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ABSTRACT. The research aim was to identify some physical and chemical 
peculiarities of the culture medium for the Asparagus officinalis L. in vitro 
culture that influence the phytoinoculs organogenesis. The study focuses on 
adding 20g/l activated charcoal (AC) into the Murashige & Skoog with 
Gamborg vitamins solid medium, in culture vessels with different sizes: small 
(2/7 cm) and big (4/7 cm). The culture medium pH was measured 
before/after autoclaving or in day 3, 7, 14, 30, 60, 90 after inoculation. At the 
end of the experiment, from the perspective of organogenesis and 
hyperhydricity prevention, the best experimental option was the addition of 
AC in the medium placed in big vessels.  
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INTRODUCTION 
 
Asparagus officinalis L. is a monocotyledon species of the Liliaceae Family, 
the Order Asparagales, Class Angiosperms (Ulukapi et al. 2014). In vitro 
propagation technique can be of immense value in offsetting the pressure 
on natural populations, thereby conserving the species (Azad & Amin 
2019). This species is prone to hyperhydricity (Petruș-Vancea 2011, 2018; 
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Isah 2019), which is why, in the present experiments, we chose to use AC 
as a solution in its prevention.  

However, some components (parts) of the culture medium affect living 
inoculs (Ochatt & Revilla 2016). In his review, Thomas (2008) concluded 
that the majority of the reports confirmed the positive role of AC in medium 
promoting growth and development of plant tissues, but the author also 
reported the presence of research which confirms that AC induced negative 
results (Jan et al. 2020) in some systems. 

AC has been reported to act as a buffer (Moraes et al. 2005; Morales et 
al. 2006), its presence can also alter the culture medium pH value. The pH, 
respectively medium acidity, is a very important factor (George et al. 2008), 
which can be buffered with organic acids metabolised by the plant (Vacin & 
Went 1949), or conventional buffers, but with biological effects (De Klerk et 
al. 2008). Plant cell assimilating of nitrate ions leads to an alkaline pH, 
while NH4+ assimilating results in a more rapid shift towards acidity 
(Hyndman et al. 1982). Initial medium pH can influence the ultimate pH of 
the medium by influencing the uptake rate of nitrate and/or ammonium. 
Changes in the medium pH is influenced by the plant species, too (Ramage 
& Williams 2002). The pH changes in culture medium may offer valued 
information (Felle 2001), because there are many biological, physical, 
biochemical causes which can determined this change. The pH ensures the 
solubility of the salts in the culture medium, therefore influences the 
medium ingredients, and acts as a plant growth regulator, ensuring the 
additives assimilation, influencing chemical reactions and on the gelling 
efficiency of agar.  

On the other hand, there are significant differences between initial pH 
levels and pH levels following autoclaving, particularly in the pH range of 
5.7 to 8.5 (Skirvin et al. 1986). High autoclaving temperatures may cause 
the pH to drift. The changes in pH after autoclaving are less pronounced 
with increasing agar levels. Other factors which can influence medium pH 
include the autoclave type, position in the autoclave, mineral nutrients 
quality, especially nitrate and/or ammonium rate, the water quality used in 
medium preparation, and the autoclaving duration, or type of inoculum 
(Skirvin et al. 1986). 

The hypothesis from which we started in the present study was that AC 
influences the evolution of Asparagus inoculum, and this also depends on 
the size of the culture vessel. For this, we set out to study the growth rates 
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of Asparagus inoculums placed on culture medium with or without 
additional AC, in vessels with different sizes. 
 
 
MATERIALS AND METHODS 
 
Plant material, medium preparation, growth chamber conditions 
Uniform mini-cuttings of Asparagus officinalis L., from the biobase of the in vitro 
culture laboratory of the Biology Department, 6 months after the last subculture, 
were placed into small culture vessels (2/7 cm), containing 5 ml medium or big 
vessels (4/7 cm) (Table 1) with 20 ml Murashige & Skoog (1962) with Gamborg et 
al. (1968) vitamins (MS-G). The medium was solidified with 7 g/l agar and without 
growth regulators. The cultures were kept inside a growth chamber, at 24°C, under 
1700 lx light intensity provided by fluorescent lamps and a 16/8 h (light/dark) 
photoperiod. One hundred individual inoculs/experimental type were inoculated. 

All medium pH was adjusted to 5.3 with 0.5N KOH or HCI before addition of 20 
g/l AC, agar-agar, and autoclaving, and autoclaved at 121°C for 20 minutes. 

We used the WTW Multi 340i digital pH meter, to measure the pH of the culture 
medium with and without plant material, as follows: on the first day, before 
autoclaving, with or without the addition of agar-agar or AC, after autoclaving and 
until the last day of the experiment (at 3, 7, 14, 30, 60, 90 days after inoculation) 
(Table 1). 

One week after inoculation two types of infections appeared in the containers 
with AC: Clodistridium bacteria (whitish-looking colonies, wavy, wrinkled edges) 
and Cladosporium fungus (olive-green to brown or black colonies). Microorganisms 
have been identified exactly in a specialized medical analysis laboratory, on 
specific microbiological medium. 
 
Data analysis.  
The means and standard deviations (SD) were calculated, and all results were 
expressed as mean ± SD. The statistical significance of the differential effects of 
treatments was determined using a t test (Student test). All statistical procedures 
were performed using SPSS version 15.0 (SPSS for Windows, SPSS Inc., USA). 
 
 
RESULTS 
 
We found that the simple introduction of agar-agar increases the pH value 
of the liquid medium from 5.3 to 5.67, and the introduction of AC further 
increases the pH value, up to 5.9 (Table 2), which is already a high value, 



A. Petruș-Vancea et al. 
 

56 

in micropropagation. Autoclaving acidifies with 0.2 - 0.3 units the pH (Table 
2). 
 
 
Table 1. Experimental design (AC – activated charcoal; B – big vessel; L-length; 

MS – G – Murashige & Skoog (1962) salt medium with Gamborg et al. (1968) 
vitamins; no – number; S – small vessel). 

 

Experimental 
type  

Culture 
medium 
volume/ 
vessel 

Measurement 
period (days) 

Measurement  
type 

V0S – MS-G 
without AC, 
small vessel;  
 
V1SAC– MS-G + 
AC, small vessel; 

5 ml 
medium 
/  
small 
vessel: 
2/7 cm 

1 
 
3 
 
7 
 

14 
 

30 
 

60 
 

90 

Medium pH 
Roots no. 
Roots L. (cm) 
Propagules total no. 
Propagules no. with 0.0-0.9 cm 
Propagules no. with 1.0-1.9 cm 
Propagules no. with 2.0-2.9 cm 
Propagules with 3.0-3.9 cm 
Propagules no. with 4.0-4.9 cm 
Propagules no. with 5.0-5.9 cm 
Propagules no. with 6.0-6.9 cm 
Hyperhydricity grade  
Infestation grade 

V0B – MS-G 
without AC,  
big vessel; 
 
V1BAC – MS-G + 
AC, big vessel. 

20 ml 
medium 
/ 
big 
vessel: 
4/7 cm 

 
 

Table 2. The pH value detected in different stage of MS – G medium culture 
preparation (AC – activated charcoal; MS – G – Murashige & Skoog (1962) salt 
medium with Gamborg et al. (1968) vitamins; stdev – standard deviation).  

 

Abiotic factors 
pH value average ± stdev 

20g/l AC 7 g/l agar-agar Autoclaving 
- - - 5.30±0.10 
- X - 5.67±0.06 
X - - 5.94±0.05 
X X - 6.04±0.06 
- X X 5.47±0.12 
X X X 5.77±0.06 
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If on the first day, the media without AC started at pH of 5.47, and those 
with AC had pH 5.77, after autoclaving, regardless of the culture vessel 
size, during the 90 days, these values evolved similarly, according to 
whether or not to add coal (Fig. 1). Continuing to monitor the pH after 
inoculation of Aspargus minicuttings, at 7 days and at 14 days, in the case 
of mediums with AC addition, both in small and large containers, we 
obtained very high values of it, of 6.6-6.7 (Fig. 1). This has led to infections 
in large mouth containers (the big ones).  
 

 
 

Figure 1. Monitoring the pH of culture medium according to the culture medium 
variants: V0S - MS-G without AC, in small vessel; V1SAC– MS-G + AC, in 
small vessel; V0B - MS-G without AC, in big vessel; V1BAC - MS-G + CA, in 
big vessel (AC – activated charcoal; B – big vessel; MS – G – Murashige & 
Skoog (1962) salt medium with Gamborg et al. (1968) vitamins; S – small 
vessel). 

 
 

From the perspective of the culture vessel size, in the medium lacking 
20 g/l AC, the rhizogenesis, expressed both by the number of roots and by 
their length, was significantly higher in the group grown in large pots 
(4/7cm). Caulogenesis, on the other hand, was manifested by an even 
statistically very significant increase in the number of propagules in the 
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small containers, but the largest propagules with lengths up to 6.9 cm were 
recorded only in the group grown in big vessels (Table 3 and Fig. 2).  

 
 

Table 3. Growth rates of Asparagus officinalis regenerated plants at 90 days after 
inoculation on culture medium: V0S – MS-G without AC, in small vessel; V1SAC– 
MS-G + AC, in small vessel; V0B – MS-G without AC, in big vessel; V1BAC – MS-
G + CA, in big vessel (AC – activated charcoal; B – big vessel; L- length; MS – G 
– Murashige & Skoog (1962) salt medium with Gamborg et al. (1968) vitamins; 
no- number; S – small vessel). 

 

Measurement 
type V0S V1SAC 

t test I 
(p) 

V0S vs 
V1SAC 

V0B V1BAC 

t test II 
(p) 

V0B vs 
V1BAC 

t test III 
(p) 

V0S vs 
V0B 

t test IV 
(p) 

V1SAC 
vs 

V1BAC 

Roots no. 
0.19± 
0.51 

0.12± 
0.49 

0.33 
* 

0.22± 
0.94 

0.13± 
0.35 

0.37 
* 

0.45 
* 

0.46 
* 

Roots L (cm) 
0.05± 
0.22 

0.06± 
0.24 

0.44 
Ns 

0.11± 
0.47 

0.10± 
0.28 

0.51 
ns 

0.29 
* 

0.33 
* 

Propagules no. 
11.5± 
3.71 

7.88± 
3.98 

0.02 
** 

5.83± 
5.73 

7.07± 
3.92 

0.24 
* 

0.00 
*** 

0.28 
* 

Propagules no. 
with 0.0-0.9 cm 

6.95± 
2.06 

4.06± 
2.25 

0.01 
*** 

3.22± 
2.58 

4.87± 
3.56 

0.07 
** 

0.00 
*** 

0.22 
* 

Propagules no. 
with 1.0-1.9 cm 

1.62± 
1.77 

0.88± 
0.93 

0.06 
** 

0.61± 
1.20 

0.47± 
0.74 

0.34 
* 

0.02 
** 

0.09 
** 

Propagules no. 
with 2.0-2.9 cm 

1.71± 
1.35 

1.59± 
1.73 

0.40 
* 

0.72± 
1.32 

0.73± 
1.22 

0.49 
* 

0.01 
** 

0.06 
** 

Propagules no. 
with 3.0-3.9 cm 

0.62± 
0.92 

0.76± 
1.03 

0.32 
* 

0.72± 
1.53 

0.60± 
0.74 

0.39 
* 

0.40 
* 

0.31 
* 

Propagules no. 
with 4.0-4.9 cm 

0.19± 
0.40 

0.47± 
0.72 

0,06 
** 

0.06± 
0.24 

0.07± 
0.26 

0.45 
* 

0.11 
* 

0.02 
** 

Propagules no. 
with 5.0-5.9 cm 

0.48± 
0.87 

0.12± 
0.33 

0.05 
** 

0.22± 
0.94 

0.00± 
0.00 

0.18 
* 

0.19 
* 

0.09 
** 

Propagules no. 
with 6.0-6.9 cm - - - - 

0.33± 
0.82 

- - - 

Hyperhydricity 
grade ++ -  +++ -    

Infestation 
grade - -  - +    

Note: p - significance value: p<0.05 = ***very significance; p<0.1 = **significance; p<0.5 = * significance 
tendency; p>0.5 = ns - no significance. 
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An extraordinary fact was that on the medium with AC supplementation, 
the phenomenon of hyperhydricity, so frequent in in vitro culture, did not 
occur (Table 3). In contrast, we argue that due to the high pH, infections 
with microorganism in the growth chamber were developed on these 
mediums (Table 3). 
 

 
 

Figure 2. Aspects of Asparagus officinalis, at 90 days after minicuttings 
inoculation, depending on culture medium: V0S – MS-G without AC, in small 
vessel (A); V1SAC– MS-G + AC, in small vessel (B); V0B – MS-G without AC, 
in big vessel (C); V1BAC  – MS-G + CA, in big vessel (D) (AC – activated 
charcoal; B – big vessel; MS – G – Murashige & Skoog (1962) salt medium 
with Gamborg et al. (1968) vitamins; S – small vessel) (bars means 1 cm). 

 
 
DISCUSSIONS 
 
In the first part of Asparagus micropropagation the pH increases in the 
medium with AC, all pH values decrease with the in vitro retention time. We 
consider that this is due to the consumption of nutrients from the medium 
exercised by the phytoinoculs, which has organogenesis processes, after 
14 days of culture, so an intensive growth of it begins. Skirvin et al. (1986) 
reported a similar decrease at the 6-week testing period. 

Increasing pH in large vessel led to a higher contamination with 
Clostridium bacteria and the Cladosporium fungus, present in the growth 
chamber, on this occasion it was discovered the first sign of infestation in 
the growth chamber, followed by rigorous disinfection actions. The increase 
of pH value can be caused also to the higher gases (especially oxygen) 
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exchanges at the surface of culture medium leading to the formation of 
chemical oxidised acid species (Cachiță et al. 2004). In the narrow vessels, 
the pH value of medium was similar with the larger ones, but the 
contamination with Clostridium bacteria and the Cladosporium fungus was 
not observed probably due to physical nature factors (the small entrance 
gate). AC can influence the development of the bacteria that it comes in 
contact with. Nanocarbons can accelerate the development of 
microorganisms when immersed in culture medium observed in the early 
stages of research. The Escherichia coli bacterium has been shown to 
increase the adsorption of Pb (II) and Cd (II) salts and to decrease that of 
Cr (VI) from aqueous solutions by AC (Riviera-Utrilla et al. 2003). These 
results can be explained by the changes in surface charge density of the 
carbon when the bacterium is adsorbed and by considering the structural 
and chemical characteristics of the bacterial wall. In a culture medium, 
these processes lead to pH change. 

Visseur (1987) also reported that although the medium similar 
macronutrients to MS but more Ca2+ and PO4– pH decreased if it was 
solidified with agar, but on a 2-phase medium, the final pH was 6.9 ± 0.4 
even that it was initially 4.8, 5.5 or 6.2. The medium pH for shoot cultures of 
Disanthus cercidifolius changed from 5.5 to 6.5 over a 6week period, 
necessitating frequent subculturing to prevent the senescence onset, 
whereas in the medium prepared for Lapageria rosea, the pH, initially set to 
3.5-5.0, only changed to 3.8- 4.1 (Howard & Marks 1987). 

Other research reported that AC acidified an aqueous sucrose (5%) 
solution and culture medium by about 1 to 2 units after autoclaving (Pan & 
van Staden, 1999). The decrease was highest when 5% AC was added to 
the test solution and medium. The culture medium clearly had some 
buffering capacity as the initial decrease in pH was less pronounced with 
MS and B5 medium than with a 5% sucrose solution. Bretzloff (1954) 
suggest that the proportion of sucrose hydrolysed by autoclaving medium 
at conventional pH levels (5.5-5.8) should be negligible. Other authors 
reported that for stimulate Brassica microspore embryogenesis, the 
medium was supplemented with 150 g/l AC (Lichter 1982), and 0.002 g/l 
AC (Anu et al. 2004; Zdravković-Korać et al. 2004) being used for root 
induction in Capsicum sp. and Aesculus sp.. Armas et al. (2017) observing 
medium M19 effect on other loose leaf and romaine lettuce cultivars 
showed that the beneficial effect of AC was conditioned even by the lettuce 
genotype. Other species can be recalcitrance (Ochatt et al. 2010). 
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On the other hand, the addition of Cucumis callus to the medium 
accelerated the rate of pH change regardless of original pH (Skirvin at al. 
1986). The plant material has an active role in establishing an optimum pH. 
It also might be that the direction and extent of the pH change might be 
influenced by the parent plant's in vivo pH optimum. Such a hypothesis can 
only be verified by comparing species with known in vivo requirements. If 
this is true, then members of the Ericaceae - which require acid soils - 
should acidify the medium more than a species that prefers basic soils. The 
pH changes associated with modified MS should not be assumed by the 
authors to be identical for all medium. It is suggested that similar 
experiments be conducted in every tissue culture laboratory under the 
particular growing conditions available in that laboratory (Skirvin et al. 
1986). 

In our experiments, autoclaving led to lowering of the pH value, in all 
vessels - with and without presence of activated charcoal - probably caused 
by some decomposing processes of chemical oxidised acid species. The 
presence of activated charcoal in the culture medium has led to an increase 
of the pH value, especially in the big vessels, due to the larger contact 
surface with the atmosphere and to on inhibition of rhizogenesis and 
stimulation of caulogenesis, but with preventing of hyperhydricity in 
Asparagus officinalis L. in vitro regenerated plantlets. At the end of the 
experiment, after 90 days of culture, the pH value decreased in all the 
experimental variants, but this was lower in the medium without AC, 
because the charcoal actioned as buffer. 

We concluded that activated charcoal addition into medium from large 
containers was preferable for the cultivation of this species - provided the 
contamination in the growth chamber to be managed - because increase 
rhizogenesis, an important aspect if it is desired the plantlets 
acclimatization, but if subculture is wanted, we recommend small vessel 
and adding AC in culture medium. 
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