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Abstract 

Callusogenesis, an undesirable phenomenon and frequently encountered in sugar beet (Beta 
vulgaris var. Saccharifera) vitrocultures, was overcome by replacing bidistilled water - used as a 
solvent for all hydrosoluble components - in the culture media, with Pi water or deuterium (D) depleted 
water (DDW) (with 25 ppm D), even in the presence of 6-Benzylaminopurine (BA) in 2.5 mg/l 
concentration. The presence of the DDW in this culture medium has  determined an 100% inhibitory 
effect of the callusogenesis, resulting in regeneration of vigorous and healthy plantlets; Pi water (PiW) 
also reduced callusogenesis at a rate of 10 times against the  control - but compared with DDW, its 
inhibitory  efficacy was lower.  
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Introduction 

 
Sugar beet (Beta vulgaris var. Saccharifera) represents one of the most important crops 

[1, 2], being used  for sugar and ethanol production. The best cultivars of B. vulgaris are 
cloned by micropropagation procedures [3]. In such practices, the callusogenesis emergence 
is quite frequent, which decreases efficiency in the cloning of selected genotype endowed 
with resistance to rhizomania. In micropropagation industry, although there are numerous 
plant material losses, the economic damage following the appearance of callusogenesis 
phenomenon exists [4] - yet solutions to stop this could not be found.  

When the callus is young it has a particular morphoanatomical structure, composed of 
proliferative and undifferentiated cells in parenchyma tissues. At the periphery of a normal 
callus, there is a primary meristem, and organogenic or embryogenic centers, depending on 
the nature of growth regulators present in the culture medium, and the type of tissues, which 
served as explants for in vitro culture initiation [5]. Callus cells are characterized by low 
activity of enzymes involved in synthesis of lignin precursors and enzymes responsible for 
polymerization [6]; in olive callus was found that the level of chlorophyll b is higher than that 
of chlorophyll a [7]. 

The callus development is possible through the proliferation of cells. It is the result of a 
lawless, anarchic proliferation, sometimes correlated with physiological disorders like 
hyperhydricity, and the cells differentiate into vascular elements, without the tissue 
organization [8, 9]. Hormonal manipulation of this normal callus display allows the 
expression of the organogenic potential through shootlets and rootlets, but sometimes the 
presence of callus can have harmful, unintended effects. 

In our experiments we analyzed the effect of Pi water (PiW) and deuterium depleted 
water (DDW) respectively, on sugar beet in vitro regenerated plantlet callusogenesis, 
following some reports which demonstrated that DDW influenced the growth rate of animal 
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tumor cells [10]. In mice, using DDW instead of natural water, a significant decrease of 
cancer cells multiplication was recorded. Somlyai and his colleagues [11] found that a 
reduction in deuterium content of the drinking water for animals influenced the cell 
metabolism untill a blocking up in the development and even the disappearance of tumor cells 
was observed. In these authors opinion the cells are able to regulate deuterium (D)/hydrogen 
(H) ratio and the changes in this rapport can trigger certain molecular mechanisms having a 
key role in cell cycle regulation [12]. The authors suppose that the concomitant increase of 
D/H ratio is the real trigger for the cells to enter in the S phase of division [13]. The decreases 
of D level can intervene in the signal transduction pathways thus leading to tumor regression. 
In the case of transplantable tumors, low-deuterium water treatment resulted in significant 
inhibitory effect on volume of all tumor patterns concerned, delaying the nodule formation at 
transplantation site.  

On the other hand, in plants, deuterated water was used as tracer to characterize whole-
tree water transport and storage properties in individual trees belonging to the coniferous 
species [14] and in five tropical tree species and a bamboo species [15]. The deuterated water 
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 [15]. Also, the effects of combined soil physical stresses of 
compaction and drought on the production of fully hydrated mucilage and root border cells 
(RBCs) in maize was studied using deuterated water method [16].  

Chlorella protothecoides (a lutein-producing microalga) was grown aerobically in a 
mineral medium prepared with 70% (v/v) deuterated water [17] and the rapidly growing 
microalga had much higher levels (58%) of deuterated lutein relative to previously reported 
(9–15%) natural sources of lutein. 

 
Materials and methods 

 
Dragged seeds of sugar beet were disinfected - for 15 minutes - in sodium hypochlorite 

solution, (40% concentration), to which were added a few drops of Tween 20, followed by 
rinsing in five bath of sterile water to remove traces of chlorine; then, the seeds were 
inoculated on aseptic mineral basic medium (MB) Murashige - Skoog (MS) [18] at half (½) 
concentration, solidified with 7 g/l agar-agar, without growth regulators, prepared with 
bidistilled water (Table 1). The medium pH was adjusted to 5.7. 

 In the 30-th day after the in vitro initiation of the seed germination experiment the sugar 
beet plantlets developed from the zygotic embryos (at a rate of 89%)  generally had a rootlet 
with an average size per whole lot of 2.4 cm, a stemlet with an average length of 5.5 cm, on 
which were inserted the two cotyledons, and two leaflets in the top of the plantlets. Uninodal, 
apical minicuttings of 2-3 mm size were detached from the plantlets and were inoculated on 
MB-MS media, prepared with different types of water, respectively bidistilled water (DW), Pi 
water (PiW) or deuterium depleted water (DDW), the last one with a content of 25 ppm D, 
with or without the addition of BA (6-Benzylaminopurine), according to the protocol from 
Table 1. 

After 30 days of in vitro culture of sugar beet apices the morphogenesis, structural and 
ultrastructural aspects of calli developed at the base of minicutting explants - which were 
cultivated on culture media prepared with DW or with PiW (only the batches which presented 
callus) - were studied. Callus fragments were taken and fixed and were processed, according 
to the transmission electron microscopy specific techniques [19].  

The callus fragments fixation was made by 2.7% glutaraldehyde solution, for one hour, 
after that the fragments were post-fixed in 2% osmic acid solution, and then were dehydrated 
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in increasing concentrations of acetone baths; later, the vegetal samples were included in 
EPONE 812. The sectioning of sample blocks was performed with a Leica UC6 microtome, 
and the contrasting has been made with uranyl acetate and lead citrate solutions. Preparations 
were examined at a transmission electron microscope (Jeol JEM1010), and images were 
photographed with a brand digital camera Mega View III CCD. The photographs were 
processed through Corel Photo Paint 12. 

The callus subculture was performed by detaching callus fragments from the base of the 
shoots developed on the media prepared according to V00 and V1 experimental variants, and 
transferring them on the medium with 2 mg/l 2.4-D (Table 1). 
Table 1. The experimental protocol for  in vitro culture of sugar beet (Beta vulgaris var. Saccharifera) seeds, 
caulinar explants and callus subcultures. 

First culture 
(initiation 

seeds) 
- 30 days - 

Culture medium 
in the first 
subculture 
- 30 days - 

Callus 
subculture 

Culture 
conditions 

Kind of biometrizations made in 
the final of first subculture 

solidified 
mineral basic 
medium MB – 
MS ½, without 
growth 
regulators, 
prepared with 
DW 
 

V00 - MB – MS + 
2.5 mg/l BA 
prepared with 
DW (control) 

V0 - MB – MS 
without growth 
regulators, 
prepared with 
DW 

V1 - MB – MS + 
2.5 mg/l BA 
prepared with 
PiW 

V2 - MB – MS + 
2.5 mg/l BA 
prepared with 
DDW 

MB – MS 
+ 2.4 - D, 
2 mg/l, 
prepared 
with DW  

 - 23οC± 2oC 
in lightness  
period; 

- 20οC ± 2oC, 
in darkness 
period;  

- 1700 lx;  
- 16/24 h 

photoperiod. 

No. of rootlets/inoculum 
L. of principal rootlets 
No. of total leaflets/inoculum 
No. of green leaflets/inoculum 
No. of necrosed leaflets /inoculum 
No. of rosettes/inoculum 
L. of petioles 
L. of  foliar limb 
L. of stemlets 
L. of plantlets 
Callusogenesis 
degree/experimental variant 
Structural aspects of callus 
Ultrastructural aspects of callus 

Note: 2.4 - D – (2.4 – dichlorophenoxy)acetic acid; BA – 6-Benzylaminopurine; DW – bidistilled water; DDW 
– deuterium depleted water; L – length; MB – basal medium; MS – Murashige – Skoog medium [18]; no 
– number; PiW – Pi water. 

 
Results  
 

1. Evolution of apical uninodal minicuttings on media prepared with different 
types of water  

After 30 days from the first subculture, the growth indices of plantlets regenerated from 
uninodal, apical minicuttings of sugar beet, and the values recorded in the variants with the 
BA addition in the culture medium prepared with different water types (variants V0, V1 and 
V2) have been reported to the average calculated from control group (V00) (dates considered 
as 100%), all with the addition of 2.5 mg/l BA, but prepared with DW are represented as 
histograms inserted in Figure 1.  

Regarding in vitro rhizogenesis, only to regenerated plantlets on MB - MS + 2.5 mg/l 
BA prepared with DDW (V2) appeared two adventitious roots at the basal region of each 
stem, with the average length of 0.3 cm. This root genesis was possible because on the base of 
shoots callusogenesis was absent; this phenomenon was present in other experimental variants 
on the culture medium which contained BA, especially on those prepared with DW (V00) 
(Figure 2 A and B).  
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Caulogenesis, from the perspective of the leaflet total number was stimulated by the 
growing medium with the addition of BA and prepared with DW (V00) (Figure 1). 

An inhibitory effect on new leaflets development on sugar beet shoots has been 
recorded in the presence of both water PiW (V1) or DDW (V2), the newly-regenerated shoots, 
on this culture media, marking minuses by 23%, comparatively with those which was raised 
on the control culture media (V00) (Figure 1). 

Although the total leaflets number was higher in the control group, the most vigorous, 
intensely green and the largest number of green leaflets were reported on  shoots regenerated 
on medium prepared with DDW (V2) (Figure 1 and Figure 2 B), which was the lot that we’re 
not necrosed leaflets (Figure 1 and Figure 2 B).  

An advantage offered by the phytoinocula cultured on medium with PiW (V1) or DDW 
(V2) - compared to those regenerated on medium containing DW (V00) - was the development 
of rosettes, in which the leaflets, although they were fewer in number, grew normally 
arranged at node on 2 - 3 levels (Figure 1), situation which did not appear in the control 
group, where the intense callusogenesis affected the rosettes development (Figure 1). Hence, 
the appearance of several buds in calli resulted in an increase of the total leaflet number. 
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Fig. 1. Percentage values of sugar beet (Beta vulgaris var. Saccharifera) plantlets growth indices, after 30 days of 
culturing uninodal, apical minicuttings provided from zygotic plantlets and subcultivated on MB – Murashige – 
Skoog [18] aseptic medium, according to the following experimental variants: V0 – MB - MS without growth  
regulators, prepared with distilled water; V1 – MB - MS + 2.5 mg/l BA, prepared with Pi water; V2 – MB - MS + 
2.5 mg/l BA, prepared with deuterium (D) depleted  water (25 ppm D) referring to data registered on V00 – MB - 
MS + 2.5 mg/l BA medium, prepared with distilled water, considered as 100% (BA – 6-Benzylaminopurine; L – 
length; MB – basal medium; MS – Murashige – Skoog medium; no – number; ** p<0.01; *p<0.05). 

 
With regard to leaf size components, the longest foliar limbs, on average of 1.5 cm, 

were measured in shoots cultivated on medium with DDW (V2); the values were 50 % plus, 
compared with DW (V00) and the lowest values of foliar limbs were identified at leaflets 
regenerated on medium prepared with Pi W (V1); in the last case the minuses was 50% 
comparatively to the control (Figure 1).  

The leaflets on the shots cultivated on the culture media without BA, and prepared with 
DW (V0) had petioles sizes similar to those grown on medium with 2.5 mg/l BA and prepared 
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with DDW (V2), but the difference between them consists in petioles color and thickness, so 
that those of the DDW (V2) group  where  greener and more vigorous. 

A.  B.  
Fig. 2. Aspects of (Beta vulgaris var. Saccharifera) plantlets grown – for 30 days (A) and for 90 days (B) - 
from uninodal, apical minicuttings subcultured on MB – MS aseptic medium, according to the following 
experimental variants: V00 – MB - MS + 2.5 mg/l BA, prepared with distilled water; V0 – MB - MS without 
growth  regulators, prepared with distilled water; V1 – MB - MS + 2.5 mg/l BA, prepared with Pi water; V2 – 
MB - MS + 2.5 mg/l BA, prepared with deuterium depleted  water (25 ppm D) {BA – 6-Benzylaminopurine; 
DW – bidistilled water; DDW – deuterium depleted water; MB – basal medium; MS – Murashige – Skoog [18] 
medium; PiW – Pi water; bars means 1 cm}. 

 
The leaflets number was superior for shoots grown on the control medium prepared 

with DW (V0) but not the same thing was observed in the case of stemlet lengths in these 
groups. The smaller size was identified in the control group, because many recorded leaflets 
were not arranged in rosettes, in superimposed verticiles, as was the case of plantlets 
cultivated on the variants in which DW was replaced with PiW (V1) and especially those 
grown on media with DDW (V2), but presented more newly-formed shoots at the callus level, 
so the size of the stemlet were 200% higher, in the case of V1 variant, respectively 260%, to 
lot noted with V2 (Figure 1). 

Plantlet length coincided with the stemlet lengths in shoots which had the rhizogenesis 
hampered by the callus emergence (V1), but it was different and highest (showing 320% plus, 
as seen in Figure 1) in plantlets regenerated on medium prepared with DDW (V2).  

 
2. Regenerating callus at the base of uninodal caulinar apical minicuttings 
 In this experiment, after 30 days of vitroculture, only plantlets regenerated from 

caulinar apices of sugar beet, cultivated on medium without growth regulators, respectively, 
without BA (V0) and that prepared with DDW (V2), even in presence of BA (Figure 1) have 
not presented callusogenesis. 

At the basal level of shoots grown on medium prepared with DW plus BA 2.5 mg/l 
(V00), compact masses of callus were formed. In this variant, which we considered the 
reference, this callus size was 3 cm in length and the percentage of necrosis was 90% and the 
consistency was hard. In this group, the callus presence at the shoot basis stopped the 
rhizogenesis, even in an advanced growth stage. Also on leaflets which were in direct contact 
with the culture medium, it was the dedifferentiation and callus formation. 

Compared with control variant (callus formed on the basis of phytoinocula grown on 
medium MB-MS, with 2.5 mg/l BA and prepared with bidistilled water), replacement of DW 
in the culture media with PiW (V1) has an inhibitory effect on callusogenesis. The basis of 
shoots which were grown on such medium (even in the presence of 2.5 m/l BA) currently has 
callus, with was 10 times lower than the control size (Figure 1). On culture medium prepared 
with PiW (V1) the plantlet leaflets that came into contact with the culture has entered a 
dedifferentiation process, having newly-formed callus all over them.  
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Culture medium which was prepared with DDW (V2) had an inhibitory effect on 
callusogenesis, therefore in the plantlets grown on such a medium the presence of callus was 
not recorded, which allowed (after 90 days of vitroculture) formation of vigorous adventitious 
rootlets organized in a well-developed radicular system at the first node of stemlets, which 
was sticking in the culture medium (Figure 2 B). 

If the initiation of callus in sugar beet (Beta vulgaris var. Saccharifera) was induced on 
culture medium MS-MB (1962) with 2.5 mg/l BA addition, the subcultivation of it on 
medium MB - MS, with 2.4-D, in concentration of 2 mg/l (without BA addition), prepared 
with bidistilled water, after 30 days of this subcultivation, the callus was 10% necrotic and 
90% hyperhydric, with friable consistency. The culture media with 2 mg/l 2.4-D have 
produced only vitrified callus (Figure 3). 
 

 
Fig. 3. Aspects of sugar beet (Beta vulgaris var. Saccharifera) hyperhydric callus at 30 days from their 
subcultivation on MB – MS medium with 2 mg/l 2.4-D {2.4 - D – (2.4 – dichlorophenoxy) acetic acid; MB – 
basal medium; MS – Murashige – Skoog [18] medium}. 

 

A.  B.  

C.  D.  

Fig. 4. Optical microscopy aspects observed in longitudinal sections through sugar beet (Beta vulgaris var. 
Saccharifera) normal callus provided from culture medium prepared with Pi water (V1) (A and B) and 
hyperhydric callus formed on medium prepared with distilled water (V00) (C and D), regenerated at the base 
of shoot, during 30 day from subcultivation (c.f.- corpuscular formations; i.sp. – intercellular space; L – 
lacuna; mx – myxoplasm; N – nucleus; V – vacuole; X - xylem) (A – 100X and B – 200X; C – 100X; D – 
400X). 

  
Normal callus of sugar beet, generally that developed on culture media prepared with 

water Pi (V1) - presented parenchyma cells with regular shapes and sizes (Figure 4 A - B and 

V X 
V 
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5, A - B), with small intercellular spaces, and with rare elements of xylem in its depth; the 
normal callus presented, too, parietal cell cytoplasm and a large vacuole, with an integral 
tonoplast (Figure 5 A and B). 

 

A.  B.  

C.  D.  
 
Fig. 5. Ultrastructural aspects observed in sugar beet (Beta vulgaris var. Saccharifera) normal callus provided 
from culture medium prepared with Pi water (V1) (A and B) and hyperhydric callus formed on medium 
prepared with distilled water (V00) (C and D), regenerated at base of shoot, during 30 day from subcultivation 
(cyt – cytoplasm; c.f. – corpuscular formations; c.w. – cell wall; chl – chloroplasts; i.sp. – intercellular space; L 
– lacuna; l.d. – lignin deposits; mx – myixoplasm; V – vacuole; N – nucleus; n – nucleon) (bars means: A – 10 
µm; B – 2µm; C – 10 µm; D – 5 µm). 

Hyperhydric sugar beet callus formed during 30 days at the base of shoots grown in 
culture medium with the addition of BA and prepared with DW (V00) consisted in a mass of 
deformed cells (Figure 4 C and D), especially those from outward area, with large 
intercellular spaces, transformed into real gaps (Figure 4 D and Figure 5 C and D); in many 
cells was observed the dismantling of tonoplast and vacuolar juice mix with cytoplasm, 
forming a myxoplasm, which shows a permanent alteration of cell structure. These aspects 
confirm ultrastructural disintegration and malfunctioning status of hyperhydric callus, which 
presents no differentiation and morphogenetic capacity. Also as a feature of hyperhydric 
callus of beet it is to mention the frequent appearance in vacuolar juice of corpuscular 
formations, electron dense, of unknown origin (Figure 4 D and 5 C). In hyperhydric callus, 
often, appear cells which undergo necrosis (Figure 5 D). 
 
Discussions 

 
Comparing the parameters registered in the control group - phytoinocula grown on 

media prepared with bidistilled water – with the sugar beet shoots regenerated from caulinar, 
uninodal apices, grown on culture medium Murashige – Skoog [18], with 2.5 mg/l 6-
benzylaminopurine addition, in which bidistilled water was replaced by Pi water or deuterium 
depleted water (D having 25 ppm) a stimulation of stemlet elongation  was observed, while 
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the rhizogenesis was present only at the shoots basis which were cultivated on medium 
prepared with deuterium depleted water, with 25 ppm deuterium concentration.  

Culture medium prepared with deuterium (D) depleted water - with D 25 ppm - in 
presence of BA, expressed an inhibitory effect of plantlet callusogenesis and determined the 
regeneration of vigorous and healthy plantlets.  

Pi water manifested the same inhibitory effect on the phenomenon of callusogenesis, 
though at a lower level of efficacy compared with deuterium depleted water, but with a much 
better effect compared with distilled water.  

Other results regarding the effect of DDW or PiW on callusogenesis inhibition are not 
presented in the literature to our knowledge. We previously studied the positive effect of both 
waters in hyperhydricity prevention [20] and annihilation [21, 22]. In some transgenic Coffea 
spp., the glufosinate was reported to efficiently inhibit the growth of leaf callus and callus 
suspensions without inducing necrosis [23].  

There is a species-specific inhibitory effect of allelopathy on cultured cell and callus 
growth [24]. The soybean (Glycine max Merr.) callus was cultured with rice (Oryza sativa L.) 
callus in the same culture bottle, and allelopathic evidence of growth inhibition on the former 
callus was observed. The allelopathic effect of inhibition on soybean callus was non-specific 
with respect to rice cultivars. 

In the case of Beta vulgaris callus used in transformation experiments with selectable 
markers, the antibiotics geneticin, gentamycin, hygromycin, kanamycin and phleomycin were 
screened utilizing 'Betaseed 4587' [25]. Callus growth was inhibited by levels of 50 µg/ml 
geneticin, 150 µg/ml gentamycin, 10 µg/ml hygromycin, 150 µg/ml kanamycin and 20 µg/ml 
phleomycin. The results indicate that the concentrations of antibiotics used to inhibit callus 
induction was sufficient. 

In our experiment we obtained callus only at the basis of sugar beet (Beta vulgaris var. 
Saccharifera) minicuttings which were grown on culture medium with 2.5 mg/l 6-
benzylaminopurine, prepared with bidistilled water. Replacement of bidistilled water from the 
culture medium of sugar beet (Beta vulgaris var. Saccharifera), with Pi water, especially with 
deuterium depleted water (with 25 ppm D) proved to be a very efficient method, cheap and 
handy, in preventing the occurrence of the callusogenesis phenomenon in these vitrocultures. 

The callus regenerated on the base of shoots on culture medium prepared with Pi water 
has normal ultrastructural aspect (with xylem representation), while that formed on medium 
prepared with distilled water was hyperhydric. After Bader and his collaborators [26, 27], 
Forsytia cells - from normal callus cultures - had less starch, in cytoplasm could see Golgian 
elements could be seen, endoplasmic reticulum and frequent multivesicular body; the 
mitochondria showed slightly swollen crista and a variety of corpuscular aggregates and 
filamentous spheroglobule were commonly found in vacuolar juice. The authors noted that, 
although ultrastructural picture was found to be a fairly complex one, showing necrotic callus 
cells – the callus presented rhizogenetic capacity.  

The hyperhydricity phenomena frequently present in sugar beet callus was also reported 
[5]. In these cases callus had a luxuriate growth, was friable, lacking chlorophyll, and without 
morphogenic capacities. In hyperhydric callus culture of cactus, peroxidase and esterase 
activity was higher [28]. Eboe–Nil and Al-Sabah - cited by Cachiţă and collaborators [29] - 
showed that hyperhydric callus cultures of Rhanterium epapposum (an evergreen shrub in 
desert areas) can be controlled by adding in the growing medium of 1-30 mg/l silver nitrate, 
compound which is an inhibitor of endogenous ethylene production. The addition of certain 
compounds which have been observed to control callusogenesis, as reported by other authors 
[10, 29] supports the findings of this study. 

 



New methods for preventing the unwanted callusogenesis at sugar beet (Beta vulgaris var. Saccharifera) 
 

6362 Romanian Biotechnological Letters, Vol. 16, No. 4, 2011 

References 
 
1. A. ATANASOV, Sugar beet. D. A. Evans ed., Handbook of Plant Cell Culture. Crop Species, Chapt. 23, 

Mac Millan Publishing Company, New York, London, 1986, pp. 652 – 680. 
2. A. ATANASSOV, Sugar beet (Beta vulgaris L.). Y. P. S. Bajaj ed., Biotechnology in Agriculture and 

Forestry, Vol. 2: Crops I, Springer - Verlag, Berlin, Heidelberg, 1986, pp. 462 – 470. 
3. D. CONSTANTINOVICI, Studii privind efectul acţiunii in vitro a mediilor de cultură, cu diferite balanţe 

hormonale, asupra unor categorii de explante la Beta vulgaris L.. Cercet. Agr. în Mold., 110, 71 – 79 (1997). 
4. C. SAND, C.D. CACHIŢĂ, The inducting and the selection of callus with regenerative potency for sugar beet 

(Beta vulgaris). I. Anghel, ed., Proceeding of the 8-th National Symposium of Industrial Microbiology and 
Biotehnology,  Editura Universității Bucureşti, București, 1994, pp. 429-431. 

5. C.D. CACHIŢĂ, C. CRĂCIUN, Ultrastructural Studies on Some Ornamentals. D. A. Evans ed., Handbook of 
Plant Cell Culture. Vol. V, McGraw-Hill Publ.Co., S.U.A, 1990, pp. 57 – 94. 

6. A. LAMPROYE, C. KEVERS, T. GASPAR, Changes in peroxidase activities, phenol content, and 
ethylene production in callus-forming basal part of sugar beet petiole. Bull Groupe Polyphenol (C R 
Journees Int d’Etude, Montpellier), 13, 232 – 234 (1986). 

7. S. LAVEE, G. MESSER, The effect of growth-regulation substances and light on olive callus growth in 
vitro. J Exp Bot, 20, 604 – 614(1969). 

8. M. CRÈVECOEUR, C. KEVERS, T. GASPAR, A comparative biochemical and cytological 
characterization of normal and habituated sugarbeet calli. Biol Plant 29, 1- 6 (1987). 

9. M. CRÈVECOEUR, D. HAGÈGE, A.M. CATESSON, H. GREPPIN, T. GASPAR, Ultrastructural characteristics 
of cells from normal and habituated sugar beet calli. Plant Physiol. Biochem., 30, 87-95 (1992). 

10. G. SOMLYAI, Să învingem cancerul! Efectele biologice ale reducerii de deuteriu. Editura Conphys, 
Râmnicu Vâlcea, 60-70 (2001). 

11. G. SOMLYAI, G. LASKAY, T. BERKENYI, Z. GALBACS, G. GALBACS, A.S. KISS, G. JANCSO, G. 
JAKLI, Biologische auswindertem deuteriumgehalt. Erfahrungsheilkunde 7, 381-388 (1997). 

12. G. SOMLYAI, G. LASKAY, T. BERKENYI, Z. GALBACS, G. GALBACS, A.S. KISS, G. JAKLI, G. 
JANCSO, The biological effect of deuterium depleted water, a possible new tool in cancer therapy. Z. 
Onkol./Z of Oncol. 30 (4), 91-94 (1998).   

13. V.S. TURUSOV, I.E. SINIAK, A. GRIGOREV, D.G. ZARIDZE, E.E. ANTOSHINA, L.S. TRUKHANOVA, 
T.G. GORKOVA, Low-deuterium water effect on transplantable tumors. Vopr Onkol. 51(1), 99-102 (2005). 

14. F.C. MEINZER, J.R. BROOKS, J.-C. DOMEC, B.L. GARTNER, J.M. WARREN, D.R. WOODRUFF, K. 
BIBLE, D.C. SHAW, Dynamics of water transport and storage in conifers studied with deuterium and heat 
tracing techniques. Plant, Cell & Environment 29 (1), 101 – 114 (2005). 

15. L. SCHWENDENMANN, D. DIERICK, M. KÖHLER, D. HÖLSCHEr, Can deuterium tracing be used for 
reliably estimating water use of tropical trees and bamboo? Tree Physiology 30(7), 886-900 (2010). 

16. S. SOMASUNDARAM, T.P. RAO, J. TATSUMI, M. IIJIMA, Rhizodeposition of mucilage, root border cells, carbon 
and water under combined soil physical stresses in Zea mays L.. Plant Production Science 12, 4443 – 4448 (2009). 

17. B. PRAKASH, S. BOGDAN, P.S. BERNSTEIN, Production of deuterated lutein by Chlorella protothecoides and 
its detection by mass spectrometric methods. Biotechnology Letters 28(17), 1371-1375 (2006). 

18. T. MURASHIGE, F. SKOOG, A revised medium for rapid growth and bioassays with tobacco tissue 
cultures. Physiol. Plant 15, 473 – 477 (1962). 

19. M.A. HAYAT, Principles and techniques of electron microscopy. Biological applications, 4th Ed. 
Cambridge University Press, Cambridge, 2000, pp 12-40. 

20. C.D. CACHIŢĂ, C.M. PETRUŞ, A. PETRUŞ - VANCEA, C. CRĂCIUN, Hyperhydricity phenomenon 
developed at the level of sugar beet (Beta vulgaris L. var. Saccharifera) vitrocultures. III. Ultrastructural issues 
observed in the hyperhydric callus cell, Studia Univ. Vasile Goldiş, Seria Şt. Vieţii, Vol. 18(2), 53-64 (2008). 

21. A. PETRUŞ - VANCEA, D. RADOVEŢ – SALINSCHI, C.D. CACHIŢĂ, Hyperhydricity annihilation out 
of vitrocultures with deuterium depleted water and Pi water, using a double layer system, Lucrări 
Știintifice. Serie F, Special Volume, Biotechnology, 20 – 30 (2008). 

22. C.D. CACHIŢĂ, C.M. PETRUŞ, A. PETRUŞ - VANCEA, C. CRĂCIUN, Hyperhydricity phenomenon 
developed at the level of sugar beet (Beta vulgaris L. var. Saccharifera) vitrocultures. IV. Deuterium 
depleted water effects in hyperhydricity annihilation of vitroleaflet cells, aspects viewed to optic and 
transmission electronic microscope, Studia Univ. Vasile Goldiş, Seria Şt. Vieţii, 18(2), 25-34 (2008). 

23. V. VAN BOXTEL, A. ESKES, M. BERTHOULY, M., Glufosinate as an efficient inhibitor of callus 
proliferation in coffee tissue, In Vitro Cellular & Developmental Biology - Plant, 33(1), 6-12 (1997). 

24. Y-S. YANG, Y. FUTSUHARA, Inhibitory effects of volatile compounds released from rice callus on soybean 
callus growth: allelopathic evidence observed using in vitro cultures, Plant Science, 77(1), 103-110 (1991).  



A. PETRUŞ – VANCEA, D. CACHIŢĂ – COSMA 
 

Romanian Biotechnological Letters, Vol. 16, No. 4, 2011 6363 

25. D.W. CATLIN, The effect of antibiotics on the inhibition of callus induction and plant regeneration from 
cotyledons of sugarbeet (Beta vulgaris L.), Plant Cell Reports, 9(5), 285-288 (1990). 

26. S.M. BADER, C.D. CACHIŢĂ, C. CRĂCIUN, Ultrastructure of Forsythia suspensa callus cells obtained 
from young shoot culture. Proc. 5 Inter. Congr, Plant Tissue and Cell Culture, Tokyo, 47 – 48 (1983).  

27. S.M. BADER, C.D. CACHIŢĂ, C. CRĂCIUN, Ultrastructura celulelor din calus de Forsythia suspensa 
obţinute din explante celulare. Ştiinţe şi cercetări biologice, Biologie Vegetală, 36(1), 53 – 56 (1984). 

28. B. BALEN, M. KRISNIK-RASOL, V. SIMEON-RUDOLF, Isoenzyme of peroxidase and esterase related to 
morphogenesis in Mammillaria gracilis Pfeiff. issue culture. Journal of Plant Physiol, 160 (11), 1401 – 1406 (2003). 

29. C.D. CACHIŢĂ, F. ACHIM, V. CRISTEA, I. KOKKINOS, Metode de cultivare in vitro a sfeclei de zahăr, 
Lucrări ştiinţifice sfeclă şi zahăr, XVI, 13 – 20 (1987). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


