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Table 1. Medium compositions tested in raspberry micropropagation. 
 

Medium 
Medium supplement substances 

Calcium gluconate (g·L-1) Ascorbic acid (mg·L-1) 

Control 0 0 
1 0.5 0 
2 1 0 
3 0 50 
4 0 100 

 
 
 
explants. These problems are partly caused by oxidation 
of polyphenols which are abundant in raspberry 
(Mederos-Molina and Trujillo, 1999) and/or by calcium 
deficiency that occurs during shoot initiation of culture 
(Abousalim and Mantell, 1994). Other reasons of shoot 
necrosis during micropropagation include drop of pH of 
the culture medium, prolonged subculture, and low tem-
perature for the shoot growth (De Block, 1990). 

Raspberries are rich in phenols and the phenolic 
content varies among cultivars (Liu et al., 2002). Phenolic 
substances, especially oxidized phenols, generally have 
negative effect on plant micropropagation (Arnaldos et 
al., 2001). These phenolic compounds are responsible for 
browning of the culture medium followed by subsequent 
lethal necrosis of explants (Ozyigit, 2008). The darkening 
or browning of the medium in tissue culture is caused by 
exudation and oxidation of phenolic compounds which 
results in the formation of quinones which are highly 
reactive and toxic to plant tissues (Ko et al., 2009). 
Ascorbic acid has been known as a phenol exudation 
inhibitor (Gil et al., 1998) and used as a medium 
supplement to decrease the symptoms of necrosis or 
browning leading to dieback of explants in various plant 
species (Ko et al., 2009). Ascorbic acid acts as an 
antibrowning agent in tissue culture by inhibiting the 
formation of strongly-oxidizing quinones and by inhibiting 
the activity of phenolases (Chikezie, 2012).  

Another problem associating with browning and 
necrosis of shoots during in vitro culture is calcium 
deficiency. Calcium deficiency in plant can result from 
limited uptake of calcium ion and inadequate transport, 
because calcium is not remobilized or non-translocatable 
(Hepler, 2005). Smaller amount of calcium supply during 
in vitro culture is caused by low transpiration rate due to 
high humidity in the culture vessel and can introduce 
undesirable anions.  

Addition of supplemental calcium into culture medium 
has been proved to decrease the necrosis and dieback of 
explants in micropropagation of some plant species. 
Calcium chloride added into MS (Murashige and Skoog, 
1962) medium in range of 50-100 mg·L-1 efficiently pre-
vented necrosis and dieback of shoots of banana and 
plantains (Martin et al., 2007). De Block (1990) sugges-
ted the use of calcium gluconate instead of calcium 
chloride or other calcium salts to increase calcium levels 

in the medium without changing the concentrations of 
other ions. Calcium gluconate, an organic form of 
calcium, effectively reduced frequencies of shoot tip 
necrosis in pistachio shoot cultures although it did not 
prevent the occurrence of symptoms (Abousalim and 
Mantell, 1994). 

The objective of this work was to evaluate the 
effectiveness of ascorbic acid and calcium gluconate in 
eliminating tissue browning of three primocane-fruiting 
raspberry cultivars. The emphasis is particularly focused 
on the use of suitable substance concentration to 
decrease explant browning and shoot necrosis during 
raspberry micropropagation. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
Primocane-fruiting raspberry cultivars ‘Allgold’, ‘Erika’, and ‘Polka’ 
were grown in the greenhouse using drip irrigation under 10-12 h 
photoperiod (10-12 day h) at approximately 250 µmoles·m-2·s-1 
photosynthetic photon flux density (PPFD) at 22-25°C with 65-75% 
relative humidity. Standard cultural practices including spraying 
fungicide were applied when needed to keep the plants healthy. 
 
 
Culture initiation and subculture 
 
Ten-centimeter long actively growing apical shoots with removal of 
leaves, collected from healthy plants were washed under running 
tap water for 15 min and then surface-sterilized in a 1% (v/v) NaOCl 
solution containing few drops of Tween-20 for 15 min followed by 
rinsing four times in sterile distilled water. Nodal segments (0.5-1 
cm-long) were excised aseptically and cultured in 25 × 200 mm 
glass vials containing 12 mL MS medium supplemented with 30 
g·L-1 sucrose, 8 g·L-1 agar, 0.6 mg·L-1 6-benzyladenine (BA), and 
two kinds of supplement substances calcium gluconate and 
ascorbic acid. Five treatments consisting of control (0.6 mg·L-1 BA), 
0.6 mg·L-1 BA + calcium gluconate (0.5 and 1 g·L-1), and 0.6 mg·L-1 

BA + ascorbic acid (50 and 100 mg·L-1) were used in a completely 
randomized design with 10 replications (Table 1). Each replication 
consisted of 20 tubes and each tube contained one explant. The pH 
of medium was adjusted to 5.7 prior to autoclaving at 121C for 15 
min. Cultures were maintained at 23 ±2C, recommended by Isac 
and Popescu (2009) for raspberry micropropagation, under a 
constant lighting with a PPFD of = 27 µmol·m-2·s-1 at culture level 
provided by fluorescent lamps (36 W) and subcultured every 30 
days onto the same medium for shoot initiation and multiplication. 

After 30 days of culture, 2-5 cm-long shoots were separated, the 
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Table 2a. Effects of cultivar and medium composition in raspberry micropropagation 
on explant browning (30 days). 
 

Medium 
Browning explant (%) 

‘Allgold’ ‘Erika’ ‘Polka’ 

Control 42.5 ± 0.04c 27.5 ±0.08b 57.5 ± 0.04c 
1 30.0 ± 0.02b 25.0 ± 0.08b 32.5 ± 0.13b 
2 17.5 ± 0.05a 4.5 ± 0.11a 17.5 ± 0.05a 
3 27.5 ± 0.12b 37.5 ± 0.02bc 35.0 ± 0.11b 
4 45.0 ± 0.05c 62.5 ± 0.02d 40.0 ± 0.15b 

 

Mean separation within columns and factors by Duncan’s multiple range test; P ≤ 0.05. 
Means associated with different lower-case letters signify significant differences. 

 
 
 

Table 2b. Effects of cultivar and medium composition in raspberry micropropagation on shoot initiation rate (30 days) and survived 
shoots (60 days). 
 

Medium 
Shoot initiation rate (%) Survived shoots (%) 

‘Allgold’ ‘Erika’ ‘Polka’ ‘Allgold’ ‘Erika’ ‘Polka’ 

Control 87.5 ± 0.84bc 90.0 ± 0.01b 70.0 ± 1.68b 85.0 ± 1.19bc 88.5 ± 0.65bc 65.0 ± 1.19d 
1 90.0 ± 1.18b 100.0 ± 0.04a 80.0 ± 0.04b 85.0 ± 1.19bc 90.0 ± 1.68b 65.0 ± 2.06d 
2 100.0 ± 0.04a 100.0 ± 0.04a 100.0 ± 0.04a 100.0 ± 0.04a 100.0 ± 0.04a 100.0 ± 0.04a 
3 87.5 ± 0.84bc 82.5 ± 0.84c 90.0 ± 0.04b 77.5 ± 0.84cd 62.5 ± 1.88d 72.5 ± 1.88cd 
4 82.5 ± 0.84c 70.0 ± 1.19d 80.0 ± 1.68b 62.5 ± 0.84d 72.5 ± 1.46d 77.5 ± 1.19cd 

 

Mean separation within columns and factors by Duncan’s multiple range test; P ≤ 0.05. Means associated with different lower-case letters 
signify significant differences. 

 
 
 
An addition of 1 mg·L-1 calcium gluconate into MS 
medium containing 0.6 mg·L-1 BA at shoot induction 
stage resulted in highest shoot development rate for 
three cultivars. Cultivar ‘Polka’ showed the lowest 
survival rate (observed at 60 days after initiation). 
Clusters of 2-3 shoots per explant were developed within 
30 days in all three cultivars. Nodal segments also 
developed calli at the base of each explant (Figure 1B). 
Browning symptoms appeared at first seven days of 
culture initiation. Severe browning symptoms on the 
entire parts of explants caused the death of explants that 
makes them unable to generate shoot (Figure 1C).  

After 30 days of culture initiation, the initiated shoots 
were sub-cultured into the same medium for shoot 
multiplication. The shoot necrosis symptoms appeared at 
this stage. Addition of 1 g·L-1 calcium gluconate was 
observed to be effective in reducing frequency of shoot 
necrosis (Figure 2). Despite its beneficial effect to reduce 
shoot necrosis symptoms on in vitro culture, addition of 
calcium gluconate resulted in slower growth of shoot and 
reduced multiplication rate for cultivars, ‘Allgold’ and 
‘Erika’, compared to control medium (BA 0.6 mg·L-1). 
However, in ‘Polka’, addition of 1 g·L-1 calcium gluconate 
into culture medium reduced shoot necrosis symptoms, 
but did not reduce the rate of shoot growth. Presence of 
ascorbic acid at both concentration of 50 and 100 mg·L-1 
in culture  medium slightly  prevented  necrosis  in ‘Polka’ 

and ‘Allgold, but not in ‘Erika’. 
Browning symptoms and shoot necrosis showed 

negative correlation with shoot initiation rate and survived 
shoots. The lower explants browning and shoot necrosis 
resulted in higher shoot initiation rate and survived shoots 
and vice versa (Figure 3). There were significant 
differences on shoot number and shoot weight among 
cultivars and medium compositions after 60 days of 
culture (Figure 4A). Slow shoot multiplication of ‘Allgold’ 
and ‘Erika’ due to addition of calcium gluconate was 
indicated by their lower number of shoots per explant 
than the control (Figure 4A). Calcium gluconate supple-
mentation also led to lower weight of shoot on cultivar 
‘Erika’ (Figure 4B). On the other hand, addition of 
ascorbic acid into culture medium significantly increased 
shoot weight of all cultivars. The shoot weight of ‘Polka’ 
was increased with increasing the concentrantion of 
ascorbic acid. Shoot weight of ‘Allgold’ and ‘Erika’ 
increased at 50 mg·L-1 ascorbic acid but decreased at a 
concentration of 100 mg·L-1 (Figure 4B).  

After 30-45 days of culture in shoot multiplication 
medium, raspberry shoot clusters were ready to transfer 
onto the rooting medium. Culture shoots rooted within 30-
45 days (Figure 1E) and they were planted and main-
tained in the greenhouse. The survival rate of acclimated 
planlets reached 90-95% and abnormalities in plant 
development were not observed.  
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DISCUSSION 
 
Effects of genotype on shoot initiation rate  
 
Raspberry cultivars used in this study required different 
period to initiate shoot. Node culture of ‘Erika’ showed 
shoot initiation earlier than those of ‘Polka’ and ‘Allgold’. 
Plant genotype often profoundly affects explant response 
to in vitro culture as proposed by Burbulis et al. (2012). 
Similar observation on other raspberry cultivars was 
reported by Georgieva et al. (2004) where raspberry 
cultivar ‘Bulgarski Rubin’ started shoot initiation three 
weeks after culture initiation while ‘Shopska Alena’ 
started one week later. The different responses of 
raspberry cultivars in in vitro culture might be caused by 
the endogenous hormonal balance in plant tissue as 
mentioned by Tanaka et al. (2012) that the difference in 
adventitious bud regeneration between cultivars might be 
caused by differences in endogeneous hormones levels 
between cultivars.  
 
 
Effects of calcium gluconate on shoot necrosis and 
plant growth 
 
To eliminate shoot necrosis during micropropagation, 
calcium gluconate was used in a range recommended by 
previous reports on same cases. The use of 0.5 and 1 
g·L-1 calcium gluconate in this experiment was in 
consideration with the finding of Singha et al. (1990) 
which mentioned that 0.03-3.0 g·L-1 calcium gluconate 
could effectively reduce shoot tip necrosis in shoot 
cultures of quince. Visible symptoms of shoot necrosis in 
primocane-fruiting raspberry culture showed a pale brown 
necrosis developed at the tips and margins of young 
leaves that spread to whole microshoots, and subse-
quently became darkened and eventually, the shoots 
died. These symptoms also occurred in Pistachia 
meristem culture where calcium deficiency was a 
problem (Abousalim and Mantell, 1994). Calcium is a 
major anion in plant cell and plays a key role in many 
physiological processes in plants. Thus, calcium 
deficiency could result in disturbance of metabolic 
activities of growing tissues, which in turn result in growth 
abnormalities such as shoot necrosis (Bairu et al., 2008). 

Addition of 1 g·L-1 calcium gluconate was found to be 
effective to reduce frequency of explants browning and 
shoot necrosis on all raspberry cultivars. Alleviation of 
shoot necrosis by using calcium gluconate to increase 
calcium concentration in culture medium, as in this study, 
has been demonstrated in Pistachio (Pistacia vera) 
(Abousalim and Mantell, 1994), where calcium supple-
mentation in MS medium using 1.5 and 3.0 g·L-1 calcium 
gluconate significantly decreased shoot tip necrosis and 
increased shoot length and bud number. Despite its 
benefit to reduce shoot necrosis, presence of calcium 
gluconate in medium reduced shoot multiplication  rate of  

 
 
 
 
cultivars ‘Allgold’ and ‘Erika’. An increase of calcium salts 
in medium of quince culture was reported to cause 
reduction of shoot proliferation and growth (Singha et al., 
1990). Giel and Bojarczuk (2011) mentioned that small 
amount of calcium salts in the growth substrate 
stimulates seedling growth of rhododendron cutting, while 
an excessively high calcium content of the substrate, 
inhibited their growth and development. 

The reduction of raspberry explant growth in cultivar 
‘Allgold’ and ‘Erika’ is suggested as an indirect influence 
of calcium on plant cell as proposed by Singha et al. 
(1990). One of the important roles of calcium within plant 
cells is to determine the structural rigidity of the cell wall. 
High concentration of calcium will rigidify the cell wall and 
make it less plastic resulting in slow cell division and 
tissue elongation (Hepler, 2005). Thus, from this mecha-
nism, it can be assumed that elevating the Ca2+ 
concentration could reduce shoot multiplication. How-
ever, the effects of calcium on growth and development 
of plants is a complicated mechanism as Ca2+ influences 
plant growth through its role in cell wall structure, cellular 
membrane system, cell division, and its interaction with 
plant growth regulators (Poovaiah and Leopold, 1973) . 

In this study, differential expression of shoot multi-
plication rate among genotypes of primocane-fruiting 
raspberry cultivars was observed in the presence of 
calcium gluconate in culture medium. These results could 
be attributed to the complicated interactions between 
calcium and plant hormones, which is varied among 
cultivars. Santner et al. (2009) suggested that many 
growth regulators (plant hormones) could potentially 
affect the plant susceptibility to Ca2+. Specific growth 
regulator produced at different plant tissues, cultivars and 
developmental stages could potentially regulate plant 
Ca2+ uptake and translocation.  
 
 
Effects of ascorbic acid on shoot necrosis and plant 
growth 
 
To eliminate shoot necrosis during micropropagation, 
ascorbic acid in a dosage of 50 and 100 mg•L-1 was also 
used in this experiment by considering recommendation 
by Cassels and Minas (1983). They suggested that the 
high concentration of ascorbic acid (above 50 mg•L-1) is 
effective to control the shoot necrosis on Pelargonium 
micropropagation.  

Ko et al. (2009) also mentioned that the use of ascorbic 
acid was found to be effective to prevent the develop-
ment of lethal browning on tissue culture of cavendish 
banana. In this study, addition of ascorbic acid in culture 
medium significantly reduced explant browning and shoot 
necrosis on cultivar ‘Polka’ although less effectively than 
the addition of calcium gluconate. On the other hand, 
addition of 100 mg·L-1 ascorbic acid resulted in higher 
explant browning and shoot necrosis on cultivar ‘Erika’ 
compared   to   control   medium.  Different   response  of  



 
 
 
 
raspberry cultivars to application of ascorbic acid can be 
resulted from the interaction between ascorbic acid and 
phenolic compounds. Ascorbic acid in high doses causes 
the production of large amount of hydroxyl radicals by 
reducing oxygen in the presence of transition iron and 
copper (John and Borut, 2007) available in culture 
medium. The large amount of hydroxyl radicals was 
absorbed and quenched with the excess of phenols (Jin 
and Russel, 2010) produced by cultivar ‘Polka’ while in 
cultivar ‘Erika’, the production of phenols might be not 
sufficient to extinguish those hydroxyl radicals. As the 
level of hydroxyl radicals overcome endogenous phenolic 
content in ‘Erika’, oxidative reactions might intensively 
occur and lead to high level of explant browning and 
necrosis (Jin and Russel, 2010).  

Presence of ascorbic acid in culture medium of three 
cultivars of primocane-fruiting raspberry significantly 
affected the growth of cultures. The response of each 
cultivar on the addition of ascorbic acid was different. In 
cultivar ‘Polka’, shoot weight increased with the increase 
of ascorbic acid concentration to 100 mg·L-1, while in 
‘Allgold’ and ‘Erika’, it increased at 50 mg·L-1 ascorbic 
acid and then decreased when the concentration was 
100 mg·L-1. The decreased weight could be due to high 
level of explants browning and necrosis in ‘Allgold’ and 
‘Erika’ at 100 mg·L-1 ascorbic acid. The effects of ascorbic 
acid on the plant growth were previously reported in 
some crops. Bathia and Ashwath (2008) found that 
addition of ascorbic acid in the range of 30-480 µM into 
medium could significantly promote in vitro shoot growth 
of tomato. They stated that quality of regenerated shoots 
could be improved by using ascorbic acid due to its 
function to oxidize growth inhibitory substances produced 
in tomato in vitro culture. Antioxidants including ascorbic 
acid may affect morphogenic processes by providing 
protection against oxidative stress (Leshem, 1988). 
Addition of antioxidants into tissue culture medium also 
enhances the development of isolated cells and tissues 
(Khan et al., 2011).  

In conclusion, the present study clearly documented 
the effects of calcium gluconate and ascorbic acid on the 
shoot necrosis and growth of explants in vitro from nodal 
segments. Diverse responses were observed for shoot 
initiation rate among primocane-fruiting raspberry culti-
vars related to calcium deficiency that induced necrosis 
and dieback of explants. Generally, addition of calcium 
gluconate decreased explants browning and shoot 
necrosis during micropropagation of all raspberry culti-
vars used in this experiment. The decreasing explants 
browning and shoot necrosis then resulted in increasing 
shoot initiation rate and survived shoots. Therefore, an 
addition of 1 g·L-1 calcium gluconate into MS medium 
containing 0.6 mg·L-1 BA at shoot induction stage is 
recommended to promote shoot initiation and to get more 
viable shoots. We suggest this method is sui-table for 
shoot multiplication without explant browning and shoot 
necrosis.  
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