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Abstract       A micropropagation protocol via direct shoot organogenesis from 
Sinningia speciosa, Kohleria hirsuta, Streptocarpus x hybridus and Saintpaulia 
ionantha leaf explants was established in this study. The shoot induction was 
successfully achieved on Murashige and Skoog (MS) media supplemented with 0.2 
mg/L indole-3-acetic acid (IAA) and 0.5 mg/L benzylaminopurine (BAP). For 
improving shoot organogenesis, the ethylene inhibitor silver nitrate (AgNO3) was 
added to the regeneration media (MS + 0.1 mg/L NAA + 2 mg/L BAP). The results 
suggest that a significant influence of AgNO3 (7 mg/L) on the mean shoot number 
and length was observed on Sinningia and Kohleria compared to the variants of the 
proliferation media without AgNO3. The addition of AgNO3 in the regeneration 
media of Streptocarpus and Saintpaulia had no significant influences on the 
multiplication rate and the average length of the shoots but stimulated the clustering 
of shoots. After 6 weeks of in vitro culture, the regenerated shoots for all of the four 
analyzed Gesneriads species were individually divided and were rooted after 4 
weeks on ½ MS without hormones, with more than 70% of the shoots producing 
roots. Silver nitrate can be considered a valuable ethylene inhibitor for the 
micropropagation of Sinningia speciosa and Kohleria hirsuta.   
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The Gesneriaceae family contains 

approximately 3540 species [6], which mainly include 
tropical shrubs and herbaceous plants [7]. Many of 
these species are cultivated worldwide as houseplants, 
and Sinningia speciosa, Kohleria hirsuta, 
Streptocarpus hybridus and Saintpaulia ionantha are 
recognized as Gesneriads with valuable ornamental 
features. 

The gloxinia (Sinningia speciosa) is native to 
Brazil and produces single or double flowers in a 
variety of colors and corolla patterns [18]. Kohleria 
hirsuta is an ornamental species originated from Peru 
and Columbia with very attractive dark olive green and 
hairy leaves. The flowers are tubular, hairy and bright 
orange to red in color, with a spotted throat and appear 
on the plant throughout the year [17]. Streptocarpus x 
hybridus, commonly known as Cape primrose, is 
extensively cultivated worldwide as a flowering 
houseplant because of its aesthetic value given by 
attractive colors of the flowers [2]. African violet 
(Saintpaulia ionantha) is an economically important 
ornamental plant with many varieties which have 
different flower colors and shapes [10]. 

In the last century, the Gesneriads were 
mainly propagated by traditional methods (seeds and 
mainly leaf cuttings from the mature plants). Often, 

these propagation techniques were very time 
consuming and usually a limited number of plants were 
regenerated from mother plants [24]. Therefore, the 
development of valuable techniques that allow rapid 
multiplication of these plant species in a short time and 
limited space represent an important economic benefit 
for ornamental horticulture [19; 14; 13; 11; 12]. 

It is worth noting that micropropagation has 
become a reliable and routine approach for large-scale 
rapid plant propagation [15], but the accumulation of 
ethylene in culture vessels during in vitro plant tissue 
cultures may inhibit the growth of the shoots [23]. 
Although previous studies improved protocols for in 
vitro regeneration of Gesneriaceae [9; 22; 3; 1; 25], 
there have been very few reports regarding the 
influence of silver nitrate on in vitro plant regeneration 
of ornamental species in this family [23; 5]. 

Based on several reported benefits of using Ag 
+ sources for in vitro propagation, the objectives of this 
study were to evaluate the effects of AgNO3 on the 
direct organogenesis of shoots of four species of 
Gesneriaceae and to increase the efficiency of their 
multiplication rate. 
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Material and Method 
 

The plant material used in this study was 
represented by four hybrid varieties of Gesneriaceae: 
‘Avanti’ (Sinningia speciosa); ‘Carnival’ (Kohleria 
hirsuta); ‘Blue night’ (Streptocarpus hybridus) and 
‘The green’ (Saintpaulia ionantha). The mother plants 

have been selected based on flower characteristics and 
were purchased from three certified nurseries from 
North Wales, UK. All plant materials used in this 
research for tissue culture initiation were previously 
grown as potted plants in greenhouse conditions at 23 
ºC (Fig.1). 

 

 

 
Fig. 1. The varieties of the species used in this study for tissue culture initiation: ‘Avanti’-Sinningia speciosa (Fig. 1A); 
‘Carnival’-Kohleria hirsuta (Fig. 1B); ‘Blue night’-Streptocarpus hybridus (Fig. 1C); ‘The green’-Saintpaulia ionantha 

(Fig. 1D). 
 

To initiate in vitro culture, young leaves from 
mother plants were collected and washed gently in 
running tap water for 3 min to remove any surface 
impurities. The leaves were then cut into sections of 
approximately 7x 7 mm in size and were sterilized with 
20% commercial bleach ACE solution (Procter & 
Gamble, Romania; <5 % active ingredient) for 20min. 

After sterilization, the explants were rinsed 
three times with sterile deionized water and were 
aseptically inoculated into test tubes (5 cm×9.5 cm) 
containing Murashige and Skoog (1962) [21] medium 
(MS) supplemented with 2 % (w/v) sucrose, 0.2 mg L-
1 IAA and 0.5 mg L-1 BAP and solidified with 0.6% 
agar (Sigma-Aldrich Inc). The pH of culture medium 
was adjusted to 5.9 before autoclaving at 121 ̊C for 20 
min. The cultures were grown in culture room at 
24±1°C under 16/8 h light/dark cycle. Light was 
provided by white fluorescent lamps. 

Eight weeks after inoculation, the proliferated 
shoots were divided and individually transferred to 
culture jars containing   the regeneration media (MS + 
0.1 mg/L NAA + 2 mg/L BAP). The effects of AgNO3 
on the direct organogenesis of shoots of the four 
analyzed species of Gesneriaceae were studied by 
adding this ethylene inhibitor into the proliferation 
culture media and we compared the results obtained 
with the variants of the proliferation media without 
AgNO3. Adventitious shoots were separated (21 
days/subculture) and subsequently transferred 
aseptically to culture jars and subcultured at 24 ± 1°C 
under fluorescent white light (33,6 μmol m-2 s-1) 
conditions with a photoperiod of 16/8 h light and dark 
cycles. The average number of shoots and length were 
recorded after each 21 days of subculture in the 
regeneration culture media. 

After 6 weeks of in vitro culture the 
regenerated shoots for all of the four analyzed 
Gesneriads species were individually divided and were 

rooted after 4 weeks on ½ MS without hormones and 
the mean values of rooting percentages were 
calculated. 

The regenerated plantlets were subjected to 
acclimatization process. For this, the in vitro rooted 
plantlets were taken out from the culture jars, rinsed 
carefully with sterile deionized water and then planted 
into transparent plastic containers with lids filled up 
with humidified perlite. After four weeks, the plants 
were individually transplanted to plastic pots with a 
diameter of 6 cm and filled with a potting mixture 
made of peat, vermiculite and perlite (2:1:1) and 
hardened in greenhouse conditions.  

The experiments were carried out in a 
completely randomized design. For each Gesneriads 
variety, four culture jars with five proliferated explants 
(4x5inoculums) were evaluated for shoot 
multiplication. The in vitro rooting percentage was 
calculated before subjecting the in vitro plantlets to 
acclimatization. One-way ANOVA was used to assess 
the statistically significant differences between the data 
recorded.  When the null hypothesis was rejected, 
Tukey’s HSD test (P≤0.05) was performed to 
determine the means that were significantly different 
from each other. Values shown are means ± SE. 

 
Results and Discussions  
  
Effects of AgNO3 on shoot regeneration 

In this study, the effects of AgNO3 on the 
direct organogenesis of shoots in the four species of 
Gesneriaceae were studied by adding an ethylene 
inhibitor into the proliferation culture media (MS + 0.1 
mg/L NAA + 2 mg/L BAP). The results show that the 
addition of AgNO3 (7mg / L) in the regeneration media 
significantly improved the number of shoots / explant 
for the varieties of Sinningia speciosa (17.35) and 
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Kohleria hirsuta (15.72) we studied, compared with the 
treatments without added AgNO3 (Fig. 2). Our results 
agree with those obtained by Park et al., 2012 [23] who 
stated that the addition of an optimum concentration of 
AgNO3 (7mg/L) into the initial proliferation media had 
a stimulating effect for the proliferation rate of the 
Sinningia speciosa shoots.  

In case of the varieties regenerated from 
Streptocarpus hybridus and Saintpaulia ionantha, our 
results show no significant differences regarding the 
mean number of shoots/explants recorded in the 
variants of the regeneration media supplemented or not 
with AgNO3 (Fig. 2). 

 

 
Fig. 2. Effect of AgNO3 on the number of shoots of the four species of Gesneriaceae. The values shown are means ±SE. 
Different lowercase letters indicate significant differences between the treatments and different capital letters indicate 

significant differences among the species subjected to the same treatment, according to Tukey’s test. 
 

Our data show that the addition of AgNO3 in 
the regeneration media had no significant influences on 
the average length of the shoots but stimulated the 
growth of the shoot clusters, especially in the case of 
Streptocarpus and Saintpaulia varieties.  

 

In the case of these clusters, the average 
length of the shoots that were individualized was 
measured after their separation. It was noticed that 
Streptocarpus hybridus produced shoots with the 
highest mean value (3.53) of the length of the shoots 
(Fig. 3).  

 

  
Fig. 3. In vitro shoot multiplication of Gesneriaceae species: a - Sinningia speciosa; b - Kohleria hirsuta; c - 

Streptocarpus hybridus; d - Saintpaulia ionantha into the proliferation culture media MS + 0.1 mg/L NAA + 2 mg/L 
BAP supplemented with 7mg/L AgNO3. 

 
The results of this study confirm the 

hypothesis that although silver ions Ag+ applied 
exogenously in the form of AgNO3 in the culture media 
of plant tissues significantly regulate the activity of 
ethylene in most plant systems [15], its influence on in 
vitro plant regeneration depends on the experimental 
factors, among which the species and/or analyzed 
genotype play a key role [4; 8; 15;20].  

The effect of stimulating the proliferation rate 
in the Gesneriaceae varieties in this study by adding 
silver nitrate in the regeneration medium was also 
observed in some cultivars of others ornamental 
species such as Gardenia jasminoides (El-Ashry, 2018) 

[8], Anthurium andreanum (Cardoso JC, 2019) [4] and 
Rosa x hybrida (Matos et al., 2021) [20] cultivars. 
Moreover, in a previous study Kumar et al. (2009) [16] 
reviewed the use of  silver  nitrate  in  plant  
regeneration  and  concluded  that  this chemical 
promoted  growth and in vitro flowering.  

In the case of these clusters, the average 
length of the shoots that were individualized was 
measured after their separation. It was noticed that 
Streptocarpus hybridus produced shoots with the 
highest mean value (3.53) of the length of shoots (Fig. 
4). 
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Fig. 4. Effect of AgNO3 on the length of shoots of the four analyzed species of Gesneriaceae. The values shown are 
means ±SE. Different lowercase letters indicate significant differences between the treatments and different capital 
letters indicate significant differences among the species subjected to the same treatment, according to Tukey’s test. 

 
The effect of stimulating the proliferation rate 

in analyzed Gesneriace varieties by adding silver 
nitrate in the regeneration medium was also observed 
in some cultivars of others ornamental species such as 
Gardenia jasminoides [8], Anthurium andreanum [4] 
and Rosa x hybrid [20] cultivars. Moreover, in a 
previous study Kumar et al. (2009) reviewed the use of  
silver  nitrate  in  plant  regeneration  and  concluded  
that  this chemical promoted  growth and in vitro 
flowering[16]. 

  
Rooting and acclimatization of regenerated plants 

The regenerated shoots were individually 
divided and transferred to ½ MS media without growth 
regulators to induce root formation. The regenerated 

shoots were initially rooted after four weeks, with more 
than 72% of the shoots showed normal development of 
the root system. As shown in Fig. 5, the highest values 
for the rooting percentage were recorded at 
Streptocarpus hybridus (88.66%) and Saintpaulia 
ionantha (89.66%), but with no significant differences 
between them. Also, lower values of rooting 
percentages were recorded in Sinningia speciosa 
(72.66%) and Kohleria hirsuta (81.66%), significantly 
different compared to those obtained in Streptocarpus 
and Saintpaulia. Following to the acclimatization 
process, as mentioned before in Materials and methods, 
potted plants were irrigated with tap water at every 4 
days and successfully hardened as houseplants with 
80% survival rate after the 8th week. 

 

 
Fig. 5. The rooting percentage of in vitro regenerated shoots for all of the four Gesneriad species. The values shown are 

means ±SE. Different lowercase letters indicate significant differences among the species subjected to the same 
treatment, according to Tukey’s test.  
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As stated by El-Ashry et al., 2018 [8], one of 

the major obstacles of the in vitro propagation of some 
species is the rooting stage, strictly depending on the 
different genotypes, where the percentage of rooting 
may vary. In the case of the Gesneriaceae in our study, 
the rooting process was successfully done.       

After the acclimatization process, as 
mentioned before in Materials and methods, the potted 
plants were irrigated with tap water at every 4 days and 
successfully hardened as houseplants with 80% 
survival rate after the 8th week 
 
Conclusions 
 

The effects of AgNO3 on the direct shoot 
organogenesis of the shoots in Gesneriaceae was 
species dependent and silver nitrate can be considered a 
valuable ethylene inhibitor for shoots multiplication of 
Sinningia speciosa and Kohleria hirsuta. Although 
every species reacted differently in the rooting process, 
the final survival rates exceeded 70%, regardless of the 
species. 
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