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Abstract
In this study we aimed to identify new techniques for sparrow grass (Asparagus officinalis
L.) micropropagation and to increase plant biomass, quantitatively and qualitatively. The
objective was achieved by using deuterium depleted water (DDW), containing only 25 ppm
deuterium, and honey, in double-layer system practice vitro-cultures. Thus, 90 days after
the sparrow grass propaguls were cultivated on Murashige-Skoog medium (1962), solid,
with no growth regulators, over which was applied a liquid layer consist in DDW (V4),
rhysogenesis and caulogenesis processes were significantly stimulated, as well as applying
a mixture of honey 15 g/l and distilled water (V5) over the solid layer. Both to the single
and the double layer system, the honey and DDW combination (V3, respectively V6) caused
rhysogenesis process inhibition to 100%, but in case of double layer system the
caulogenesis was stimulated. Variants of culture medium in single-layer – in which distilled
water was replaced with DDW (V1) or in which sucrose was replaced with honey (30 g/l)
(V2) - are recommended to delay the growth of sparrow grass vitro-plantlets (vitroconservation).

INTRODUCTION
Deuterium depleted water (DDW) - produced by National Research and
Development Institute for Cryogenic Technologies from Râmnicu Vâlcea,
Romania had many uses in cancer therapy [22]. In time, research was performed
regarding their effect upon vegetal organisms, including the effect on phytoinoculum [3, 13, 17, 19, 21]. Somlyai and his colleagues [23] found that a
decreasing of the deuterium, from the content of the water used by animals,
influenced the cell metabolism till to the halt of the development and even
disappearance of the tumour cells. In this author’s opinion, the cells are able to
regulate deuterium (D)/hydrogen (H) ration and those changes in this rapport can
trigger certain molecular mechanism having a key role in cell circle regulation. It is
suppose that the concomitant increase of D/H ratio is the real trigger for the cells to
enter in the S phase of division [24]. The decreases of D level can interfere in the
signal transduction pathways thus leading to tumour regression. In the case of
transplantable tumours, low-deuterium water treatment lead to a significant
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inhibitory effect on the volume of all tumour patterns concerned: it delayed nodule
formation at transplantation site.
On the other hand, on plants, DDW was used as tracers to characterize whole-tree
water transport and storage properties in individual trees belonging to the
coniferous species and on five tropical tree species and a bamboo species [8].
DDW tracing method appears suitable for answering some questions, such as
relative differences in water use among trees, water redistribution among
neighbours and internal water transport and storage processes in plants [25]. Also,
the effects of combined soil physical stresses of compaction and drought on the
production of fully hydrated mucilage (mucilage) and root border cells (RBCs) in
maize was studied using deuterated water method [26].
DDW and double system layer for in vitro cultures are the solution that PetruşVancea and collaborators [16] found it to Coleus and Petunia vitroplantlets,
suffering by hyperhydricity. After 30 days of vitrocultures in double layer the
mentioned authors observed the following results: at the Coleus vitroplantlets a
new formation of healthy apexes, which were subcultivated on fresh medium and
finally the new regenerated vitroplantlets were ready for acclimatization, especially
to those lots which were treated with a 1.5% glucose solution, prepared with DDW
and to the Petunia vitroplantlets, the acclimatization surviving rate was 90% - 95%
to the lots treated with DDW and was zero to the vitroplantlets submersed in
distilled water (DW - control lot).
By replacing bidistilled water in the Murashige - Skoog (MS) [9] culture media,
with DDW (with 25 ppm D), even in the presence of 6-Benzylaminopurine (BA) in
2.5 mg/l 6 concentrations was achieved callusogenesis, an undesirable
phenomenon in some vitrocultures [15]. The presence of the DDW in this culture
medium has exercised a 100% inhibitory effect of the callusogenesis, determining
regeneration of vigorous and healthy plantlets.
As belonging, the genus Asparagus (Monocotyledonatae, Liliaceae family)
plantlets are susceptible in vitro to hyperhydricity, a phenomenon that significantly
decreases the quantity and quality of final plant mass obtained by
micropropagation, in the present experiments, we aimed to study a new procedure
for optimization this, by the double-layer culture system. Also, distillate water was
tested the replacement from culture medium composition of DW with DDW and/or
replacement of sucrose with honey (acacia honey). Procedures for replacing DW
with DDW in in vitro culture have already been patented [5], and research
regarding carbon source replacement from culture medium are numerous, but the
use of honey is less studied [10, 17]. The optimisation of Asparagus officinalis L.
micropropagation is a important objective of the research in this field, because, in
bioindustry, there is an high economic and commercial interest, especially for
megastores [6], and in the future, in bio-economic and eco-economic context, the
human need for food will be considerable higher [4, 7]. The in vitro conservation is
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an important method of germplasm conservation, as traditional conservation of
crop both plants of agricultural interest [1, 2, 20], as well as the medicinal [19].
MATERIAL AND METHODS
The plant material consisted of uniform asparagus propaguls (Asparagus officinalis
L.), which are in laboratory phyto-vitrobase, grown on basic medium (BM) MS,
solid, without growth regulators.
The culture medium used in these experiments was MS, modified by us, namely:
thiamine vitamins HCl, pyridoxine HCl and nicotinic acid, instead of 0.1 mg/l or
0.5 mg/l, as provided in the original recipe, were added to each 1 mg/l and aminoacids were removed; the solidification was achieved by 7 g/l agar-agar; culture
medium pH was adjusted to a value of 5.7 before its autoclaving.
The culture medium preparation was performed according to the following test:
Single-layer system:
V0 - BM-MS solid prepared with DW and sucrose 30 g/l (control);
V1 - BM-MS prepared with DDW and sucrose 30 g/l;
V2 - BM-MS prepared with DW and honey 30 g/l;
V3 - BM-MS prepared with DDW and honey 30 g/l.
Double-layer system:
V4 - BM-MS prepared with DW and 30 g/l sucrose + supernatant DDW;
V5 - BM-MS prepared with DW and sucrose 15 g/l + supernatant honey 15 g/l,
mixed with DW;
V6 - BM-MS prepared with DW and sucrose 15 g/l + supernatant honey 15 g/l,
mixed with DDW.
We were taken into account that to each experimental variant, the carbohydrate
content (regardless of its nature) to a total of 30 g/l, both for single layer and
double layer cultures.
Vitrocultures vessels consisted of glass jars, 7 cm height and 4 cm diameter, each
one with 20 ml of solid medium (first layer). The supernatant was 5 ml.
Incubation and growth was realised in growth chamber at 22°C ± 2°C, illuminated
with white fluorescent tubes, 16 h day length photoperiod of 24 h day light and
1700 l x intensity.
The biometrisation of plantlets growth indices were realised at 90 days after
inoculation and the dry weight were weighed after maintenance in aluminium foil,
in oven at 115°C, for 3 days. The dates obtained from measurements were
interpreted statistically by analysis of variance, also the statistical significance was
determined using one sample t test of statistical SPSS for Windows vs.16.0.
Software.
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RESULTS AND DISCUSSION
90 days after inoculation, the rhysogenesis of sparrow grass vitroplantlets was
absent to those vitroplantlets cultured on medium with honey and DDW mixture,
either to simple layer (V3) or at the supernatant (V6) (table 1). The same inhibitory
effect, exercised by DDW, was reported [13, 14] in case of watering, with this type
of water, at the base of chrysanthemum or African violets plantlets, throughout the
all period of acclimatization to the septic medium. Also the rhysogenesis, at the
Tradescantia minicuttings level, rooted in perlite as natural living conditions, was
inhibited by watering them with DDW, compared with DW [11].
In Cymbidium hybridum and Petunia vitroplantlets, grown on MS medium, in
single layer system, solid, with no growth regulators, the DDW took effect on
timing growth of phyto-inoculum, with an important role in preserving in vitro
cultures [12].
Growth index values, registered on type V1, were noted with statistically
insignificant, because this lot has huge losses by the lack of regeneration process at
the phyto-inoculum level, the deuterium depleted water, as an replacement of DW,
on solid layer, exerted a powerful inhibition effect of organogenesis. To previous
experiments were noticed light inhibition of in vitro Cymbidium organogenesis
[27], or to the chrysanthemums and African violets plantlets [17], grown on culture
media in which the sucrose was replaced with acacia honey, 20 g/l, but, when the
plantlets (species regardless) were transferred to septic medium, the survival of the
lot grown in vitro on medium with honey, was superior to that from the medium
whose carbon source was sucrose.
Instead, caulogenesis, expressed by the total number of propaguls, was very high
on double layer cultures medium (V4 - V6), especially to the vitroplantlets grown
on culture medium prepared with DW and 30g/l sucrose, as the first layer, over
which the DDW supernatant was applied (V4) (Table 1). Additionally, the lots
cultured in the double layer system (V4-V6) were also reported propaguls with
larger sizes, up 3.4 cm.
Directly proportional with the organogenesis, highlighted to the phyto-inoculum's
level, were the fresh weights vitroplantlets values, at the experimental tested
variants. Instead, the dry weight of the vitroplantlets cultured on medium prepared
with DW and sucrose 15 g/l with honey supernatant 15 g/l, mixed with DW (V5)
(whose fresh weight was the highest and statistically significant) marked values
similar to those registered on the other two lots cultivated on medium with
supernatant (V4 and V6) (Table 1).
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Table 1
Comparative analysis of average values of sparrow grass (Asparagus officinalis L.) vitroplantlets growth indices,
at 90 days after inoculation, as follows: V0 - BM-MS solid prepared with DW and sucrose 30 g/l (control); V1 BM-MS prepared with DDW and sucrose 30 g/l; V2 - BM-MS prepared with DW and honey 30 g/l; V3 - BM-MS
prepared with DDW and honey 30 g/l; V4 - BM-MS, prepared with DW and 30 g/l + supernatant DDW; V5 - BMMS, prepared with DW and sucrose 15 g/l + supernatant honey 15 g/l, mixed with DW; V6 - BM-MS, prepared
with DW and sucrose 15 g/l + supernatant honey 15 g/l, mixed with DDW
V1
V2
V3
V4
V5
V6
V0
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Sig
±
±
±
±
±
±
±
Sig
Sig
Sig
Sig
Sig
st.dev
st.dev
st.dev
st.dev
st.dev
st.dev
st.dev
1.86±
1.50±
1.90±
0.00±
2.00±
2.00±
0.00±
***
ns
***
***
***
No. rootlets
0.38
0.71
0.31
0.00
0.63
0.50
0.00
3.86±
1.50±
1.60±
0.00±
4.00±
1.30±
0.00±
Length rootlets
***
ns
***
***
***
0.69
0.71
0.52
0.00
0.63
0.48
0.00
(cm)
11,3±
5.00±
3.30±
3.90±
15.3±
10.0±
10.0±
***
ns
***
***
***
***
No. propaguls
0.95
0,7
0.82
0.99
1.27
1.70
0.94
1.67±
4.00±
1.17±
1.00±
1.00±
3.00±
1.11±
No. propaguls with
***
ns
***
******
***
0.58
0.01
0.41
0.01
0.01
0.94
0.33
0.0-0.9 cm length
3.86±
1.00±
1.00±
1.11±
2.09±
2.30±
1.80±
No. propaguls with
***
ns
***
***
***
***
0.38
0.03
0.01
0.33
0.70
0.48
0.42
1.0-1.9 cm length
2.57±
0.00±
1.00±
1.21±
6.18±
1.80±
4.20±
No. propaguls with
***
ns
***
***
***
***
0.98
0.00
0.01
0.43
0.60
0.92
0.42
2.0-2.9 cm length
3.00±
0.00±
1.13±
1.56±
6.00±
2,90±
3.00±
No. propaguls with
***
ns
***
***
***
***
0.58
0.00
0.35
0.73
0.63
0.74
0.47
3.0-3.4 cm
1.94±
1.25±
0.52±
1.63±
2,95±
5.27±
3.19±
***
ns
***
***
***
***
Weight fresh (g)
0.06
0.01
0.01
0.06
0.01
0.01
0.01
0.17±
0.22±
0.04±
0.28±
0.35±
0.33±
0.36±
***
ns
**
***
***
***
Weight dry (g)
0.01
0.02
0.01
0.01
0.03
0.01
001
Note: BM-MS – basal medium Murashige-Skoog (1962); DW – distilled water; DDW-deuterium depleted water; sig. – significance [ns – no significant;
** significant, ***very significant]; st.dev. – standard deviation; no – number; L – length; W – weight.
Biometrisation

Sig
***
***
***
***
***
***
***
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CONCLUSIONS
1. Double layer system improves quality and quantity of the aerial part of
Asparagus officinalis L. vitroplantlets.
2. The replacement of distillate water from the sparrow grass culture medium
with deuterium depleted water (with 25 ppm D) led to lower rhysogenesis,
but with honey mixture this system improved organogenesis.
3. Replacing sucrose with honey caused an inhibition both to the rhysogenesis
and to the caulogenesis, in case of single layer system, but in double layer
system, this compound of culture medium improve quantity of biomass.
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