duration in medium with
0.3 M sucrose was also studied. As showed in Figure 1,
after 3 days of preculture, the highest survival rate was
achieved, while preculture for 4-5 days decreased the
survival rate.

The prolonging of preculture time, the viability of zygotic
embryos dramatically increased and reached a maximum
at 3 days. Survival rate and regrowth percentage after LN
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Fig. 1 The effect of sucrose concentration in the preculture
medium on the regeneration of the cryopreserved rubber tree
zygotic embryos by dehydration. Bars correspond to the SE of
means of three replications. Values with different letters were
significantly different using Duncan’s Multiple Range Test (P <
0.05)
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exposures were 75.5 and 62.3%. Our results showed that
sucrose preculture can enhance dessication and freezing
tolerance of rubber zygotic embryos. Viable zygotic embryos
turned to green within 7 ~ 10 days after culture on regrowth
medium. Growth of cryopreserved zygotic embryos showed
normal shoots and roots emergence. However the development
of shoots and roots was slower than the control seedling
(no cryopreservation). Survival rate of control zygotic
embryos was consistently above 90%, whatever the sucrose
concentration employed during pretreatment. In accordance
with Yap et al. (2011) who investigated the effects of
sucrose preculture duration on tolerance of Garcinia cowa
shoot tips to cryopreservation using the PVS2 vitrification
solution. The result demonstrated that increasing preculture
duration on 0.3 M sucrose medium from 0 to 3 days en-
hanced tolerance to PVS2 solution from 5.6% (no preculture)
to 49.2% (3 day preculture). However, the optimal protocol
for preculture conditions of coconut zygotic embryos in-
volved preculture of embryos for 3 days on semi-solid
medium with 0.6 M sucrose (Sajini et al. 2011). Uemura
and Steponkus (2003) reported that exogenous sucrose at
low concentration serves as a metabolic substrate for low-
temperature induced metabolic alterations, while at higher
concentration it has a direct cryoprotective effect on cellular
membranes. Thus, we used zygotic embryos precultured
with 0.3 M sucrose for 3 days in the following vitrification
experiments.

Cryoprotection duration with PVS2 and PVS3

We compared the most widely used vitrification solutions,
PVS2 and PVS3, which were employed for different dur-
ations. PVS2 is characterized by its high chemical toxicity,
because it includes the permeating cryoprotectants DMSO

and ethylene glycol, while PVS3, which includes sucrose
and glycerol, can be toxic because of the high osmotic
pressure it exerts on plant cells (Kim et al. 2009). In the
preliminary experiments, it was observed that loading
solution for 20 min at 0°C proved to be most effective in
increasing survival rate of zygotic embryos cooled to 196°C.
To determine the optimum time of exposure to PVS2 and
PVS3 solution at 0°C, precultured zygotic embryos were
dehydrated with PVS2 or PVS3 solution for different
lengths of time prior to a plunge into LN. Exposure to
PVS2 or PVS3 solution for various lengths of time resulted
in a variable rate of survival rate and regrowth percentage
(Table 1). The duration of PVS3 treatment is critical for
regrowth of embryos after cryopreservation. In this study,
longer exposure time for PVS3 treatments might be necessary
since Sajini et al.(2011) demonstrated that the optimal PVS3
treatments for coconut zygotic embryos was achieved after
16 h. A similar pattern was observed in garlic shoot tips
treated with PVS3 for 150 ~ 180 min ensured 92% regen-
eration after freezing (Kim et al. 2004). Moreover, our
result shows that Hevea embryos were sensitive to osmotic
stress induced by PVS3. Zygotic embryos treated with PVS2
solution at 0°C for up to 120 min without cooling (treated
control) retained very high levels of survival rate and
regrowth percentage. After treatment with PVS2, survival
and regrowth percentage of precultured zygotic embryos
increased progressively with increasing treatment durations
(Table 1). After cryopreservation, the highest level of
survival rate and regrowth percentage were obtained with
precultured zygotic embryos treated with PVS2 for 120
min at 88.87% and 66.33%, respectively. Similar results of
using PVS2 exposure range (40 ~90 min), were obtained
in avocado (Guzmén-Garcia et al. 2013), Quercus (Martt

Table 1 The survival rate and regrowth percentage of the vitrificated control (-LN) and cryopreserved (+LN) zygotic embryos

Plant vitrification = Length of exposure +LN -LN
solution (min) Survival rate (%) Regrowth (%) Survival rate (%) Regrowth (%)
PVS2 0 0 0 9333+ 8.7° 9333+ 5.6°
30 0 0 93.33+ 9.8° 93.33+15.3"
60 55.55+11.6° 3337+ 8.2° 96.67+10.5° 96.67+ 9.7
90 66.67+ 9.1° 53.33+17.7° 93.33+12.5° 90.0010.7°
120 88.87+14.2° 66.33+ 9.4° 96.67+ 9.3 93.33+ 9.5
PVS3 0 0 0 93.33+ 5.7° 9333+ 8.7
30 0 0 83.33+ 6.3° 83.33+ 7.5°
60 0 0 86.67+ 9.5° 86.67+13.4°
90 23.33+ 7.7 16.67+ 5.7° 83.33+12.3° 80.00+15.7°
120 3333+ 9.4¢ 30.00+£10.2° 86.67+14.8° 86.67+£17.3

Values (mean values = SE) within the column of each parameter for each treatment followed by the same letter were not significantly

different based on the Duncan’s multiple range test (P<0.05)
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Fig. 2 Post-cryopreservation survival of the zygotic embryos by
vitrification expose in PVS2 for 60 mins (A), 90 mins (B) and
120 mins (C), and the development of the zygotic embryos after
2 months of culturing on the regrowth medium (D-F)

nez et al. 2003) and taro (Sant et al. 2008), with recovery
rates ranging from 77.78 to 100%. Finding the adequate
exposure time to PVS2 solution is a critical step in all
vitrification procedures (Sakai and Engelmann 2007) as it
is the key to find a balance between appropriate dehydration
and chemical toxicity. A possible reason for this successful
method could be the exposure of zygotic embryos to PVS2
at 0°C instead of 25°C. Most injury effects caused by the
dehydration process are reduced or eliminated by the loading
step and optimizing PVS2 exposure at 0°C (Sakai et al
1990). Not only PVS2 exposure at 0°C gives better rep-
lication of results, but also a broad range of optimum PVS2

exposure time offers the practical advantage of cryopreserving
larger numbers of explants in a day. This was also observed
for banana where optimal length of PVS2 treatment was
30 ~50 min at 0°C (Panis et al. 2005). According to our
results, 120 min can be proposed as the optimum PVS2
incubation time for rubber zygotic embryos as it is the
balanced time point of this plant material. Nevertheless,
certain toxicity could be attributed to LS and PVS2 so-
lutions. Toxicity to LS solution was specific to Hevea zygotic
embryos in which it provoked a significant decrease in
minimum recovery (Sam 1999). In the present study, it
was shown that the treated zygotic embryos by vitrification
method delayed by 20 days compared to encapsulate dehy-
drated ones with normal growth (Fig. 2). A similar obser-
vation was reported in Litchi (Xie et al. 2008).

Encapsulation-Dehydration

Distribution process is essentially part of succesful cryopres-
ervation programme. Naked isolated embryogenic axes
which normally used in cryopreservation studied on zygotic
germplasm are unsuitable for germplasm distribution. There-
fore, we reported here our initial investigations into devel-
oping suitible encapsulation-dehydration of Hevea zygotic
embryos. In most cases, sucrose pretreatment alone does
not dehydrate the samples to water contents sufficiently low
for them to withstand freezing and rewarming, and additional
physical or osmotic dehydration is required. The effect of
different desiccation method was assessed by measuring
survival rate and regrowth percentages of encapsulated

Table 2 The effect of two dehydration methods on the survival rate and regrowth percentages of the control (-LN) and cryopreserved
(+LN) zygotic embryos of the rubber tree treated with encapsulation dehydration protocol

M dbod | ime &y content 09 AN N

Survival rate (%) Regrowth (%) Survival rate (%) Regrowth (%)

silica gel 0 62.50+19.3 0 0 93.73+ 7.6 90.37+ 9.3%
3 33.00+17.6 0 0 89.15+15.8° 85.45+10.4°

6 19.12+ 8.6 0 0 85.80+12.6° 81.00+14.3%

9 1574+ 7.5 0 0 83.63+16.2% 79.73+ 9.7*

12 1232+ 5.5 0 0 75.87+£10.8° 71.37+12.5%

air dying 0 62.32+15.6 0 0 92.00+ 7.9° 89.45+ 9.2°

2 35.03+12.3 12.32+ 5.6° 7.08+2.3° 93.15+ 8.1° 90.55+7.6"

3 25.12+ 83 27.05+ 7.9° 16.85+6.3 90.65£12.6° 88.63%7.1°

4 15.54+ 4.5 37.50+10.6* 27.98+7.9% 89.75+10.9% 83.03+ 8.5°

5 12.05+ 7.6 32.03£12.3% 15.05+8.6" 87.63+ 7.9 85.72+ 9.1°

Values (mean values = SE) within the column of each parameter for each treatment followed by the same letter were not significantly

different based on the Duncan’s multiple range test (P<0.05)
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Fig. 3 A plantlet developed from an encapsulated-dehydration
by air drying at 4 hours after being cryopreserved in LN (-196°C)
at 10 days (A), 14 days (B), 21 days (C) after plating and whole
plant development (D). Bar presents 1 cm

zygotic embryos after cryopreservation.

Survival rate of cryopreserved zygotic embryos was
depending on the moisture content. The maximum survival
rate and regrowth percentage could be achieved only when
the moisture content of embryos was reduced to =15%
which dehydrated in the laminar air flow cabinet. The optimal
dehydration times for encapsulated zygotic embryos were
4 h which gave the highest survival rate at 37.50% and
regrowth percentages at 27.98% (Table 2). After cryo-
preserved, encapsulated zygotic embryos showed normal
growth as shown in Figure 3. It was noticed that encap-
sulated zygotic embryos showed a relatively lower viability
in comparison to naked zygotic embryos. The results obtained
in this observation corroborated with the result from Normah
et al. (1986). The survival rate and regrowth percentages
of encapsulated zygotic embryos might be effect by the
alginate bead. Since encapsulated zygotic embryos that not
cryopreserved could not germinate well indicating that
encapsulation matrix has inhibiting effect on the regrowth.
Moreover, selecting zygotic embryos at the right devel-
opmental stage is critical importance for successful of
Hevea cryopreservation experiment. Current study demonstrated
that the moisture content of Hevea zygotic embryos after
desiccation for 4 h and before immerse into LN was about
15%. The optimum moisture content for plant germplasm
before expose to LN is normally about 20% (Reed et al.
2006) However, once a protocol is chosen, some critical
points can be adjusted to improve the plant response.

Conclusion

Zygotic embryos plays a key role in Hevea propagation
and germplasm conservation programmes, as it is the only
method ensuring large scale multiplication of elite clones.
With this study, we clearly demonstrate that rubber tree
zygotic embryo can be successfully cryopreserved using

the vitrification method. Attention should be therefore given
to all stages of cryopreservation procedure, since apparently
minor modification can improve survival dramatically. A
high tolerance to PVS2 in terms of survival and recovery
was observed in Hevea zygotic embryos as incubation
periods up to 120 min had little or no influence on these
parameters. Cryopreserved storage of zygotic embryos
produced from an increasing number of Hevea clones, to
complement the traditional conservation of whole plants in
field collection, should play a progressively more important
role to ensure the safe and cost effective long term
conservation of Hevea genetic resources.
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