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Abstract Our aim was to elaborate an efficient and reproducible protocol for medium-term 

culture of the threatened taxon Dianthus nardiformis. To reduce the growth, sucrose, 

mannitol, polyethylene glycol, Abscisic acid and Jasmonic acid were tested. For 

assessing the in vitro response, the growth and regeneration were registered after 

different time intervals. 

Mannitol is the most effective for medium-term preservation viable cultures  

which can be maintained unlimited time through transfer at every 3 months. In its 

presence, somatic embryogenesis was induced and in vitro growth in the minimal  

cultures was reduced between 9 and 12 times comparing to the control.  

Antioxidant enzymes assay revealed qualitative and quantitative differences   

among the experimental variants, and also between different concentrations of   

the same compound in correlation with the growth reduction and regeneration. POX  

was the most suitable to detect the efficiency of different treatments to induce  

medium-term cultures. 

  

  

Keywords Medium-term, mannitol, somatic embryogenesis, antioxidant enzymes.  

  

   
 
  

To cite this article: HOLOBIUC I, CATANĂ R, HELEPCIUC F, MAXIMILIAN C,  

MITOI M, COGĂLNICEANU G. Ex situ preservation in medium-term culture of the 

threathened taxon Dianthus nardiformis Janka. Rom Biotechnol Lett. 2021; 26(2): 2416-2422. 

DOI: 10.25083/rbl/26.2/2416.2422 



Medium-term preservation of Dianthus nardiformis 

 

 2417 

 

 

Introduction 

Plant conservation became an important aim of the 

humankind, more than one third of plant species being 

rare, endangered, and threatened by extinction (RAJA-

SEKHARAN & SAHIJRAM, 2015) needing to be 

preserved both in situ and ex situ, with 20% available  

to be reintroduced into the wild. 

Ex situ conservation based on biotechnology was 

developed to save wild threatened species (GONZÁLEZ-

BENITO & MARTÍN, 2011; KRISHNAN et al, 2011; 

MUÑOZ-CONCHA & DAVEY 2011, PIJUT et al, 2011; 

CHAUHAN, 2016). Small amounts of tissues, organs  

or seeds can be collected without affecting the natural 

populations (PENCE, 2002). Among different ex situ 

approaches, medium-term preservation is an efficient and 

not expensive approach (CRUZ et al, 2013), involving 

growth limiting factors (physical or/and chemical) for 

reducing the growth to establish minimal or slow growth 

cultures (CHA-UM & KIRDMANEE, 2007). Some 

medium-term conservation protocols were previously deve-

loped in other threatened Dianthus taxa as D. callizonus,  

D. tenuifolius, D. superbus L. ssp. speciosus (HOLOBIUC 

& BLÎNDU 2006), D. spiculifolius, D. glacialis ssp. gelidus 

(HOLOBIUC et al, 2009b, 2010b), D. trifasciculatus 

(HOLOBIUC et al, 2014), D. ingoldbyi (ARDA et al, 

2016), 

Dianthus nardiformis Janka, a perennial plant, with 

pink flowers, is an endemic endangered vulnerable element 

from the South-East of Romania, Dobrogea region 

(DIHORU & NEGREAN, 2009) and Bulgaria on the 

Black-Sea Coast and Danubian Plain (TZONEV 2004). 

The aim of our study was to establish a medium-term 

culture protocol using growth limiting compounds for ex 

situ preservation of this taxon. The effect of different 

factors was evaluated by measuring the growth and 

regeneration in correlation with the effect of oxidative 

stress effect on antioxidant enzymes. 
 

Material and Methods 

Plant material and culture conditions: double node 

stem fragment of about 10 mm detached from vitroplants 

(HOLOBIUC et al, 2009) were used as explants. Five 

inocula were cultured on a jar of 6 cm diameter/10 cm high, 

with 5 jars/variant (25 replicates/variant). All the cultures 

were maintained in the growth chamber at 2000 lux  

(27 µmol/m2/s), with 16/8 photoperiod and 25°C tempera-

ture. The media variants tested to induced growth retardation 

were based on MS formula (MURASHIGE & SKOOG, 

1972), added with B5 vitamins mixture (GAMBORG, 

1968), solidified with agar (Duchefa Plant Agar) 8 g/l and 

pH adjusted at 5.8 before autoclavation. MS medium was 

supplemented with different compounds: M1-87,6 mM 

sucrose used as control, M2-87.6 mM sucrose + 164.7 mM 

mannitol, M3-87.6 mM sucrose +329 mM mannitol,  

M4-175.2 mM sucrose, M5-262.9 mM sucrose, M6-87,6 

mM sucrose + 60 mM PEG 4000, M7-87.6 mM  

sucrose + 75 mM Abscisic acid (ABA), M8-87.6 mM 

sucrose + 23 mM Jasmonic acid (JA). 

Slow-growth cultures evaluation: the response of the 

cultures in the limiting growth conditions was evaluated 

based on two parameters: (i) the maximum height (length) 

of the tallest regenerant/explant(mm) and (ii) the number  

of regenerants/explant, registered after 40, 80 and 120 days 

of culture. Depending on the experimental variant, were 

developed shoots, somatic embryos or remain as swollen 

meristems. The best developed regenerant height was 

measured after 40 and 80 days, because after these intervals 

some cultures degenerated (M5) or was grown needing the 

transfer on larger vessels (M1, M8), the others maintained 

reduced.The recorded values are expressed as average 

values±SD for 25 replicates/experimental variant. The 

results were statistical analyzed using ANOVA and 

Tukey Multiple Comparison test with 95% confidence 

intervals at P-values < 0.05) (SPSS software). 

Light microscopy analyses on histological samples. 

Aggregates of somatic embryos developed on mannitol 

added variants were prepared  as fallow: fixation in 3.7% 

formaldehyde, dehydration in 70°, 85°, 96° ethyl alcohol 

series for 15 minutes, 3 times immersion in buthyl alcohol 

for 6 hours, finally, the immersion twice in benzene for  

15 minutes and the inclusion in paraffin at 60°C during  

2 hours. The pieces were sectioned at 7 µm thickness using 

a LKB microtome. For paraffin removal, the slides were 

immersed in xylene for 30 minutes, then transferred in  

a 96°-15° alcohol series for 15 minutes, washing and 

staining in Hemalaun Mayer for 10 minutes, washing in 

running tap water. The samples were visualized in light 

microscopy at a DOCUVAL microscope. 
Biochemical analyses. The peroxidases (POX), 

superoxide dismutases (SOD), catalases (CAT) activity 
and electrophoretic spectra were analyzed for cultures 
maintained on different media variants 120 days. The ex-
traction was performed by grinding the plant tissue in  
50 mM Tris-HCl buffer pH 8, added with 2 mM Na2EDTA 
and 4% PVP. The homogenate was centrifuged at 15000 rpm 
for 20 min. The POX enzymatic activity was measured at 
470 nm absorbance (GARCIA-LIMONES et al, 2002). 
Electrophoresis was carried out in non-denaturing PAGE 
system at 4ºC in 10% polyacrylamide migration gel (res-
pectively 8% for peroxidase and catalase). SOD detection 
was based on Beauchamp & Fridovich, (1971) method.  
The CAT activity was assayed at 240 nm according to 
Garcia-Limones et al. (2002) method. In order to locate 
SOD isoformes, the gel was incubated in 36 mM phosphate 
buffer pH 7.8 supplemented with 2.45 mM NBT, 28 mM 
TEMED and 2.8X10-5 M riboflavin. For detection of bands 
with CAT activity 0.003% H2O2 in 0.01 M phosphate 
buffer, pH 7. For POX analysis, the gel was incubated in 
0.5 M acetate buffer pH 5 with 0.08% benzidine and H2O2. 

 

Results 

Evaluation of medium-term cultures: 
On the control variant, the lateral shoots developed 

well and fast, several regenerants emerged from the lateral 
meristems and rooting occurred easily. In the case of PEG, 
mannitol at lower level and sucrose adition, despite the 
induced osmotic stress, lateral shoots developed from  
the first weeks (Fig. 1). 
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Figure 1. Aspects of medium-term cultures of D. nardiformis on MS medium added with:  

a) 60 mM PEG; b) 329 mM mannitol; c) 262.9 mM sucrose after 40 days of culture. 
 

 

After 40 days of culture, a decreasing of the tallest 
regenerant length on the variants supplemented with 
osmolytes as sucrose, mannitol and PEG (M2, M3, M4, 

M5, M6)was recorded (Table 1). PEG addition determined 
a reduction of growth (Fig. 1a), but its effect was lower 
comparing to mannitol (Fig. 1 b). 

 

 

Table 1. Evaluation of medium-term cultures of D. nardiformis. The values represent the average ± SD,  
the results with the same letter did not differ signifficantly 

Variant  Maximum regenerants length/ explant 
(mm) 

The number of regenerants/ explants  

40 days 80 days 40 days 80 days 120 days 

M1  22.4±12.77a 50.26±29.72a 7.26 ±5.33 a 9.33±6.00 a 12.93±6.69 a 

M2 2.4±0.50b 9.06±10.03c 8.66±8.71 a 20.26±11.68b 52±19.99b 

M3 1.8±0.51b 2.8±1.20b 2.6±0.82 b c 4.86±1.92bc 22.26±18.92c 

M4 13.4±7.44a 30.26±23.60a 4.33±1.67b 10.73±4.96a 18.73±12.13a 

M5 4.2±1.66 c 10.8±14.29 c 4.46±2.06 b 12.06±7.46a 13.26±9.89a 

M6 4.06±1.62c 6.2±1.61c 5.6±3.99 b 18.2±6.96b 46.2±24.69b 

M7 2.4±1.80b 3.46±3.46 b 1.13±0.3 c 1.2±0.56 c 1.53±0.63d 

M8 19.33±19.33a 31.93±19.00a 7.06±5.50a 12.33±7.42a 13.8±9.24a 

Mannitol at 329 mM level (M3) was the most limiting 
factor, with small buds emerging from the lateral meristems 
(Fig. 1b). In the variant M2, with lower mannitol level 
(164.7 mM), the effect was not so strong, but the rege-
nerants length was reduced comparing to the control.  
Presence of 175.2 mM sucrose (M4) did not significantly 
reduce the growth of the shoots, but the higher level  
(262.9 mM-M5)had a more pronounced effect (Fig. 1c, 

Table 1) similarly to PEG added variant (M6). ABA  
(75 mM in M7) inhibited the growth of the meristems, they 
remaining viable for 3-4 months, no rooting occurred.  
JA (23 mM-in M8 variant) did not affect the growth and  
the number of shoots. The extension of culture at 80 days, 
ensured the growth limitation in the case of mannitol, PEG 
and sucrose (Table 1). While roots did not develop in 
presence of PEG, it grown on mannitol media. 

 

 

 
Figure 2. Aspects of medium-term cultures of D. nardiformis maintained on 164.7 mM mannitol- 
added medium (M2): during 60 days (a), 80 days (b), detail of a highly regenerative aggregate at  
80 days (c), 120 days (d) and respectively on medium added with 262.9 mM sucrose (M5) 80 days 
(e), 329 mM mannitol (M3) during 120 days (f) and 60 mM PEG (M6) 160 days with vitrification (g). 
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The regenerative structures after 40 days (Table 1) 

varied between 1.13 in presence of ABA and 8.66 on 

mannitol lower level. After 80 days, the best results of 

regeneration were recorded on M2 at 164.7 mM mannitol 

(Fig. 2b, c) and M6 –medium with PEG (Fig. 2g, Table 1). 

Sucrose at high level determined the etiolation and death of 

already developed shoots, despite some new buds emerged, 

they degenerated over time (Fig. 2e). On the variant with 

JA (M8), the development is the same as in control, conti-

nued to grow and rooting occuread easily. After 120 days, 

despite the limited growth, the regeneration increased in the 

case of M2, M3, M6 variants (Table 1). Despite the good 

regeneration in presence of PEG, vitrification was noticed. 

In the case of M2 (with lower mannitol), in the first 

weeks were developed shoots, but subsequently, somatic 

embryogenesis (SE) occurred (Fig. 2a, b, c, d), while on M3, 

SE was induced from the first weeks with lower rate and 

than increased later (Fig. 2f). SE had the initial origin in  

the lateral meristems from the explants and underwent 

continuous and asynchronous (Fig. 3a, c, d), somatic 

embryos having apical and basal meristems being easily 

converted into plants (Fig. 3b). Histological analysis 

revealed different stages of SE and recurrent development 

of somatic embryos with no vascular connection with the 

origin tissue (Fig. 3c, d). 

 

 

 
Figure 3. Aspects of direct somatic embryogenesis in D. nardiformis induced in the presence of mannitol 

after 120 days of culture in fresh samples: (a) Globular somatic embryos; (b) Developed plantlet originated 

in somatic embryos; (c, d). Histological sections of embryogenic aggregates – different stages of SE. 
 

 

Biochemical analysis in D. nardiformis medium-

term cultures 

POX spectrum revealed qualitative and quantitative 

differences among the experimental variants, and also 

between different concentrations of the same compound 

(Fig. 4D), being correlated very well with the growth.  

In case of  limited growth, the bands from the fast migration 

zone disappeared as in the case of the high level of mannitol 

(M3) 5, 6 and 7 isoforms or had a low expression for M5 

variant with increased sucrose and for M6 with PEG.  

The POX activity is highly correlated with its spectrum,  

a decrease was detected in the case of high levels of 

osmolytes (M3, M5, M6) (Fig. 4A), while variants with 

moderate levels (M2, M4) had an increased activity.  

The SOD activity decreased in the case of higher levels of 

osmolytes as in M3 (329 mM mannitol), M5 (262.9 mM 

sucrose), M6 (60 mM PEG) being also corelated with the 

inhibition of the elongation process and growth (Fig. 4B). 

Regarding SOD spectrum, three isoforms were expressed 

in all variants, but one band was more intense on 329 mM 

mannitol (M3) (Figure 4E). 

In case of CAT, the electrophoresis revealed diffe-

rences in enzyme banding pattern for mannitol and PEG 

variants (Fig. 4F). It can be noticed a slightly decrease of 

the CAT activity (Fig. 4C) on higher levels of mannitol and 

sucrose supplement variants. 
 

Discussions 

The survival and regeneration of in vitro culture is 

affected by chemical factors used to induce minimal 

cultures, imposing to establish the most suitable approach. 

While in vitro response and growth of D. nardiformis was 

good (HOLOBIUC et al, 2009a, 2010a), the reaction in 

resctricted growth conditions was different depending on 

compound and level applied: axillar shooting (PEG, sucrose, 

JA, mannitol at lower level), SE in the case of mannitol at 

higher concentration and after the prolonged exposure to 

lower level similar to other experiments in Dianthus related 

taxa (HOLOBIUC et al, 2009b, 2010b, 2014). 
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Figure 4. The activity of POX (A), SOD (B), CAT (C) and spectra of  POX (D), SOD (E), CAT (F)  

in Dianthus nardiformis medium-term cultures after 120 days of culture. 
 

 

Mannitol proved the most suitable to establish 

medium-term culture, while in case of PEG, despite the 

growth limitation and good regeneration, during the time, 

vitrification appeared. Sucrose reduced the growth and 

ensured the regeneration, but at the lower level its effect is 

no so pronounced, and at higher lever despite a limited 

growth, etiolation appeared because the stress. ABA did 

not allowed in vitro development at level tested, just keep 

alive lateral meristems of the explants for a limited 

period. ABA was reported to induced growth inhibition, 

improving the drought and salt resistance, besides its role 

in senescence (SHARP et al, 1994). JA in our experiment 

did not affect the growth and shoots formation which 

were as in control, despite it was reported to be a growth 

inhibitor (KIM et al, 2009). SE reported in D. nardiformis 

was similarly as in other Dianthus sp. (HOLOBIUC et al, 

2009c) allowing a high regeneration, being a source 

propagules for conservative and practical aim. Direct SE 

from leaf with adition of growth regulators was reported  

in a cultivated Dianthus, PEG being necessary just for 

embryos maturation in short-term culture (YANTCHEVA 

et al, 1998). In our experiment, mannitol was a factor of 

growth limitation, but also a promotor of SE. The are 

evidences that embryogenic competence is activate by 

osmolytes (FEHER et al, 2003). Different stress factors 

was also reported to induce SE (ZAVATTIERI et al. 2010) 

as cold, heat, osmotic or nutrient stress probably because 

they stimulate the endogenous synthesis of ABA at a level 

which can trigger the somatic embryogenesis (KARAMI 

& SAIDI, 2008). In a related taxon D. ingolbyi, a reliable 

medium-term protocol at 4°C with 58% survival rate was 

reported (ARDA et al, 2016), but mannitol was better 

tolerated, with a significant growth reduction between  

9-12 times comparing to the control, correlated with 90-

100% survival and with a high regeneration. Concerning 

biochemical evaluation, POX, SOD and CAT spectrum 

were correlated with variants tested as in a former study in 

Dianthus sp., antioxidant enzymes being susceptible to the 

nature, level, duration of exposure to osmolytes and by the 

capacity of the species to overcome the stress (MITOI et 

A D 

B E 
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al, 2009). The three POX isoforms might be involved  

in cell elongation, exhibiting the highest polymorphism. 

These enzymes counteract ROS (hydroxyl anion and 

hydrogen peroxide) which can induce cell damages  

and even death if protective mechanism fails to detoxify 

(POLLE, 1995). On the other hand, mannitol can be 

accumulate in significant amounts, lowering cellular osmo-

tic potential acting also as ROS scavenger (BOHNERT & 

SHEVELEVA, 1998, RUIJTER et al, 2003). Absence of 

POX isoforms on higher mannitol may be due to man-

nitol ROS scavenger role. For SOD, the isoforms were 

expressed in all variants, also with one band more intense 

at higher mannitol variant. CAT spectrum revealed diffe-

rences on mannitol and PEG variants where regeneration 

was higher. Lower level of osmolytes allowed to plants  

to overcome the oxidative stress through increasing  

the antioxidant enzymes activity, but at higher stress,  

the plants capacity to neutralize ROS declines, some 

phenotypical changes could appear(dwarfness, etiolation), 

the viability loss, death or activation of survival 

mechanisms (as SE). Similary, in D. trifasciculatus, 

biochemical analyses also shown that POX and CAT were 

sensitive to the different treatments, increased mannitol 

influenced the intensity of the bands even two months 

after its removal (HOLOBIUC et al, 2014). 
 

Conclusions 

The factors tested for minimal cultures had different 

effects on the limitation of the growth and development of 

regeneratives structures. Mannitol was the most efficiently 

to ensure a growth limitation of 9 to 12 times lower 

comparing to the control and to induce as a stress response, 

a high regeneration through SE generating hundred of 

propagules in small space and with reduced labor. Bio-

chemical analysis after 120 days proved that antioxidant 

enzymes activity increased in a compensated system that 

tend to overcome the oxidative stress generated by different 

chemical factors while in the decompensated system, 

antioxidant enzymes activity was decreased, being not able 

to counteract the oxidative stress. POX was the most 

sensitive to detect the effect of factors used to limit in vitro 

growth. Isoenzymes patterns were in fact correlated to  

the adaptation to osmotic stress, growth reduction and 

regeneration process. 
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