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Summary
The aim of the present research work was to develop a protocol to preserve Chinese wild grape by slow
growth conservation. Spectacular success was achieved
in preserving shoot apices of Vitis heyneana under slow
growth conditions. The optimized nutrient formulation
to maintain slow growth of cultures was Murashige and
Skoog (MS) media contained 5 g∙L-1 agar, 0.05 mg∙L-1
indole-3-butyric acid (IBA) and 0.1 mg∙L-1 indole acetic
acid (IAA) and 0.5 mg∙L-1 abscisic acid (ABA). The best
osmotic adjustment of nutrient medium was achieved
by employing 10 g∙L-1 mannitol where 47.78 % cultures
could be conserved up to 12 months without any subculture. Among different combination of air breathable
film area (ABFA), light intensity and chlorocholine
chloride (CCC) concentration, used for increasing the
subculture period, 19.63 mm2 ABFA with 5.0 g∙L-1 CCC
cultured under lower light intensity suited best for slow
growth conservation with 48.00 % microplants were
able to survive 10 months without subculture. Further
tests showed that the CCC had a negative effect to grape
conservation. Cultures responded better when incubated at 10 °C compared with the control (25 °C). Our
study also found that the combination of factors were
also more beneficial to grape conservation than that of
a single factor. 100 % survived shoots by slow growth
conservation could regenerate to normal plantlets and
transplant successfully. Transplanting plantlets showed
no obvious difference in morphology with the control
and the maternal parent in the field.
K e y w o r d s : Basal media, Culture conditions, Growth
retardants, Osmotic agents, Slow growth conservation, Vitis.

Introduction
Among the Vitaceae family, only grapevine (Vitis spp.)
is one of the most important fruit crops in the world. Species of European (V. vinifera L.) origins stand out for its
high economic value in two markets: table grape and wine
production (HE 1999, SILVA et al. 2012). However, global
grape production has encountered problems, mainly related
to the occurrence of diseases and pests, which are causing
a gradual decline in the productive vitality of the plants
(SKIADA et al. 2009). Consequently, some species are being

included in germplasm banks to maintain the genetic diversity necessary for plant breeding programs (SCHUCK et al.
2011). China is one of the major gene centers of Vitis-species origination. More than 38 Vitis-species have their origin in China (HE 1999, KONG 2004). China is a vast country
with complex geographical environments, greatly differing
in climate, soil and topography (WAN et al. 2008b). Under
these conditions, there are many plant species which are
abundant in Vitis-germplasm resources (WAN et al. 2008a,
PAN et al. 2010). Chinese wild grape species have enormous economic potential, such as desirable disease resistance, drought tolerance and cold hardiness genes (LI et al.
2008, WAN et al. 2008a, b and c). This genetic diversity
can provide options to develop new and more productive
grape cultivars through selection and breeding resistant to
biological and environmental stresses (LIU et al. 2012).
The genetic diversity of perennial plants, including
grapevines, is usually sampled and maintained as live
plants in field gene banks (LEÃO and MOTOIKE 2011, SANTANA et al. 2008). These in situ collections are constantly in
danger of being lost by exposure to environmental adversity, pest attacks, propagation issues, and frequent budget
constraints, not to mention their potential to spread pests
and diseases, which are important barriers to germplasm
exchange (ENGELMANN 2011). Biotechnological strategies,
based on concepts of in vitro plant cell, tissue and organ
culture have been developed as an alternative and additional value in response to the problems related to the conservation of plant germplasm in the field (ENGELMANN 2011,
VASANTH and VIVIER 2011). These techniques also have the
potential to overcome some of the limitations inherent to
conventional methods of conservation ex situ, and to facilitate the exchange of pest-free germplasm with other
research institutions (RAY and BHATTACHARYA 2010). They
have been used for storage of grape germplasm (V. vinifera) in many ways such as storage at low temperature or
growth retardation with the help of osmotic compounds for
conservation on short term and medium term basis (SILVA
et al. 2012), whereas cryopreservation has been in practice
for long term storage of germplasm (VASANTH and VIVIER
2011). But the preservation effects were different in different species and cultivars, the different genotypes had different requirement in storage conditions (DU et al. 2012).
Right now, studies on Chinese wild grapes (V. heyneana
Roem. & Schult) in vitro maintenance is virtually non-existent in the literature. In this paper, the optimum nutrient
formulation, including MS content, the concentration of
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sucrose, mannitol, CCC and ABA were selected to conserve V. heyneana. The effects of culture conditions such
as temperature, light intensity and air breathable film area
(ABFA) on shoots survival rate were investigated.
Material and Methods
Establishment of in vitro regene r a t i o n s y s t e m : One accession of Vitis heyneana
‘Huaxi-9’ was used for the experiment, which was collected from the southwest areas of China and established at
the field gene bank in the Guizhou University. The annual
shoots were collected from April to June, cut into small
pieces about 5 cm in length and rinsed with tap water for
40 min, then surface-sterilized for 30 s in 70 % (v/v) alcohol, immersed in 0.1 % (v/v) HgCl2 for 15 min, washed
three times with sterile water in the clean bench. Single
nodes of about 1 cm were inoculated on MS medium, supplemented with 30 g∙L-1 sucrose, 5.0 g∙L-1 agar, 3.0 mg∙L-1
6-benzylaminopurine (6-BA) and 0.01 mg∙L-1 indole-3-butyric acid (IBA) in PC culture flask (ZP5-330), 57 mm ×
36 mm × 34 mm. The pH value of the medium was about
5.8. The bottle was wrapped in a polyethylene film. The
single nodes were cultured at 25 ± 1 °C with 12 h day light
at an intensity of 40 µmol∙m-2∙s-1. After four weeks, regenerated cluster axillary buds were excised and given various
treatments in PC culture flasks containing 50 mL medium
for in vitro conservation.
Experimental Design
Experiment 1 - Effects of basal media and osmotic agents on conservation
o f V. h e y n e a n a : Cluster axillary buds obtained
from previous tests were used as explants for conservation.
Axillary buds of ‘Huaxi-9’ whose length were about 1 cm
were cultured on MS, ½ MS or ¼ MS medium with 5.0
g∙L-1 agar, 0.05 mg∙L-1 IBA and 0.1 mg∙L-1 indole acetic
acid (IAA). Four concentrations of sucrose (40, 50, 60 and
70 g∙L-1) or five concentrations of mannitol (10, 20, 30, 40
and 50 g∙L-1) were tested as the osmotic adjustment in the
media. Control explants were propagated on ½ MS medium with 30 g∙L-1 sucrose. Each PC culture flask containing 50 mL of medium was inoculated with three axillary
buds. A total of 54 plantlets were used for each treatment
with six replications. These were incubated under a 16 h
photoperiod with cool white fluorescent lamps (approx.
40 µmol∙m-2∙s-1 light intensity) at 25 ± 1 °C. The survival
rate was recorded after cultured 4, 6, 8, 10 and 12 months
of conservation, respectively.
Experiment 2 - Effects of combinat i o n s o f l i g h t i n t e n s i t y, a i r b r e a t h a b l e
f i l m a r e a ( A B FA ) a n d c h l o r o c h o l i n e
chloride (CCC) concentration on cons e r v a t i o n o f V. h e y n e a n a : The same explants
as in experiment 1 were cultured on ½ MS medium supplemented with 30 g∙L-1 sucrose, 5.0 g∙L-1 agar, 0.05 mg∙L-1
IBA and 0.1 mg∙L-1 IAA. The combination of air breathable
film area (ABFA), light intensity and chlorocholine chlo-

ride (CCC) concentration was designed in an orthogonal
experiment (L9 (33)) and showed in Tab. 1. In this experiment, the ABFA was regulated by the capsule and sealing
film whose ABFA was 113.10 mm2. The capsule consists
of two layers, there are five holes in one layer, the diameter
of each hole is 5 mm, the other layer can be rotated up to
five hole fully open or open any of several. In the basis
of orthogonal experiment, the single factor tests of ABFA
(19.63, one hole opened; 58.90, three holes opened; 98.15,
five holes opened and 113.10 mm2 (no capsule, control))
and CCC (5, 10, 20 and 0 mg∙L-1 (control)) were conducted
to verify the effect of ABFA and CCC. The culture conditions were the same as experiment 1. 54 plantlets were
used for each treatment with six replications. The survival
rate was recorded after 4, 6, 8, 10 and 12 months of conservation, respectively.
Ta b l e 1
Orthogonal experimental design of light,
ABFA and CCC
Code
1
2
3
4
5
6
7
8
9

ABFA
(mm2)
19.63 (1)
19.63 (1)
19.63 (1)
58.90 (2)
58.90 (2)
58.90 (2)
98.15 (3)
98.15 (3)
98.15 (3)

Light
(µmol·m-2·s-1)
10 (1)
20 (2)
30 (3)
10 (1)
20 (2)
30 (3)
10 (1)
20 (2)
30 (3)

CCC
(g·L-1)
5 (1)
10 (2)
20 (3)
10 (2)
20 (3)
5 (1)
20 (3)
5 (1)
10 (2)

Experiment 3 - Effects of combinations of temperature and abscisic acid
( A B A ) o n c o n s e r v a t i o n o f V. h e y n e a n a :
In order to study the effect of combinations of temperature
and abscisic acid (ABA), cluster axillary buds of ‘Huaxi9’ whose length were about 1 cm were cultured on ½ MS
medium with 30.0 g∙L-1 sucrose, 5.0 g∙L-1 agar, 0.05 mg∙L-1
IBA, 0.1 mg∙L-1 IAA and four different concentrations of
ABA (0.5, 1.0, 2.0 and 3.0 mg∙L-1). The material was divided into two groups cultured on the same media. One
group was placed at 25 °C (12 h/d, 40 µmol∙m-2∙s-1). The
other group was placed at 10 °C (12 h/d, 40 µmol∙m-2∙s-1)
for conservation. The treatments were listed in Tab. 5.
54 plantlets were used for each treatment with six replications. The survival rate was recorded after cultured 6, 8, 10
and 12 months of conservation.
G r o w t h a f t e r s t o r a g e : Initially MS medium
with 2.0 mg∙L-1 BA and 0.1 mg∙L-1 IAA was used for recovery culture. The survived shoots were subcultured on
½ MS medium supplemented with 0.15 mg∙L-1 IBA and
0.1 mg∙L-1 IAA for rooting. The culture conditions were
the same as those in the establishment of in vitro regeneration system. The rooting tube plantlets were transplanted
into the field according to PAN et al. (2004) and used to test
morphological stability.

In vitro conservation of native Chinese wild grape
S t a t i s t i c a l a n a l y s i s : Statistical analysis of
the results was carried out according to Duncan’s multiple range tests using SAS statistical software (edition).
Data were analyzed using one-way ANOVA tests. Differences were considered significant at P < 0.05, P < 0.01 or
P < 0.001. The data presented in tables or figures are mean
values of three replicates ± SD.
Results
The effects of basal media and sucrose concentrations on the preservat i o n : The effect of various media with different concentrations of sucrose on the conservation of ‘Huaxi-9’ was
presented in Tab. 2. After 4 months of conservation, microplant survival rate in various media ranged from 43.33 %
to 100 %, and decreased to 0-46.67 % after 10 months
of conservation. After 10 months of conservation, survived plantlets could be observed only at 40 g∙L-1 sucrose
(Tab. 2). The lowest survival rate at all the storage periods
was recorded when microplants were cultured on ¼ MS
medium containing 70 g∙L-1 sucrose, and the highest was
on MS medium with 40 g∙L-1 sucrose. When plantlets were
cultured on the same basic media (½ MS), the sucrose concentrations had significant influences on the grape plantlets survival, the highest survival rate was observed in the
40 g∙L-1 sucrose. The decrease of mineral elements (½ MS
and ¼ MS) and/or the addition of high sucrose concentrations (50 to 70 g∙L-1) had an obvious negative effect on
the microplant survival. The analysis of variance showed
that the basic media, and sucrose concentrations as well as
the interaction of two factors had highly significant effect
(p < 0.001) on survival percentage at all storage periods.
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Among the two factors and their interactions (media and
sucrose concentrations), the sucrose concentrations had the
highest effect on the microplant survival rate except storage after 4 months.
The effects of basal media and mannitol concentrations on the preservation:
As shown in Tab. 3, the influences of various media with
different concentrations of mannitol on the conservation
of ‘Huaxi-9’ were different. When the mannitol concentration increased from 10 g∙L-1 to 50 g∙L-1, the survival rate
reduced from 100 % to 94.44 %, 100 % to 75.50 %, 85.56
% to 22.41 %, 78.44 % to 0 %, 47.78 % to 0 % with MS
media after storage of 4, 6, 8, 10 and 12 months, respectively. The mannitol concentrations in other basal media
treatments also had similar effects. Compared to the MS
media, reduction of mineral elements content (½ MS, ¼
MS) had also an obvious restraint effect on the survival
rate of grape. This result was the same as the effect of sucrose (Tab. 2). MS medium with 10 g∙L-1 mannitol was the
optimal medium for ‘Huaxi-9’ conservation at each storage period. It was better than all other media including the
control medium (½ MS + 30 g∙L-1 sucrose) (Tab. 3). Microplant condition degraded dramatically after 8 months
of storage. After 12 months of storage, more than 50 % of
the plantlets had turned yellow and dead even on the best
treatment. But the effect of mannitol was better than that of
sucrose (Tab. 2) because cultures grown in mannitol could
be stored longer than those maintained on sucrose. After
the same storage period, the survival rate was higher on
mannitol than those on sucrose. The analysis of variance
showed highly significant differences (p < 0.001) among
the basic media, mannitol concentrations and interaction of
two factors for survival percentage at all storage periods.
Among the two factors and their interactions (media and

Ta b l e 2
Microplant survival on various media with four sucrose concentrations after different periods of storage
Media with sucrose
MS + 40 g·L-1 sucrose
MS + 50 g·L-1 sucrose
MS + 60 g·L-1 sucrose
MS + 70 g·L-1 sucrose
½ MS + 40 g·L-1 sucrose
½ MS + 50 g·L-1 sucrose
½ MS + 60 g·L-1 sucrose
½ MS + 70 g·L-1 sucrose
¼ MS + 40 g·L-1 sucrose
¼ MS + 50 g·L-1 sucrose
¼ MS + 60 g·L-1 sucrose
¼ MS + 70 g·L-1 sucrose
½ MS + 30 g·L-1 sucrose (CK)
FMedia
Fsucrose
FMedia × sucrose

4 Months
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0Aa
100 ± 0 Aa
94.44 ± 3.140 Ab
100 ± 0 Aa
100 ± 0 Aa
66.67 ± 4.71 Cd
43.33 ± 2.72 De
80.25 ± 3.78 Bc
386.66***
182.45***
143.95***

Microplant survival (%) after
6 Months
8 Months
70.33 ± 1.79 Cc
66.67 ± 3.60 Aa
61.67 ± 2.36 Dd
43.33 ± 4.08 Cc
31.00 ± 1.65 Fg
0 Ee
10.67 ± 0.94 Ij
0 Ee
80.33 ± 0.47 Bb
56.67 ± 2.36 Bb
34.33 ± 0.72 Ff
0 Ee
24.33 ± 0.94 Gh
0 Ee
21.11 ± 1.57 GHi
0 Ee
86.33 ± 1.89 Aa
43.33 ± 4.08 Cc
40.67 ± 0.94 Ee
16.67 ± 2.36 Dd
31.33 ± 1.43 Fg
0 Ee
19.67 ± 0.47 Hi
0 Ee
20 ± 1.63 Hi
0 Ee
22.52***
96.85***
2243.97***
878.30***
***
102.01
56.27***

10 Months
46.67 ± 1.25 Aa
0 Ee
0 Ee
0 Ee
33.33 ± 2.72 Bb
0 Ee
0 Ee
0 Ee
21.11 ± 2.83 Cc
0 Ee
0 Ee
0 Ee
0 Ee
57.66***
1202.65***
57.66***

The values are mean ± SD (n = 6); different lower-case and capital letters in the same column represent the significant
difference at p < 0.05 and p < 0.01 respectively. *** represent the significant difference at p < 0.001.
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Ta b l e 3
Microplant survival on various media with five mannitol concentrations after different periods of storage
Media with mannitol
½ MS + 30 g·L-1 sucrose (CK)
MS + 10 g·L-1 mannitol
MS + 20 g·L-1 mannitol
MS + 30 g·L-1 mannitol
MS + 40 g·L-1 mannitol
MS + 50 g·L-1 mannitol
½ MS + 10 g·L-1 mannitol
½ MS + 20 g·L-1 mannitol
½ MS + 30 g·L-1 mannitol
½ MS + 40 g·L-1 mannitol
½ MS + 50 g·L-1 mannitol
¼ MS + 10 g·L-1 mannitol
¼ MS + 20 g·L-1 mannitol
¼ MS + 30 g·L-1 mannitol
¼ MS + 40 g·L-1 mannitol
¼ MS + 50 g·L-1 mannitol
FMedia
Fmannitol
FMedia × mannitol

4 Months
80.25 ± 3.78 Dd
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
94.44 ± 1.57 Bb
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
89.86 ± 3.24 Cc
11.91**
37.95***
11.91***

Microplant survival (%) after
6 Months
8 Months
10 Months
20.00 ± 1.63 Hh 0 Ij
0 Hh
100 ± 0 Aa
85.56 ± 1.57 Aa
78.44 ± 1.37 Aa
100 ± 0 Aa
74.76 ± 2.70 Bb
48.89 ± 0.79 Cc
100 ± 0 Aa
37.96 ± 1.65 Eg
26.67 ± 1.87 Ff
93.33 ± 2.72 Bb 22.41 ± 1.75 FGHi 15.00 ± 1.36 Gg
75.50 ± 2.01 Dd 26.56 ± 1.75 FGh
0 Hh
100 ± 0 Aa
81.75 ± 1.37 Aa
66.67 ± 7.20 Bb
100 ± 0 Aa
66.56 ± 0.81 Cc
33.33 ± 0 Ee
100 ± 0 Aa
50.17 ± 1.62 Df
0 Hh
94.44 ± 1.57 Bb 27.43 ± 2.69 Fh
0 Hh
93.33 ± 0.38 Bb 21.37 ± 1.10 GHi
0 Hh
91.11 ± 1.57 Bb 61.37 ± 1.42 Cd
41.67 ± 1.25 Dd
83.33 ± 2.97 Cc 55.19 ± 3.56 De
25.00 ± 1.36 Ff
66.67 ± 2.72 Ee 34.11 ± 1.48 Eg
0 Hh
43.33 ± 2.36 Ff
27.22 ± 2.98 Fh
0 Hh
28.22 ± 2.51 Gg 20.63 ± 0.59 Hi
0 Hh
1239.83***
81.53***
505.54***
344.83***
876.06***
657.82***
***
***
105.14
25.23
147.52***

12 Months
0 Ff
47.78 ± 1.57 Aa
20.33 ± 2.32 Cc
0 Ff
0 Ff
0 Ff
31.11 ± 1.57 Bb
6.67 ± 0 Ee
0 Ff
0 Ff
0 Ff
13.33 ± 2.36 Dd
0 Ff
0 Ff
0 Ff
0 Ff
284.57***
1006.27***
119.76***

The values are mean ± SD (n = 6); different lower-case and capital letters in the same column represent the significant difference at
p < 0.05 and p < 0.01, respectively. **and *** represent the significant difference at p < 0.01 and p < 0.001, respectively.

mannitol concentrations), the mannitol concentrations had
the highest effect on the microplant survival rate except
storage after 6 months.
The effects of combinations of light
i n t e n s i t y,
air
breathable
film
area
( A B FA )
and
chlorocholine
chloride
(CCC) concentration on conservation of
V. h e y n e a n a : There were remarkable differences in
Vitis preservation between different combination of air
breathable film area (ABFA), light intensity and chlorocholine chloride (CCC) concentration (Tab. 4). The lowest ABFA (19.68 mm2) had an apparent positive effect on
preservation in vitro. Moreover, the lowest ABFA combined with 10 µmol∙m-2∙s-1 light and 0.5 g∙L-1 CCC was the
best preservation method in all combinations after storage
of 8 to 12 months. The survival rate was obviously higher
compared to the other combinations (p < 0.05). The Duncan
test showed significant differences among different ABFAtreatments (p < 0.001) and different CCC concentrations
(except a storage of 6 months, p < 0.001 or p < 0.01) for
the survival percentage at all storage periods. However, a
negative concentration effect of CCC was observed on the
survival rate of ‘Huaxi-9’ (Tab. 4, Figure, B). The effect
of light on grape survival was different at different storage
periods. The significant effect was presented only at the
8 months storage (p < 0.001) and 12 months (p < 0.01),
different light treatments showed no obvious difference in
survival rate after 6 months and 10 months of storage. The
results of ABFA or CCC single factor test were shown in
the Figure. Compared with the control (113.10 mm2), decline of ABFA proved to be very effective in slow growth
conservation strategy because it enhanced survival rate af-

ter storage (Figure, A). But addition of CCC decreased the
survival rate with any concentrations, as the survival rate
decreased obviously from 0 (control) to 20 g∙L-1 CCC at all
storage periods (Figure, B).
The effects of temperature and abscisic acid (ABA) concentrations on the
p r e s e r v a t i o n : Compared to control (25 °C + 0 mg∙L-1
ABA), addition of ABA had an apparent effect on survival rate at both temperature treatments after 4 months
to 10 months of storage (Tab. 5). After 4 months storage,
there were no apparent changes in the survival rate among
all treatments except for control, however, a remarkable
difference was found among every treatment as the storage time was extended from 6 months to 10 months. The
preservation effect was more significant on the medium
with 0.5 mg∙L-1 ABA and increasing concentration of ABA
reduced the survival rate of ‘Huaxi-9’. Compared with the
conservation at 25 °C, the survival rate of microplants at
10 °C was significantly higher (Tab. 5). Variance analysis
showed that the effects of different ABA concentration
were significant at all storage periods. However, the effects
of temperature treatments and the interactions of two factors were not similar to that of ABA after storage (Tab. 5).
The effect of temperature was obvious only at 6 and 8
months of storage. When prolonging the storage time to
10 months, there were no significant differences between
two temperature treatments. During storage period, the effect of interactions of ABA and temperature did not exist
at 4 and 6 months (p > 0.05), then changed to be notable
at 8 months (p < 0.001) and reduced again at 10 months
of storage (p < 0.05). Growth after storage: As shown in
Tab. 6, despite the conservation treatments had effects
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Ta b l e 4
Microplant survival on various media with five mannitol concentrations after different periods of storage

Code
1
2
3
4
5
6
7
8
9

Treatment
ABFA
Light
1
1
1
2
1
3
2
1
2
2
2
3
3
1
3
2
3
3
Ffilm
Flight
Fccc

CCC
1
2
3
2
3
1
3
1
2

6 Months
96.67 ± 3.06 ABa
97.67 ± 2.08 Aa
99.00 ± 1.73 Aa
90.00 ± 3.00 BCb
88.00 ± 4.36 Cb
85.00 ± 3.46 Cb
70.00 ± 2.00 Dc
73.00 ± 2.00 Dc
75.00 ± 3.00 Dc
147.72***
0.16 ns
1.74ns

Microplant survival (%) after
8 Months
10 Months
77.78 ± 2.55 Aa
48.00 ± 4.58 Aa
75.22 ± 4.52 Aab 45.00 ± 4.00 ABa
70.00 ± 2.00 Ab
40.00 ± 3.00 BCb
41.22 ± 1.58 De
16.67 ± 2.08 De
50.89 ± 2.59 Cd
19.89 ± 0.84 Dde
59.78 ± 4.22 Bc
33.33 ± 2.88 Cc
25.44 ± 2.37 Ef
20.00 ± 2.00 Dde
42.22 ± 2.55 De
23.33 ± 2.89 Dd
30.56 ± 7.19 Ef
6.67 ± 1.53 Ef
288.56***
81.93***
10.89***
0.74 ns
26.93***
15.03***

12 Months
16.67 ± 1.53 Aa
12.44 ± 2.37 Bb
6.67 ± 2.51 Cc
0 Dd
0 Dd
0 Dd
0 Dd
0 Dd
0 Dd
108.10***
6.39**
6.39**

The values are mean ± SD (n = 6); different lower-case and capital letters in the same column represent the significant
difference at p < 0.05 and p < 0.01, respectively. Ns, **and *** represent no significance, significant difference at
p < 0.01 and p < 0.001, respectively.

Figure: The effect of ABFA (A) and CCC concentrations (B) on the conservation of V. heyneana. Different letters (a, b, c and d) on top
of error bars represent significant differences at p < 0.05 according to Duncan’s multiple range tests. Vertical error bars represent SD
(n = 6).
Ta b l e 5
Effect of different ABA concentrations on microplant survival after different periods conserved at 25 °C and 10 °C
Treatment
10 °C + 0.50 mg·L-1 ABA
10 °C + 1.00 mg·L-1 ABA
10 °C + 2.00 mg·L-1 ABA
10 °C +3.00 mg·L-1 ABA
25 °C + 0.50 mg·L-1 ABA
25 °C + 1.00 mg·L-1 ABA
25 °C + 2.00 mg·L-1 ABA
25 °C +3.0 0mg·L-1 ABA
25 °C +0 mg·L-1 ABA (Control)
FTemperature
FABA
FTemperature×ABA

4 Months
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
100 ± 0 Aa
80.25 ± 3.78 Bb
—
—
—

Microplant survival (%) after
6 Months
8 Months
89.12 ± 3.46 Aa
76.62 ± 1.29 Aa
85.00 ± 4.58 ABab 65.00 ± 1.33 Bb
80.00 ± 4.41 BCbc 65.00 ± 1.15 Bb
76.67 ± 1.86 CDc
60.00 ± 1.33 Cc
80.00 ± 2.88 BCbc 61.00 ± 1.73 Cc
76.67 ± 1.63 CDc
59.33 ± 1.54 Cc
70.00 ± 1.82 Dd
60.33 ± 1.34 Cc
70.00 ± 2.72 Dd
60.33 ± 1.53 Cc
20.00 ± 1.63 Ee
0 Dd
45.02***
123.28***
***
16.73
41.77***
ns
0.31
33.43***

10 Months
26.33 ± 1.53 Aa
20.67 ± 1.15 Bbc
16.67 ± 2.33 CDd
16.67 ± 1.91 CDd
23.00 ± 1.20 ABb
19.67 ± 1.96 BCc
20.33 ± 1.21 BCbc
15.67 ± 1.15 Dd
0 Ee
0.40 ns
29.73***
4.97*

The values are mean ± SD (n = 6); different lower-case and capital letters in the same column represent the significant
difference at p < 0.05 and p < 0.01, respectively. Ns, * and *** represent no significance, significant difference at
p < 0.05 and p < 0.001, respectively.
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on the recovery growth, for example, the plant height on
sucrose was shorter than the control, all surviving grape
plantlets which had conserved in different media with different osmotic agents could turn to normal plantlets after
regeneration. The regenerated plantlets showed no obvious
difference in morphology compared with the control and
maternal parent in the field (Tab. 6). The mean transplanted
percentage after storage was 100 % for V. heyneana. Similar effects were obtained in survival plantlets after another
treatment (data no shown).
Discussion
One advantage of slow growth conservation is that
slow growth does not require frequent subculture. Another
advantage of slow growth conservation is after prolonged
period of conservation, the culture can easily be retrieved
for production of new plants with full genetic integrity
(AHMAD et al. 2011). Slow growth is generally achieved
by adding osmotic agents in the form of varying concentrations of sucrose, sorbitol and mannitol (GONÇALVES and
ROMANO 2007, LATA et al. 2010, SCHERWINSKI-PEREIRA et al.
2010). Due to the addition of osmotic agents in culture
media, there is a significant increase in the storage period of in vitro tissues (SHARAF et al. 2012).To prolong the
period of slow growth conservation, a set of experiments
was planned by adjusting content of mineral elements and
by adding osmotic agents in culture media. The objective
was to improve plantlet survival rate and to prolong the
subculture period. Number of plantlets increased first and
decreased significantly with the increase of sucrose concentration, and a lower content of mineral elements also
reduced the survival rate of ‘Huaxi-9’. The maximum survival rates of 46.67 %, 33.33 % and 21.11 % were obtained
after 10 months storage on MS, ½ MS and ¼ MS media,
each supplemented with 40 g∙L-1 sucrose (Tab. 2) and the
plantlets after conservation could be retrieved (Tab. 6).
A complete survival could be obtained only when microshoots of V. heyneana were cultured on the medium with
40 g∙L-1 sucrose conserved for 4 months. It has already been
reported that sucrose in high doses exhibited detrimental
effect on general condition of plant due to osmotic stress
(WITHERS 1991). Using mannitol as an osmotic agent, the
storage time of ‘Huaxi-9’ could be significantly extended
or the number of microshoots be raised at the same stor-

age period, when compared with sucrose as osmotic agent
(Tabs 2 and 3). The survival rate of plantlets was significantly reduced when the culture period was extended. The
mortality of shoot tips was increased with an increase of
mannitol concentration and with an increase of culture period up to 12 months. The maximum survival rate (47.78
%) after storage of 12 months was obtained on MS medium with 10 g∙L-1 mannitol (Tab. 3). Higher concentration mannitol also increased deterioration of microshoots
and complete necrosis. Similar results were also reported
on plantlets of Artemisia herba-alba (SHARAF et al. 2012)
and Glycyrrhiza glabra (ASTAVA et al. 2013) when conserved via slow growth culture. Some other reports also
supported that osmotic agent reduced growth of in vitro
grown cultures (BAJAJ 1995, MONTALVO-PENICHE 2007, DU
et al. 2012).
For developing slow growth cultures, various growth
regulators, such as abscisic acid (ABA), uniconazole and
chlorocholine chloride (CCC), were used to inhibit the
plants growth in vitro conservation (DU et al. 2012, SRIVASTAVA et al. 2013). It has been shown that ABA plays an
important role in growth, cell division and cell elongation
in plants (SWAMI and SMITH 1999). ABA also could alter the
carbohydrate metabolism of plant cells (SHIBLI et al. 2006,
SILVA and SCHERWINSKI-PEREIRA 2011) and significantly
decrease growth of shoots in media when compared with
controls (DU et al. 2012, KEATMETHA 2006, SRIVASTAVA
et al. 2013). Some researchers reported that CCC was also
responsible for inhibiting plant growth and could be used
for slow growth conservation (GUNNING and LAGERSTEDT
1985, LI et al. 1992). In our study, compared with control
(0 mg∙L-1 ABA), addition of 0.5-3.0 mg∙L-1 ABA in media
could improve the grape survival rate, and the low concentration of ABA (0.5 mg∙L-1) proved to be the most beneficial, as 26.33 % (10 °C) and 23.00 % (25 °C) shoot tips
remained green up to 10 months of conservation (Tab. 5).
On the contrary, compared to the control, more shoots died
when the CCC was supplied in media (Figure, B). So we
could consider that the CCC promoted the plantlets growth
and accelerated plants death in preservation progress. CHEN
et al. (2006) had also reported that the CCC had no significant effect on Lily slow growth conservation.
The culture conditions, such as temperature, light intensity and oxygen concentration in the culture vessels,
also played an important role in developing slow growth
conservation (CHEN et al. 2006, DU et al. 2012, ENGELMANN

Ta b l e 6
Growth of the 'Huaxi-9' recovery culture for 40 d after 10 months of conservation in different media with different osmotic agent
Treatment
MS + 40 g·L sucrose
½ MS + 40 g·L-1 sucrose
MS + 10 g·L-1 mannitol
½ MS + 10 g·L-1 mannitol
½ MS + 30 g·L-1 sucrose (CK)
-1

Plant height
(cm)
4.50 ± 0.50 b
4.67 ± 0.34 b
6.24 ± 0.55 a
5.88 ± 0.84 a
5.22 ± 0.63 ab

Bud
proliferation
6.33 ± 0.38 ab
5.96 ± 0.51 b
6.77 ± 0.48 ab
7.56 ± 0.51 a
7.33 ± 0.58 a

Number of
roots
2.33 ± 0.29 a
2.67 ± 0.58 a
2.64 ± 0.38 a
2.67 ± 0.58 a
2.33 ± 0.58 a

Number of
leaves
7.75 ± 0.46 a
7.47 ± 0.50 ab
6.86 ± 0.55 abc
6.67 ± 0.58 bc
6.33 ± 0 c

Leaf shape

Leaf color

Heat-shaped
Heat-shaped
Heat-shaped
Heat-shaped
Heat-shaped

Light green
Light green
Green
Green
Green

The values are mean ± SD (n = 6); different lower-case letters in the same column represent the significant difference at p < 0.05.
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2011). Previously, MORIGUCHI et al. (1988) has reported that
mineral oil could be used for grape callus storage and plant
regeneration by preventing the callus cultures from coming directly in contact with oxygen. In our test, the oxygen
concentration in the culture vessel was regulated by changing breathable area of sealing film. The results showed that
lower breathable area obviously increased the grape survival rate (Tab. 4 and Figure, A). 91 % ‘Huaxi-9’ could be
conserved for more than 8 months only by regulating the
permeable area to19.63 mm2, though some plantlets died
during storage. These results suggested that this method
was an excellent method of regulating oxygen pressure for
plant conservation by slow growth.
Decline of incubation temperature also proved to be
very effective in slow growth conservation strategy because it enhanced subculture period (DIVAKARAN et al.
2006, ENGELMANN 2011). The culture temperature was optimized by keeping the cultures at two different temperatures (10 °C and 25 °C), where cultures survived and responded well at 10 °C (Tab. 5). These observations were
made on the basis of visual morphological changes and microplant survival. Although, the shoots incubated at such
a low temperature of 10 °C turned yellowish in color, leaf
size became very small but the shoot tips were quite fresh
and green, whereas the shoots incubated at higher temperatures had poor survival and needed frequent subculture
due to depletion of nutrients (SRIVASTAVA et al. 2013). The
analysis of variance showed highly significant differences
(p < 0.001) between the temperatures for survival percentage after 6 to 8 months storage at 10 °C (Tab. 5). It was
also possible to limit growth by changing light intensity,
mainly by lowering the light intensity (NIU et al. 2005).
Our study also demonstrated this conclusion. However, the
effect of light intensity was lower than those of CCC and
ABFA (Tab. 4) and the combination of factors were also
more beneficial to grape conservation than that of single
factor (Tab. 2 to Tab. 5). The same conclusions were also
reported by SRIVASTAVA et al. (2013) in Glycyrrhiza glabra
and by DU et al. (2012) in Lily.
Conclusion
In the present work, a spectacular success was achieved
in conserving shoot apices of V. heyneana ‘Huaxi-9’ under
slow growth conditions. It may be concluded that the promising conservation medium was the MS with 0.05 mg∙L-1
IBA, 0.1 mg∙L-1 IAA, 0.5 mg∙L-1 ABA, 5 g∙L-1 agar, 10 g∙L-1
mannitol and sealing film with 19.63 mm2 breathable area.
The optimum condition was at 10 °C and 10 µmol∙m-2∙s-1
light intensity for 12 h photoperiod a day which was suitable for medium-term preservation of V. heyneana germplasm resources.
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