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the present study explored an alternative approach for poplar micropropagation, based on the restriction 
of gas exchange between inside and outside environments of culture vessel, rather than on the application 
of exogenous hormones. Apical and nodal stem segments (explants) excised from in vitro-developed 
shoots of hybrid white poplar (Populus alba L. × P. tremula L.) were incubated in either sealed (with 
Parafilm) or unsealed capped glass culture tubes (150 × 20 mm) on a hormone-free Woody Plant Medium. 
Shoot proliferation on apical explants was observed in sealed culture tubes but not in the unsealed ones; 
the difference between these two samples in respect of shoot number increased in the course of time and 
became threefold after three months of culture, with 3.2 ± 0.4 (mean ± SE) shoots per explant in the sealed 
tubes versus 1.1 ± 0.1 in the unsealed ones (for comparison, the mean shoot numbers on nodal explants 
were 2.4 ± 0.3 and 3.4 ± 0.4 in the unsealed and sealed culture tubes, respectively). Moreover, the shoots 
taken from the sealed culture tubes could be distinguished by superior shoot length, if compared to the 
shoots from the unsealed tubes, during the subsequent culture stage under uniform conditions.
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introduction

Various reasons contribute to the current interest in white poplar (Populus alba L.) 
and its hybrids, including considerations on energetic plantations [29], the potential 
of these trees in phytoremediation of soils [3, 5], and the ornamental value of select-
ed individuals or cultivars [26, 30]. In order to increase the effect of poplar breeding 
for particular purposes, selection of the most promising genotypes and clonal lines 
should be accompanied by effective and convenient methods for vegetative propaga-
tion. 

two main alternatives are usually suggested for the clonal propagation of poplars 
(including white poplar and its hybrids): either propagation from root cuttings or 
micropropagation through plant tissue culture [27]. The latter option is more suitable 
for continuous plant multiplication, since the number of plant-regenerating poplar 
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shoots can be increased by various in vitro manipulations [32]. On the other hand, this 
type of laboratory work is inseparable from the relatively high costs imposed by the 
necessity of specific technical equipment and, in most cases, also from exogenous 
plant hormones to be added to the nutrient medium. Different hormones are usually 
applied for two different purposes (cytokinins for shoot multiplication and auxins for 
rooting) and, accordingly, the studies of Populus sp. micropropagation usually aim at 
the determination of a proper balance between these hormones in the nutrient medium 
at distinct culture (shoot multiplication or rooting) stages [15, 23]. Interestingly, an 
earlier research work by González et al. [11] on aspen (Populus tremula) shoot cul-
tures, although conducted on the standard shoot multiplication medium enriched with 
both cytokinin (higher concentration) and auxin, indicated that both shoot prolifera-
tion and root formation during aspen in vitro culture also required the hormonal 
action of ethylene. Since the increased accumulation of ethylene gas in tightly sealed 
plant culture vessels is a well-known side effect of in vitro culturing [2, 4], it seemed 
promising to test the impact of additional sealing on plant development, while 
employing a hormone-free nutrient medium. Positive results (mainly, in terms of 
shoot proliferation) were obtained with aspens while culturing them in tightly sealed 
low-volume petri dishes, indicating that restricted gas exchange can substantially 
reduce the need for exogenous hormones [37]. 

while accumulation of ethylene in culture vessels is also recommended by some 
of the studies conducted on other plant species [7, 21], it is by far not a common 
consensus among plant biologists. Many authors [17, 18, 20, 22, 35] concluded that 
ethylene accumulation and subsequent action in culture vessels should be restricted 
by ventilation, absorption, or the inhibition of either ethylene synthesis or action, in 
order to avoid ethylene-triggered impairment of shoot formation and development. 
Considering this problem, the study by Lai et al. [16], in which the best rates of axil-
lary shoot proliferation in papaya tissue culture were obtained not by mere inhibition 
but by the precise control of ethylene concentrations during the period of culturing, 
might be suggestive. Moreover, inherited physiological characteristics of plants can 
also be very important in respect of the possible reaction of the given plants to 
higher or lower ventilation rates during in vitro culture. For instance, as the studies 
by El Meskaoui and Tremblay [8, 9] on black spruce embryo cultures indicated, quite 
a precise level of ethylene is required for the production of high number of mature 
somatic embryos, the addition of ethylene inhibitors to the maturation medium had 
different effects in this respect on the embryogenic cell lines with different capacities 
of ethylene biosynthesis. 

Such an ambiguity among ethylene-related reports implies the necessity to test 
experimentally if the approach of deliberately restricted (by Parafilm-sealing) ventila-
tion for the tissue cultures of hybrid white poplar might have a beneficiary effect 
when seeking to propagate poplars on hormone-free nutrient medium.
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materialS and methodS

Experiments were conducted on the tissue culture of the hybrid tree ‘51DhPL022’ 
(Populus alba L. × P. tremula L.) referred to in the Lithuanian Forest Seed Base 
Catalogue. The original culture was established from isolated shoot segments with 
vegetative buds, collected from the donor tree, on Woody Plant Medium (WPM; [19]) 
containing 25 g l–1 sucrose, 4 g l–1 Gelrite, and 0.5 mg l–1 6-benzylaminopurine 
(BAP), with all the chemicals obtained from Duchefa Biochemie (Haarlem, The 
Netherlands). The culture was further maintained in vitro through successive pas-
sages which were usually done every two months, while bap was removed from the 
nutrient medium ten passages (approximately two years) before this study. New 
explants for the experiments were obtained as the leafless apical and nodal stem seg-
ments (with 2–3 axillary buds) were prepared from in vitro-developed shoots and 
planted further on a fresh nutrient medium. The WPM used for the experiments did 
not contain any hormones or hormone-related growth regulators. The set pH value 
was 5.0, adjusted before autoclaving the medium for 30 min at 121 °C.

Glass culture tubes (150 × 20 mm) covered with plastic caps each were used for 
culturing of explants. Each culture tube contained 5 ml of the nutrient medium and a 
single stem explant inserted vertically. For the experimental purposes, half of the 
culture tubes (containing both apical and nodal explants) were additionally sealed 
with Parafilm (Pechiney Plastic Packaging, Chicago, the United States), placing two 
layers of film around the junction between a culture tube and its plastic cap. The in 
vitro cultures were maintained in controlled environment conditions under a 16 h 
photoperiod (white-light; irradiance 30 µmol m–2 s–1) and a temperature regime of  
25 °C/18 °C during day and night conditions.

The experimental design was aimed at testing of the influence of culture tube seal-
ing on the development of apical and nodal hybrid poplar explants through two sub-
cultures. Each experimental variant (in terms of explant type and culture tube sealing 
during the first subculture) consisted of three replicates, ten explants per replicate, 
and these were organized in a completely randomized design. 

experimental data were collected after one, two, and three months following cul-
ture establishment. For each particular explant, main shoot length and numbers of 
primary roots and of proliferated shoots, as well as largest leaf width and biggest root 
length, were recorded. After the shoots developed during the initial three-month 
period were collected (from all the experimental explant groups) and transferred to 
unsealed culture tubes containing fresh wpm, the data on the same morphological 
parameters were recorded at the end of the two-month period in the new subculture.

For the comparison of the obtained means, a two-tailed Welch’s t-test intended for 
use with samples having possibly unequal variances [34] was performed in Microsoft 
Excel 2003, calculating the probability that the means of two different treatments (in 
the present case, considering Parafilm-sealing of culture tubes) are equal. The differ-
ences between means are treated as significant if this probability is less than five 
percent (p < 0.05), while two lower levels of the probability of no difference, P < 0.01 
and p < 0.001, are also indicated in the data (when applicable). 



Hybrid poplar propagation on a hormone-free medium 349

Acta Biologica Hungarica 65, 2014

reSultS

the results obtained during this research showed that sealing of culture tubes with 
Parafilm did not have, in most cases, significant effect on main shoot length of the 
studied hybrid white poplar explants during the initial subculture (Fig. 1). Although 
the average shoot length tended to be somewhat smaller in the sealed culture tubes 
than in the unsealed ones, a significant difference between the two in this respect was 
recorded only in the group of apical explants after the culture period of two months. 

it is to be noted that shoot elongation was quite restricted in all the explant groups 
during the first month of culture (Fig. 1). In contrast, the second month was distin-
guished by particularly intensive shoot growth, and the average shoot length reached 

Fig. 1. main shoot length (mean ± SE) of hybrid poplar apical (A) and nodal (N) explants cultured in 
differently sealed (with or without Parafilm) glass tubes during a three-month period. Significant differ-
ences between the corresponding samples grown in Parafilm-sealed and unsealed culture tubes are indi-

cated as follows: *p < 0.05

Fig. 2. number of roots (mean ± SE) on hybrid poplar apical (A) and nodal (N) explants cultured in dif-
ferently sealed (with or without Parafilm) glass tubes during a three-month period
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after two months of culture was only very slightly increased during the third month. 
the shoot growth vigour observed during the second month of culture can be at least 
partially attributed to the preceding formation of root system, which largely occurred 
during the first month (Fig. 2). Meanwhile, the increase in root number was limited 
during the second to third month of culture. No significant differences were observed 
between average root numbers in sealed and unsealed culture tubes. However, in 
unsealed tubes, root formation on the nodal explants was somewhat inferior in com-
parison to the apical explants during the first two months of culture, while such kind 
of difference between apical and nodal explants was absent in the sealed tubes.

in contrast to root formation, the intensity of shoot proliferation increased towards 
the end of the initial three-month subculture (Fig. 3). Shoot numbers reached maxi-
mum values during the third month of culture, when the elongation of the main shoot, 

Fig. 3. number of shoots (mean ± SE) on hybrid poplar apical (A) and nodal (N) explants cultured in 
differently sealed (with or without Parafilm) glass tubes during a three-month period. Significant differ-
ences between the corresponding samples grown in Parafilm-sealed and unsealed culture tubes are indi-

cated as follows: **p < 0.01, ***P < 0.001

table 1
Characteristics (mean ± SE) of hybrid poplar plants (obtained from the shoots formed 

in differently sealed tubes during the initial three-month culture) after a following two-month 
subculture in unsealed culture tubes

explant type 
in the initial 
subculture

Parafilm seal-
ing in the initial 

subculture

Shoot length, 
mm

leaf width, 
mm

Shoot number 
per explant

root number 
per explant

root length, 
mm

apical
– 45.5 ± 5.8  9.1 ± 0.6 1.3 ± 0.2 3.6 ± 0.4 63.0 ± 10.4
+ 61.1 ± 3.5* 10.6 ± 0.5 1.2 ± 0.1 2.9 ± 0.2 75.0 ±  4.6

nodal
– 49.0 ± 3.4 10.4 ± 0.7 1.1 ± 0.1 2.8 ± 0.4 69.5 ±  5.7
+ 70.1 ± 5.3** 11.5 ± 0.6 1.2 ± 0.1 2.6 ± 0.3 86.7 ±  7.5

Significant differences between the samples grown (during the initial subculture) in Parafilm-sealed 
and unsealed culture tubes are indicated as follows: *p < 0.05, **P < 0.01.
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as stated above, was already negligible. Importantly, it was found that Parafilm-
sealing was a decisive factor in the maintenance of shoot proliferation on apical 
explants, since adventitious shoot development on such explants was negligible in the 
unsealed culture tubes. The difference between sealed and unsealed culture tubes (in 
terms of shoot number per apical explant) increased in the course of time and became 
threefold after three months of culture, with 3.2 ± 0.4 (mean ± SE) shoots per explant 
in the sealed tubes versus 1.1 ± 0.1 in the unsealed ones. Meanwhile, in the case of 
nodal explants, the mean shoot numbers (after three months) were 2.4 ± 0.3 and 
3.4 ± 0.4 in the unsealed and sealed culture tubes, respectively, and this difference, in 
contrast to the results obtained with apical explants, was statistically not significant.

Following the observation of increased shoot proliferation in sealed culture tubes, 
it was important to test how the shoots transferred from either sealed or unsealed 
tubes would further develop under uniform conditions. After the subsequent culture 
stage in unsealed culture tubes, it was found that the shoots taken from the sealed (in 
previous subculture) tubes were distinguished by superior shoot length, if compared 
to those from the unsealed tubes (Table 1). In contrast, in respect of other considered 
characteristics of plant development, no significant differences were found between 
the shoots previously grown in differently sealed culture tubes.

diScuSSion

increased number of hybrid poplar shoots produced by a single apical explant can be 
considered among the most important practical outcomes of the culture tube sealing 
with Parafilm. Shoot multiplication in plants is related to the activity of certain inter-
nal factors, with cytokinins usually recognized as key hormones during the aforemen-
tioned process [6]. Accordingly, the protocols for poplar micropropagation usually 
recommend a supplement of cytokinins for the nutrient medium during shoot multi-
plication stage [23, 24]. However, as it was demonstrated in the present study, 
enhanced shoot formation can be achieved also on a hormone-free nutrient medium 
merely by sealing of culture tubes. In the given context, particular attention should be 
paid to the gaseous plant hormone ethylene, since Panizza et al. [21], working with 
the in vitro culture of lavandin, have reported on the essential role of ethylene in 
cytokinin-inducible shoot proliferation. Although the exact levels of ethylene gas 
inside the culture tubes were not measured during the present study, the fact that 
additional sealing of culture vessels lead to increased amounts of accumulated ethyl-
ene is thoroughly established by other plant tissue culturists [14]. Thus, increased 
shoot proliferation under the conditions of reduced ventilation might be related to the 
reported ability of ethylene to cause defects in apical dominance through the decrease 
of auxin to cytokinin ratio [12]. Polar (basipetal) auxin transport is known to contrib-
ute largely to apical dominance through the prevention of axillary bud outgrowth 
[31], as well as to the inhibition of adventitious shoot formation in poplars [33]. 
Turning to the present study, the necessity to use nodal explants (without apical bud) 
in order to obtain some level of shoot proliferation in unsealed culture tubes further 
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suggests that normal, axillary shoot ougrowth-restricting action of auxin was proba-
bly impaired in the apical explants by the sealing of culture tubes.

the results of the second subculture indicate that culture tube sealing with 
Parafilm, besides increased shoot multiplication rate, can also lead to an increase in 
shoot length during the subsequent culture. Interestingly, during a similar study previ-
ously done on aspen (Populus tremula) explants [37], the conditions suitable for 
ethylene accumulation resulted in both enhanced shoot elongation and shoot prolif-
eration simultaneously (during the initial subculture). The present results obtained 
with hybrid white poplar shoot culture suggest, however, that shoot elongation should 
be a secondary effect of sealing, possibly resulted from the increased activity of 
growth hormone gibberellin which is generally accepted by plant researchers to be 
responsible for shoot elongation [25], also in the genus Populus [10, 36]. The studies 
conducted on some flooding-resistant plant species (e.g., rumex palustris) revealed 
that strong enhancement of shoot elongation in these plants under submergence, 
although directly regulated by gibberellin, is enabled by plant-produced ethylene gas 
which is trapped and accumulated inside plant tissues due to the low rate of underwa-
ter diffusion, triggering a subsequent increase in gibberellin levels [1, 28]. Considering 
that both the sealing of explants in small-volume culture vessels and the flooding 
experienced by plants in the outside world result in the similar restriction of gas 
exchange between the internal and external environments [13]. This model might 
provide one of the possible explanations for the increased shoot elongation which is 
followed after the culturing of explants in sealed culture tubes. In any case, from an 
ecological point of view, it was important to show that the need of certain hormonal 
effects can be satisfied not only by the application of corresponding chemicals but by 
certain environmental manipulations (such as reduced ventilation) in respect of in 
vitro cultures.

In conclusion, the findings of the present study suggest a pivotal importance of 
tight culture vessel-sealing, seeking to multiply hybrid white poplar clones on hor-
mone-free nutrient medium.
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