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Abstract 
 
The effect of different hermetic and non-hermetic closure-types (aluminum foil, cotton bung, cotton plug, polypropylene 
cap and Steristopper) on potato (Solanum tuberosum L.) plantlets growth and chlorophyll contents was studied in three 
genotypes belonging to different maturity groups. Plantlets grown in culture tubes closed with aluminum foils and 
polypropylene caps had higher fresh mass and shoot length, but lower chlorophyll contents, higher senescence index and 
various morphological abnormalities. Non-hermetic closures like cotton plugs and Steristoppers were found optimum 
for plant growth without any morphological abnormalities. Besides, these plantlets exhibited low senescence index and 
had higher chlorophyll contents that favour acclimation to ex vitro conditions. 
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Introduction 
 
In plant tissue culture, vessel closure types have been 
found to affect plantlets growth and development (Lentini 
et al. 1988, Genoud-Gourichon et al. 1993). Culture tubes 
or vessels tightly sealed with closures have higher 
relative humidity (Bottcher et al. 1988) and water 
retention strength in semisolid culture medium (Debergh 
et al. 1981). Besides, hermetic closures inhibit the 
gaseous exchange (McClelland and Smith 1990, Zobayed 
et al. 2001) thereby altering the concentrations of 
ethylene and carbon dioxide in culture tubes/vessels, 
which results in abnormalities in plantlets morphology 
(Lentini et al. 1988, Perl et al. 1988, Genoud-Gourichon 
et al. 1993).  

In vitro cultures of potato (Solanum tuberosum L.) are 
especially sensitive to ethylene-induced growth 
abnormalities (Perl et al. 1988, Sarkar et al. 1999, 
Zobayed et al. 2001). Various types of phenotypic 

abnormalities, e.g., flaccidity, vitrification, abnormal 
swelling of the stem, excessive leaf senescence, aerial 
rooting, overall growth reduction, etc., are frequently 
observed when potato plantlets are grown in tightly 
sealed culture tubes and/or vessels (Perl et al. 1988, 
Sarkar et al. 1999). It has been shown that the 
photosynthetic capacity of potato plants cultured in vitro 
are higher in culture tubes with non-sealed closures than 
that in sealed closures (Kubota and Kozai 1991, Genoud-
Gourichon et al. 1993). Gas exchange in the culture tubes 
also affected the chlorophyll (Chl) contents (Haisel et al. 
1999, Pospíšilová et al. 1992, 2000). In the present 
investigation, the effect of different closure types on 
potato micropropagation (on semisolid medium) was 
studied. The present study also examined the relationship 
between the vessel closure-types and Chl contents (Chl a, 
Chl b and total Chl) in different potato cultivars.  
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Materials and methods 
 

Three tetraploid (2n=4x=48) potato (Solanum tuberosum 
L. ssp. tuberosum) genotypes belonging to different 
maturity groups, Kufri Ashoka (early maturing), Kufri 
Badshah (medium maturing) and Kufri Sindhuri (late 
maturing) were used in the present experiment. Three 
single node cuttings (SNCs) dissected from disease-free 
stock cultures of these genotypes were cultured per tube 
(25 × 150 mm) containing 13 cm3 semisolid (6.0 g dm-3 
agar) Murashige and Skoog (1962; MS) medium 
supplemented with 30 g dm-3 saccharose and growth 
additives (for details see Sarkar et al. 1997). Five 
different types of culture tube closures, viz., aluminum 
foils (AL), cotton plugs (CP), cotton bungs (CB), 
polypropylene caps (PC) (Himedia™, Mumbai, India) and 
Steristoppers (SS) (Heinz Hernez™, Hamburg, Germany) 
were used to close the culture tubes. The experiment was 
carried out in a factorial (5 × 3) completely randomized 

design (CRD) with five closure-types and three genotypes 
over two culture periods at 14 d interval. Each treatment 
comprised five replicate culture tubes. The cultures tubes 
were incubated under a 16-h photoperiod (irradiance of 
60 µmol m-2 s-1) at temperature of 24 ± 1 °C. Observa-
tions of growth parameters such as shoot height, number 
of green leaves per plant, leaf senescence index (Sarkar 
et al. 2002), fresh mass and Chl contents were recorded 
after 14- and 28-d incubation. Chlorophyll (Chl a, Chl b 
and total Chl) contents were estimated in dimethyl 
sulfoxide (Barnes et al. 1992) by DU®-64 spectropho-
tometer (Beckman Instruments, Fullerton, USA). The data 
were analyzed by three-way analyses of variance 
(ANOVA) using the standard procedure (Steel and Torrie 
1980), and the means were separated by Least Significant 
Difference (LSD) test. 

 
 

Results and discussion 
 

After 14 d in culture, in early maturing cv. Kufri Ashoka, 
closure-types did not show any significant  
(P ≤ 0.05) effect on shoot height, whereas in medium and 
late maturing cvs. Kufri Badshah and Kufri Sindhuri 
shoot height was significantly less when the culture tubes 
were closed with CB. However, closure-types did have 
significant (P ≤ 0.05) effects on shoot height in all three 
genotypes after 28 d; in cvs. Kufri Ashoka and Kufri 
Sindhuri maximum shoot height was observed in culture 
tubes closed with PC, whereas in cv. Kufri Badshah 

maximum shoot height was in culture tubes closed with 
CB. A significant increase in shoot height over the 
culture period occurred in cvs. Kufri Badshah and Kufri 
Sindhuri when the culture tubes were closed with AL and 
PC, and in cv. Kufri Ashoka when closed with AL, CB 
and PC (Table 1). 

In cvs. Kufri Badshah and Kufri Sindhuri, closure-
types did not have any significant (P ≤ 0.05) effect on 
number of green leaves per plant after 14 d. However, a 
significant increase in number of green leaves was 

 
Table 1. Effects of different culture tube closure-types on potato plantlets growth in vitro over two culture periods. Senescence index 
= √(x + 0.5) / √(y + 0.5), where x = number of senesced plus abscised leaves per plant and y = number of green leaves per plant.  
 

Cultivar Closure   
type 

Shoot height 
[mm] 

 Number of green leaves 
[plant-1] 

 Senescence index  Fresh mass 
[mg plant-1] 

 

  14 d 28 d 14 d 28 d 14 d 28 d 14 d 28 d 

Kufri CP 65.9   88.4 7.8   9.6 0.248 0.236   88.6 164.4 
Ashoka SS 81.4   80.2 7.7 10.3 0.247 0.216 101.1 178.0 
 PC 79.5 120.3 8.2 13.2 0.379 0.250 104.2 287.1 
 AL 70.9 106.3 6.8   7.9 0.353 0.335   90.8 238.4 
 CB 73.1   81.1 9.7   9.7 0.223 0.260 107.9 167.6 
Kufri CP 81.1   99.2 7.2   6.7 0.255 0.266   73.3 109.8 
Badshah SS 83.7   96.5 7.7   7.1 0.247 0.258   72.5   93.8 
 PC 76.7   97.1 8.0   6.6 0.276 0.283   74.9 119.5 
 AL 79.7 105.8 7.6   6.3 0.392 0.380   80.7 142.1 
 CB 63.6   68.3 6.3   6.1 0.271 0.280   62.7   86.1 
Kufri CP 67.9   75.1 8.9   6.6 0.232 0.311     5.3   91.5 
Sindhuri SS 78.3   92.2 9.2   7.3 0.228 0.317   55.8   95.1 
 PC 68.2 120.3 9.8 11.1 0.221 0.221   60.4 148.9 
 AL 67.0   95.4 9.3   7.3 0.227 0.382   53.9   96.3 
 CB 50.2   62.0 9.0   6.9 0.231 0.265   46.2   75.0 

LSD0.05  19.5  1.7  0.089    35.1  
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Table 2. Effects of different culture tube closure-types on chlorophyll (Chl) contents in potato plantlets in vitro.  
 

Cultivar Closure type Chl a [mg g-1 (f.m.)]   Chl b [mg g-1 (f.m.)]  Total Chl [mg g-1 (f.m.)]  
  14 d 28 d 14 d 28 d 14 d 28 d 

Kufri CP 0.42 0.53 0.25 0.30 0.68 0.83 
Ashoka SS 0.37 0.66 0.20 0.37 0.58 1.02 
 PC 0.25 0.23 0.15 0.13 0.41 0.36 
 AL 0.13 0.13 0.09 0.08 0.22 0.22 
 CB 0.31 0.51 0.19 0.30 0.51 0.80 
Kufri CP 0.29 0.37 0.18 0.23 0.49 0.60 
Badshah SS 0.28 0.43 0.18 0.25 0.48 0.68 
 PC 0.27 0.38 0.16 0.22 0.44 0.60 
 AL 0.20 0.21 0.12 0.13 0.33 0.34 
 CB 0.26 0.33 0.17 0.19 0.44 0.53 
Kufri CP 0.38 0.57 0.24 0.32 0.64 0.89 
Sindhuri SS 0.44 0.56 0.26 0.31 0.72 0.87 
 PC 0.37 0.54 0.22 0.30 0.60 0.85 
 AL 0.27 0.29 0.17 0.17 0.45 0.47 
 CB 0.49 0.66 0.30 0.37 0.81 1.03 

LSD0.05  0.09  0.06  0.14 
 

 
Table 3. Analyses of variance for potato plantlets growth parameters and chlorophyll (Chl) contents in closure-type experiment.  
** and * - significant at P ≤ 0.01 and P ≤ 0.05, respectively. 
 

Source d. f. Mean squares       
  Shoot height  Green leaves Senescence index Fresh mass  Chl a Chl b Total Chl

Culture period (C.p.)     1 14520.30**   0.04 0.01 155234.40** 0.47** 0.10** 0.86** 
Genotype (G)     2     749.91* 60.22** 0.01   79705.01** 0.31** 0.09** 0.76** 
C.p. × G     2       98.98 42.72** 0.03**   18637.32** 0.01 0.002 0.01 
Closure-type (C.t.)     4   2965.97** 17.39** 0.05**     8733.63** 0.31** 0.10** 0.77** 
C.t. × C.p.     4   1416.31**   7.03** 0.01     6284.80** 0.03** 0.01** 0.07** 
G × C.t.     8     493.44*   6.03** 0.01     1771.69* 0.05** 0.01** 0.12** 
C.p. × G × C.t.     8     235.90   3.83* 0.01     1500.08 0.01** 0.005** 0.04** 
Error 120     243.48   1.74 0.01       784.02 0.005 0.002 0.01 

 
 
recorded after 14 d in cv. Kufri Ashoka when grown in 
culture tubes closed with CB as compared to that with 
either AL or CP or SS. After 28 d, maximum number of 
green leaves developed in cvs. Kufri Ashoka (13.2) and 
Kufri Sindhuri (11.1) when the plants were grown in 
culture tubes closed with PC. However, closure-types did 
not show any significant (P ≤ 0.05) effect on number of 
green leaves per plant in cv. Kufri Badshah. In cv. Kufri 
Badshah, no significant (P ≤ 0.05) increase in number of 
green leaves occurred over the culture period. Number of 
green leaves increased over the culture period in cv. Kufri 
Ashoka in plants grown in culture tubes closed with CP,  
PC or SS. However, a decline in number of green leaves 
occurred in late maturing cv. Kufri Sindhuri after 28 d 
when the culture tubes were closed with AL, CB, CP or 
SS (Table 1).  

Senescence index is a measure of the ratio of senesced 
plus abscised leaves to green leaves. In late maturing cv. 
Kufri Sindhuri, no significant (P ≤ 0.05) difference in 

senescence index due to closure-type effect was observed 
after 14 d. A significant (P ≤ 0.05) increase in senescence 
index was, however, observed in cv. Kufri Ashoka with 
AL or PC, while in cv. Kufri Badshah with AL only. 
After 28 d, maximum senescence index was recorded in 
culture tubes closed with AL in all the genotypes. Except 
for AL, other closure-types did not have any significant 
(P ≤ 0.05) effect on senescence index. Senescence index 
increased significantly (P ≤ 0.05) over the culture period 
in cvs. Kufri Ashoka and Kufri Sindhuri when the 
microplants were grown in culture tubes closed with PC 
and AL, respectively.  

Closure-types did not have any significant (P ≤ 0.05) 
effect on fresh mass in all the genotypes after 14 d. In 
general, except in culture tubes closed with CB, a 
significant (P ≤ 0.05) increase in fresh mass occurred 
with all closure-types with increasing culture period. 
After 28 d, in cv. Kufri Ashoka, maximum fresh mass 
was obtained in cultures closed with PC (287.1 mg) 
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followed by AL (238.4 mg). In contrast, maximum 
microplant fresh mass in cvs. Kufri Badshah and Kufri 
Sindhuri was observed when the culture tubes were 
closed with AL and PC (Table 1).  

After 14 d, in early maturing cv. Kufri Ashoka, Chl a, 
Chl b and total Chl contents were highest in culture tubes 
closed with either CP or SS, and in all genotypes were 
least when closed with AL (Table 2). However, after 
28 d, Chl a, Chl b and total Chl contents were signi-
ficantly (P ≤ 0.05) maximum in cvs Kufri Ashoka and 
Kufri Badshah when the microplants were grown in 
culture tubes closed with SS. In cv. Kufri Sindhuri, 
maximum Chl (a, b and total) contents were observed in 
culture tubes closed with CB. However, Chl contents 
were invariably less in culture tubes closed with AL or 
PC.  

The analyses of variance showed that closure-type 
had significant (P ≤ 0.01) main effects on growth 
parameters and Chl contents (Table 3). Variation due to 
culture period was significant (P ≤ 0.01) for shoot height, 
fresh mass and Chl contents. Two-way genotype × 
closure-type interactions were significant (P ≤ 0.01 - 0.05) 
for all characters except for leaf senescence index. There 
were also strong closure-type × culture period inter-
actions (P ≤ 0.01 - 0.05) for shoot height, number of 
green leaves, fresh mass and Chl contents. This indicated 
that the closure-type effects on plant growth and Chl 
contents were not uniform over the culture period. Three-
way interactions involving closure-type × genotype × 
culture period were significant (P ≤ 0.05) only for  
number of green leaves and Chl contents, suggesting that 
the combined effect of closure-type and genotype was not 
uniform over the culture period.  

The results clearly documented that closure-types 
with varying degrees of permeability as used in this 
experiment had significant effects on the growth, 
morphology and Chl contents of the potato plants. AL 
and PC, which are least permeable to gas exchange, 
surprisingly sustained higher shoot height and fresh mass. 
This is in contrast to reported observations that higher 
shoot height and fresh mass were obtained in non-
hermetically closed cultures (Genoud-Gourichon et al. 
1993, Lucchesini and Sodi 2000). Higher fresh mass 
found in sealed vessels might be due to ethylene-induced  
swelling of the potato shoots (Zobayed et al. 2001). 

Morphological changes, viz., small folded leaves, hooked 
stem apices, stoloniferous shoots, callusing in shoot bases 
and higher senescence index were associated with AL 
and PC closures. Ethylene accumulation in culture tubes 
due to these closure-types might be responsible for 
inducing these types of growth abnormalities (Hussey 
and Stacey 1984, Jackson et al. 1991). As compared to 
PC closures, AL closures fostered lesser number of green 
leaves but higher senescence index. This could be 
explained by the fact that AL closures would perhaps 
have completely inhibited gas exchange thereby 
increasing the ethylene concentration in the culture tube 
head space.  

The lesser relative humidity and higher gas exchange 
in culture tubes closed with non-hermetic closures like 
CB, CP and SS would have increased the Chl contents. 
Smith et al. (1990) reported that reduced relative 
humidity of the culture vessel was associated with higher 
Chl contents in the leaves. Pospíšilová et al. (2000) 
obtained higher contents of Chl a, Chl b and high Chl a/b 
ratio in leaves of plantlets grown in Magenta boxes than 
those in glass vessels. Chlorophyllous plantlets have been 
found to have sufficient photosynthetic ability which is 
restricted by low concentration of carbon dioxide in the 
vessel during the photoperiod (Solarová 1989, Kozai 
1991, Kubota and Kozai 1991, Serret et al. 1997). Hence, 
non-hermetic closure-types would result in higher content 
of carbon dioxide during photoperiod leading to 
photoautotrophy of plantlets (During and Harst 1996, 
Serret et al. 1997). Photosynthetic ability of in vitro-
grown microplants favours further acclimation to 
conditions ex vitro (Kozai 1991, Serret et al. 1997). It has 
been reported that the use of cotton plugs reduced 
vitrification of shoots and increased the percentage of 
plantlets that successfully acclimatized compared to the 
use of glass caps (Lucchesini and Sodi 2000).  

In conclusion, it is apparent that culture tubes closed 
with non-hermetic closures like CP or SS fostered 
optimum microplant growth without any morphological 
abnormalities, and induced higher chlorophyll contents. 
Hence CP and SS are better suited than other closure-
types for efficient potato micropropagation and 
successful acclimation of micropropagated plants to 
ex vitro conditions. 
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