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Abstract 
Different aspects of micropropagation through meristem culture for the pro-
duction of virus indexed source plants, in vitro tuberization and field evalua-
tion of the in vitro regenerated plants were studied on four commercial culti-
vars of potato (Solanum tuberosum L.) viz., Diamant, Cardinal, Shilbilati and 
Lalpakri. The investigation was conducted at Rajshahi, Bangladesh from De-
cember 2010 to March 2012 to produce virus-free potato plantlets through 
meristem culture, shoot multiplications with root induction as well as their 
acclimatization and evaluation of morphological characters and tuber yield 
under field condition. Shoot tips of 25 - 30 day old field-grown plants of 
above mentioned four cultivars were used for meristem isolation. After isola-
tion, meristems of these varieties of potato were cultured on “M” shaped filter 
paper bridge in Murashige and Skoog (MS) liquid medium. Four different 
treatments of media formulations viz. 0.1 mg/L KIN + 0.1 mg/L GA3, 0.1 
mg/L KIN + 0.5 mg/L GA3, 0.5 mg/L KIN + 0.1 mg/L GA3 and 0.5 mg/L KIN + 
0.5 mg/L GA3 were used as plant growth regulators. From these formulations 
MS + 0.1 mg/L KIN + 0.5 mg/L GA3 was found to be the best for the primary 
establishment of meristem culture. The primarily established meristems were 
subcultured on to MS semisolid basal medium supplemented with four dif-
ferent treatment combinations of hormones viz. 0.5 mg/L BA + 1.0 mg/L IBA; 
0.1 mg/L KIN + 0.1 mg/L GA3; 0.5 mg/L BA + 0.5 mg/L GA3 and 0.5 mg/L 
KIN + 0.5 mg/L GA3 were used to identify the suitable media compositions 
for shoot proliferation. Results showed that out of these four media treat-
ments the formulation 0.5 mg/L BA + 0.5 mg/L GA3 was found to be the best 
suitable for shoot generation. Among the four cultivars of potato higher fre-
quency of shoot proliferation (number of shoots/explant and longest shoot 
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length) was observed in Diamant, though the highest shoot formation (76%) 
was recorded in Cardinal. Virus free in vitro grown potato plantlets were ob-
tained through DAS-ELISA test and used substantially for micro-propagation. 
After gradual acclimatization of rooted plantlets of four potato cultivars, they 
were transferred into the field for cultivation and established successfully. It 
was observed from the field study of in vitro meristem-derived plantlets that 
there were no virus-affected plants. The virus-free exotic varieties were much 
superior in all vegetative attributes and yield compared to those of indigenous 
varieties with producing potato plants of normal height. In contrast, the in-
digenous varieties took a longer time to tuber initiation and maturity, lower 
plant height and number of leaves per plant, a higher number of tubers but a 
lower amount of tuber weight per plant, and poorer tuber grade than the ex-
otic varieties. However, the variety Cardinal exposed the best performances in 
the context of survival percentage of plantlets (90%), days to tuber initiation 
(DTI), a number of leaves per plant (NL), tuber weight per plant (343.40%) 
and the percentage of rich tuber grade. 
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1. Introduction 

Potato (Solanum tuberosum L.) is considered one of the most economically im-
portant vegetable crops of the world as well as in Bangladesh. It is recognized as 
every day used vegetable for Bangladeshi people and is substantially used to sup-
plement food requirements in Bangladesh after two cereal rice and wheat. It is 
enriched with starch, protein, fat, iron, magnesium, potassium, phosphorus, 
sugar and vitamin C. Potato can be used for the production of high-quality 
starch, alcohol, glucose, pectin, Sugar and by the product of high-quality pro-
teins and fodder [1]. It is the cheapest source of carbohydrates that is used as a 
supplementary diet to rice. As a food product potatoes are converted into potato 
chips, potato slices, French fries, etc. Potatoes are also a good source of minerals, 
at least 12 essential vitamins and extremely high content of vitamin C compare 
to other food crops [1]. It is mainly cultivated in winter season.  

The average yield of potato in Bangladesh is 13.32 - 18.08 ton/ha [2] [3] which 
is very low in comparison to other potato producing countries like 43.2 tha-1 in 
France, 44.7 tha-1 in Netherlands and 44.6 tha-1 in the USA in 2007 [4]. Its 
production can be increased up to 30 - 40 ton/ha using high yielding varieties 
and improved production technology [5]. The causes of such low production 
and non-profitability of potato cultivation might be due to lack of quality seeds 
of good varieties, unavailability and uneven distribution of certified seeds, in-
adequate storage facilities, high production cost, and short growing season are 
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noticeable [6]. Its productivity is also hampered due to the attack of a number of 
pests and diseases. The causal organisms of potato diseases include bacteria, 
fungi, viruses, viroids, mycoplasma and nematodes [7].  

As a vegetative propagule, the potato tuber preserves not only the desirable ge-
notype but also viruses and other tissue borne pathogens as well. However, once 
any part of a potato tuber is infected with a viral disease, the pathogen is transmit-
ted from one generation to thereafter. There are approximately 23 viruses and vi-
rus like organisms that cause disease in potato. The occurrence of viral disease is 
an important reason for causing low yield of potato in different varieties [8]. To 
overcome this situation Bangladesh needs to produce a sufficient amount of virus 
free foundation and certified potato seeds to mitigate the demand of its increasing 
population. Potato is vegetatively propagated by means of tubers. Researchers have 
found some results to eliminate virus from potato tubers through meristem culture 
technique [9]. Meristem culture was the first tissue culture approach successfully 
applied to obtain virus-free potato stocks. In potatoes, through this technique the 
isolated plant segments like meristem or shoot tips, node, internodes, leaves, etc. 
are cultivated aseptically in vitro in some artificial nutrient medium viz. MS [10] 
medium under controlled conditions.  

Due to farmer and consumer acceptability, particular attention should be 
given to the improvement of improving potato variety (IPV). The increase in the 
productivity of potatoes is related to disease-free quality seed. The objectives of 
this study are to produce virus free plantlets through meristem culture, shoot 
multiplications with root induction, evaluation of the in vitro regenerated plants 
with morphological characters and tuber yield under field condition. Therefore, 
it would be logical to undertake the present investigation applying the meristem 
culture technique for getting virus free plantlets to improve potato variety.  

2. Materials and Methods 
2.1. Experimental Site, Planting Materials and Reagents  

The experiment was carried out in the Department of Crop Science and Tech-
nology, and Plant Breeding and Gene Engineering Laboratory under Rajshahi 
University and in the field of Shyampur, Katakhali, Rajshahi, Bangladesh during 
the period from December, 2010 to March, 2012. Two exotic potato varieties 
Diamant and Cardinal and two indigenous varieties Shilbilati and Lalpakri were 
used in the investigation collected from A. H. Z. BIOTEK SEEDS Ltd. nursery, 
Namo Bhadra, Rajshahi.  

The plant growth regulators (PGR) such as indole-3-butyric acid (IBA) under 
auxin group; 6-benzyl aminopurin (BA) and 6-Furfuryl aminopurin (KIN) under 
cytokinin group; and Gibberellic acid-3 (GA3) were used in this study. Generally 
0.1% HgCl2 was used as surface sterilizing agent, tween-20 (polyoxyethelene sori-
bitan monolaurate) and savlon (Antiseptic, ACI Pharma, Bangladesh) were used 
as surfactant and detergent. MS medium was used for all kinds of in vitro experi-
ments. 
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2.2. Treatments 

Different plant growth regulators (PGR) viz. auxin (IBA), cytokinin (BA and 
KIN), and gibberellic acid at different concentrations were used in two dimen-
sions for making different media combinations. For the primary establishment 
of meristems there involved four treatment combinations composed of KIN and 
GA3 at their various concentrations viz. 0.1 mg/L KIN + 0.1 mg/L GA3, 0.1 mg/L 
KIN + 0.5 mg/L GA3, 0.5 mg/L KIN + 0.1 mg/L GA3 and 0.5 mg/L KIN + 0.5 
mg/L GA3. After the establishment of primary meristems they were subcultured 
on to MS semisolid basal medium supplemented with IBA, BA, KIN and gibbe-
rellic acid in different combinations at various levels of concentrations formu-
lated by four media treatments viz. 0.5 mg/L BA+ 1.0 mg/L IBA; 0.1 mg/L KIN + 
0.1 mg/L GA3; 0.5 mg/L BA + 0.5 mg/L GA3 and 0.5 mg/L KIN + 0.5 mg/L GA3 
were used to identify the suitable media compositions for shoot proliferation. 

2.3. Preparation of Culture Medium 

MS medium was used for all in vitro experiments which includes meristem cul-
ture, micropropagation of meristem derived plantlets, induction of microtuber 
etc. Sucrose was added at the rate of 30 g/L. According to requirements different 
growth regulators were supplemented to different media separately. Agar was 
added at the rate of 8 - 10 g/L for the preparation of semi-solid medium. For 
primary meristem culture MS liquid medium and bridges were used in liquid to 
support the meristem and primary culture medium. 

2.4. Culture Technique 

Shoot tips of 25 - 30 day old potato plants of Diamant, Cardinal, Shilbilati and 
Lalpakri grown in the A.H.Z BIOTECH SEEDS Ltd. nursery were used as 
sources of meristems. The shoot tips were excised with the help of sharp blade 
and collected in a reagent bottle containing distilled water with few drops of 
savlon and few drops of tween-20 and quickly brought into the laboratory. Then 
the explants were washed for 2 - 3 times with gradual change of sterile distilled 
water. The plant materials were transferred to a 250 mL sterilized conical flask. 
Surface sterilization was carried out by dipping the plant materials into 0.1% 
HgCl2 solution with gentle shaking for 2 - 8 minutes followed by 3 - 5 times 
washing with sterile distilled water in front of running laminar air flow cabinet. 

2.5. Isolation of Meristem and Culture 

Shoot tips of surface sterilized plant samples of four potato varieties were laid on 
the sterile tiles using sterile forceps. Immediately after dissection a single excised 
meristem was carefully placed on the “M” shaped filter paper bridge within the 
culture tubes containing liquid MS medium (Figure 1). The neck of the tube was 
flamed with spirit lamp and then plugged. The inoculated culture tubes were 
incubated in a growth chamber providing a special culture environment. The 
cultures were maintained at 22˚C ± 2˚C with light intensity varied from 200 -  
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Figure 1. Development of meristem on filter 
paper bridge in liquid MS medium supple-
mented with 0.1 mg/L KIN + 0.5 mg/L GA3 
after 2, 4 and 6 weeks of culture respectively. 

 
3000 lux. Generally the photoperiod was maintained giving 16 hours light and 8 
hours dark. The culture tubes were checked daily to note the morphogenic re-
sponse of cultured meristem. 

Three to four weeks after primary culture, the explants those showed mor-
phogenic response were removed aseptically from the culture tubes and trans-
ferred into tubes containing agar gelled MS medium supplemented with differ-
ent growth regulators (Figure 2). After 30 - 35 day of culture initiation shoots 
were removed aseptically from the culture tubes and placed on a sterile tile and 
cut into convenient (basal end of the shoot) size and again transferred into test 
tubes containing different plant growth regulators supplemented in semisolid 
MS media.  

When the generated shoots were 2 - 8 cm in height with 4 - 8 leaves they were 
removed aseptically from the culture tubes (Figure 3) and placed on a sterilized 
Petridish, cut from the basal of the shoots using sharp scalpel. Then each base of 
the shoot was inoculated on freshly prepared semisolid MS medium supple-
mented with different combinations and concentrations of plant growth regula-
tors for further shoot multiplication and root induction. 

2.6. Virus Indexing: ELISA Test  

The use of serological methods for rapid detection of plant viruses in vitro 
grown meristem-derived plantlets is popularly known as serodiagnosis [11] [12] 
[13]. Among the various serological methods so far developed, the double anti-
body sandwich enzyme-linked immuno-sorbent assay (DAS-ELISA) is exten-
sively applied for its various merits over the other methods are reported by Clark 
and Bar-Joseph [14]. Different samples representing each symptom were tested  
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Figure 2. Development of meristem on filter 
paper bridge in liquid MS medium supple-
mented with 0.1 mg/L KIN + 0.5 mg/L GA3 
after 2, 4 and 6 weeks of culture respectively. 

 

 
Figure 3. Development of meristem on filter 
paper bridge in liquid MS medium supple-
mented with 0.1 mg/L KIN + 0.5 mg/L GA3 
after 2, 4 and 6 weeks of culture respectively. 

 
by DAS-ELISA.  

2.7. Micropropagation  

After 4 week of incubation when the plantlets attained a height of 7 - 9 cm mi-
cropropagation was started. The plantlets of four potato varieties identified as 
disease-free (checked by ELISA) were used for massive micropropagation. 
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Nodal segments about 5 - 6 mm long was isolated from disease free plantlets 
having auxiliary bud (Figure 4). Isolated nodes were transferred into a 250 mL 
flasks or test tubes containing agar-solidified medium. Node cuttings were in-
cubated at 22˚C ± 2˚C with a 16 hours photoperiod. The developed plantlets 
were subculture as required after every 5 - 6 weeks (Figure 4).  

2.8. Acclimatization of in Vitro Grown Plantlets  

Well-rooted plantlets from meristem about 4 - 5 cm in height were ready for 
transplanting into soil. The plantlets grown inside the flask or test tubes were 
brought out from the growth chamber. After deplugging the culture tubes were 
kept in the room temperature for 4 - 5 days to bring them in contact to normal 
temperature. After 3 - 5 days of hardening the plantlets were taken out very 
carefully from the test tubes. The roots attached to the agar were gently and 
carefully washed out under running tap water.  

2.9. Field Evaluation/Field Establishment of Virus Free Plantlets 

After proper acclimatization of in vitro produced virus free plantlets of four po-
tato varieties obtained from the meristem derived plantlets were planted on De-
cember, 2011 in the experimental field of Shyampur, Rajshahi covered with in-
sect proof nylon net. The experiment was conducted following complete rando-
mized design with three replications of each variety. The unit plots were 100 × 
40 cm in size which accommodated 30 plantlets at a spacing of 20 × 10 cm. 
 

 
Figure 4. Plantlets grown through nod cutting 
on to MS medium supplemented with 0.5 
mg/L BA + 0.5 mg/L GA3 4 weeks after cul-
ture. 
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The plantlets were watered immediately after transplanting and the beds were 
provided with shades from 10 am to 3 pm until the establishment of the plantlets 
into soil. The soil was prepared with cow dung and course sand (1:1 v/v), Urea, 
TSP and MP were applied at the rate of 75, 60 and 75 kg/ha. The entire does of 
TSP and MP and 50% of Urea were applied at the time of land preparation. The 
rest 50% of Urea was applied as top dressing into two equal installments at 35 
and 50 days after planting. The intercultural operations such as earthing up, 
weeding and mulching were done when needed. Fungicides and insecticides 
were applied to protect the crops. The experimental plots were irrigated fre-
quently to maintain optimum soil moisture and also to keep the soil cool. The 
crop was harvested at maturity in the month of March, 2012 from the field 
within 90 - 100 days of its plantation. 

2.10. Data Collection  

Data from in vitro grown meristem-derived plantlets on percentage of regene-
rated plantlet, virus free plantlet, explants responded, and days to shoot initia-
tion, number of shoots/explants and shoot length were recorded. Number of 
shoots/explants and shoot lengths were calculated after 28 days of culture. Per-
centage of explants responded was calculated using the following formula.  

Number of explants responded% of explants responded 100
Total number of explants cultured

= ×  

Data for field-grown plants on different characters were noted from the ran-
domly selected 10 plants of each variety. The plantlets that survived in the field 
were expressed in percentage according to variety. Days to maturity was record-
ed when the leaves just began to die. Plant height, number of branches, leaves, 
tubers and tuber weight per plant, and percentage of tuber grades were recorded 
at the time of harvest. Weight of tubers was taken with a weighing balance. The 
harvested tubers were expressed in percentage and categorized in the following 
grades: 1) Grade A (<20 mm), 2) Grade B (20 - 30 mm), 3) Grade C (30 - 40 
mm), and 4) Grade D (>40 mm). 

2.11. Data Analysis  

Analysis of variance and subsequent significant test were done according to 
Gomez and Gomez, 1984. The mean values of all the parameters for four varie-
ties were calculated and the analysis of variance was performed by “F” (variance 
ratio) test. The significance of differences among the treatment means were eva-
luated by least significant difference (LSD) test at 5% level of probability [15] 
using MSTAT-C programme.  

3. Results 
3.1. Genotypic Response of Four Potato Varieties in  

Meristem Culture 

Isolated meristems of four potato varieties Diamant, Cardinal, Shilbilati and 
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Lalpakri were placed separately on “M” shaped filter paper bridge in culture 
tubes (125 × 25 mm) containing liquid MS medium supplemented with different 
concentrations and combinations of KIN and GA3 to find out varietal perfor-
mance of four potato varieties (Figure 1). Data on days to response, percentage 
of meristems responded and morphogenic responses were recorded after 21 days 
of culture and are presented in Table 1. 

Days to response ranged from 4 - 9 for all varieties with all four combinations. 
Among four combinations 0.1 mg/L KIN + 0.5 mg/L GA3 showed better effect 
on the meristem culture. Cardinal showed the best response within the shortest 
duration of time taken 4 - 5 days to grow in the media with 0.1 mg/L KIN + 0.5 
mg/L GA3 among four varieties. 

Percentage of meristems responded to new growth ranged from 51% - 78% in 
all four combinations of KIN and GA3 growth regulators with all potato varieties. 
The combination 0.1 mg/L KIN + 0.5 mg/L GA3 exposed as the most appropriate 
for growth initiation for four potato varieties ranged from 56% - 78% and res-
ponding the highest percentage of meristems recorded in Diamant (78%) fol-
lowed by Cardinal (73%) and Lalpakri (61%) where as the lowest was recorded 
in Shilbilati (56%). The meristems of four potato varieties produced shoots and 
roots in all treatment combinations of KIN and GA3 except with the treatment  
 
Table 1. Genotypic response of four potato varieties with four concentrations and com-
binations of KIN and GA3 in liquid MS medium on primary response of meristems. 

Plant growth 
regulators 

(mg/L) 
Variety 

Days to 
response 

% of  
meristems 
responded 

Morphogenic response 

Shoot Root 

KIN 0.1 + GA3 0.1 Diamant 5 - 6 70 + + 

 Cardinal 5 - 7 68 + + 

 Shilbilati 6 - 8 70 + + 

 Lalpakri 7 - 8 72 + + 

KIN 0.1 + GA3 0.5 Diamant 5 - 6 78 + + 

 Cardinal 4 - 5 73 + + 

 Shilbilati 5 - 7 56 + + 

 Lalpakri 6 - 8 61 + + 

KIN 0.5 + GA3 0.1 Diamant 5 - 7 72 + + 

 Cardinal 6 - 7 61 + + 

 Shilbilati 6 - 8 51 + + 

 Lalpakri 6 - 8 56 + + 

KIN 0.5 + GA3 0.5 Diamant 6 - 8 72 + + 

 Cardinal 7 - 9 64 + - 

 Shilbilati 6 - 7 56 + + 

 Lalpakri 7 - 8 66 + + 

LSD at 5% level   5.76   

+ = Positive responses; − = Negative responses. 
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0.5 mg/L KIN + 0.5 mg/L GA3 where Cardinal did not produce any root. 

3.2. DAS-ELISA Test for Virus Detection from Primary Established  
Meristem-Derived Plantlets  

Among the meristem-derived plantlets, a serological DAS-ELISA test was car-
ried out to detect virus before micropropagation. No positive colour was found 
in the microliter plates when the in vitro grown meristem-derived plantlets were 
used as samples. In contrast, colour appeared when field-grown plants were used 
as samples that proved in vitro grown meristem-derived plantlets were free from 
the viruses. 

3.3. Genytopic Effect of Potato Varieties on Shoot Multiplication  

The nodal segments of the primary meristem-derived shoots developed from the 
isolated meristems of four potato varieties were cultured separately on to MS 
semisolid basal medium supplemented with BA, IBA, GA3 and KIN in different 
combinations and concentrations. Data on days to shoot initiation, percentage 
of shoot formation, number of shoots/explant and shoot length (cm) were rec-
orded after 4 weeks of culture and are presented in Table 2. 
 
Table 2. Genotypic response of four potato varieties with four concentrations and com-
binations of BA, IBA, GA3 and KIN in MS medium on shoot multiplication from nodal 
segments of meristem-derived shoots. 

Plant growth  
regulators (mg/L) 

Variety 
Days to 
shoot 

initiation 

Percentage 
of shoot 

formation 

No. of 
shoots/ 
explant 

Length of  
longest shoot 

(cm) 

BA 0.5 + IBA 1.0 Diamant 7 - 9 70 3.5 7.5 

 Cardinal 8 - 10 72 3.1 7.1 

 Shilbilati 6 - 8 56 3.2 8.1 

 Lalpakri 5 - 6 65 3.5 6.5 

KIN 0.1 + GA3 0.1 Diamant 6 - 8 76 4.1 9.5 

 Cardinal 8 - 10 68 4.2 9.7 

 Shilbilati 5 - 7 66 3.6 8.2 

 Lalpakri 5 - 7 68 3.0 6.8 

BA 0.5 + GA3 0.5 Diamant 5 - 7 75 4.8 9.8 

 Cardinal 5 - 6 76 4.4 9.7 

 Shilbilati 4 - 8 66 3.2 9.0 

 Lalpakri 5 - 8 60 3.3 7.8 

KIN 0.5 + GA3 0.5 Diamant 8 - 10 71 3.3 8.5 

 Cardinal 11 - 13 70 3.1 9.2 

 Shilbilati 7 - 8 60 2.8 8.6 

 Lalpakri 7 - 8 68 3.0 7.9 

LSD 5% level   4.32 0.09 NS 

NS = Non significant. 
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Shoot multiplication from established meristems of four potato varieties were 
highly influenced by the four different combinations and concentrations of BA, 
IBA, GA3 and KIN. The cultured explants of four potato varieties initiated 
shoots within very short days ranged from 4 - 13 days. Among four combina-
tions and concentrations, all potato varieties showed shorter duration of shoot 
initiation taking 4 - 8 days in receiving the treatment 0.5 mg/L BA + 0.5 mg/L 
GA3. Among the varieties Cardinal exposed better response with this combina-
tion that required 5 - 6 days for shoot initiation followed by Diamant which re-
quired 5 - 7 days for the same. 

Percentage of shoot proliferation was ranged from 56% - 76% among four po-
tato varieties. All varieties showed better performance regarding percentage of 
shoot formation with the treatment 0.5 mg/L BA + 0.5 mg/L GA3 and ranged 
from 60% - 76% among four different combinations. The highest (76%) nodal 
segments induced shoot proliferation was observed in Cardinal with this com-
bination of growth regulator. 

Number of shoots/explant of four varieties ranged from 2.8 - 4.8. The highest 
number of shoots/explant was recorded 4.8 in Diamant among all potato varie-
ties with the treatment of 0.5 mg/L BA + 0.5 mg/L GA3. The length of shoots of 
four potato varieties ranged from 6.5 - 9.8 cm. The longest length (9.8 cm) of 
shoots was observed with the supplemented treatment medium of 0.5 mg/L BA + 
0.5 mg/L GA3. 

However, it was observed that genotypic traits of four varieties of potato were 
more or less same treated with all media formulations. The optimum response 
was exposed in the medium supplemented with the treatment 0.5 mg/L BA + 0.5 
mg/L GA3 for all potato varieties out of four media combinations. Diamant 
showed the highest response onto these PGR supplemented media among all va-
rieties. 

3.4. Field Performance of in Vitro Produced Meristem-Derived  
Plantlets  

The data for field performance of in vitro produced meristem-derived plantlets 
were recorded on survival percentage of transplanted plantlets, days to tuber initia-
tion (DTI), days to maturity (DM), plant height (PH), number of branches/plant 
(NB), number of leaves/plant (NL), number of tubers/plant (NT), tuber 
weight/plant (TW) and tuber grade (%), and the results are presented in Table 3 
and Table 4. In vitro produced plantlets of all cultivars acclimated well in out-
door condition (Figure 4) and grew in the field normally up to maturity (Figure 
5 and Figure 6).  

The variety Cardinal showed the highest percentage (90%) of plantlets sur-
vived in the field was closely followed by Diamant (85%). The lowest survival 
rate was observed in the indigenous variety Lalpakri (62%). Between the two in-
digenous varieties the highest survival rate (70%) was found in Shilbilati (Table 
3). 
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Table 3. Field performance of plantlets of different potato varieties. Data were taken from 
10 randomly selected plants of each replication. 

Variety 

Different Parameters 

Survival % 
of plantlets 

DTI DM PH (cm) NB NL NT TW (g) 

Diamant 85 (2.26) 
30.7 

(2.33) 
90.20 
(3.21) 

67.5  
(4.44) 

3.99  
(0.33) 

207.50 
(17.50) 

19.32 
(1.04) 

320.50 
(34.66) 

Cardinal 90 (4.90) 
29.0 

(1.24) 
93.53  
(4.40) 

60.2  
(1.07) 

4.50 
(0.15) 

240.30 
(11.56) 

21.50 
(2.20) 

343.40 
(33.33) 

Shilibilati 70 (2.59) 
32.8 

(7.67) 
99.20  
(8.44) 

50.5 (7.14) 
7.48 

(0.33) 
170.50  
(3.56) 

27.52 
(1.20) 

180.35 
(10.33) 

Lalpakri 62 (2.96) 
35.2  
(3.0) 

105.42 
(4.29) 

49.5 (1.98) 
3.45 

(0.44) 
151.30  
(5.79) 

24.60 
(2.30) 

102.30  
(3.33) 

Each value indicates the average of three (3) replications with standard deviation in parentheses. DTI = 
Days to tuber initiation, DM = Days to maturity, PH = Plant height, NB = Number of branches/plant, NL = 
Number of leaves/plant, NT = Number of tubers/plant, TW = Tuber weight/plant. The mean values were 
calculated from three replications. 

 
Table 4. Tuber grade percentage of different potato varieties obtained from in vitro pro-
duced plantlets in the field. 

Variety 
Percentage of tuber grades 

<20 mm 20 - 30 mm 30 - 40 mm >40 mm 

Diamant - 78 (7.62) 17 (1.67) 5 (0.33) 

Cardinal - 79 (10.29) 15 (3.31) 6 (1.13) 

Shilbilati 68 (4.93) 18 (1.44) 14 (2.67) - 

Lalpakri 76 (5.66) 19 ( 2.99) 5 (0.92) - 

Each value indicates the average of three (3) replications with standard deviation in parentheses. 

 

 
Figure 5. Transplanted plantlets in a 
net house, 3 weeks after plantation. 
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Figure 6. Healthy potato plants in the open 
field, 6 weeks after plantation. 

 
The number of days required for tuber initiation varied with different varieties 

(Table 3). Lalpakri took the maximum days (35.20) which was statistically dif-
ferent from other varieties. Cardinal needed the shortest period (29.0 days) for 
tuber initiation. The maximum number of days (105.42) needed for maturity of 
the plant was recorded in Lalpakri that significantly differed from the rest of the 
varieties (Table 3), and closely followed by Shilbilati (99.42). The minimum 
number of day was required for maturity of the plants in Diamant (90.20) fol-
lowed by Cardinal (93.53) and both differed from each other significantly. 

In terms of plant height, Diamant attained the longest height (67.50 cm) 
(Table 3) that took minimum number of days to maturity and its height was 
significantly different from the rest of the varieties. The shortest height was rec-
orded in Lalpakri (49.50 cm) that closely followed by Shilbilati (50.50 cm). The 
highest number of branches/plant was observed in Shilbilati (7.48), which was 
significantly higher than the rest of the varieties (Table 3). The lowest number of 
branches/plant was observed in Lalpakri (3.45) which was closely followed by 
Diamant (3.99) and Cardinal (4.50). The number of leaves/plant varied signifi-
cantly with the varieties (Table 3). The highest number of leaves/plant was rec-
orded in Cardinal (240.30) that differed significantly from other varieties and the 
second highest number was in Diamant (207.50). The lowest number of 
leaves/plant was found in Lalpakri (151.30) followed by Shilbilati (170.50).  

Shilbilati produced the highest number of tuber per plant (27.52) followed by 
Lalpakri (24.60) and Cardinal (21.50) while the lowest number was recorded in 
Diamant (19.32) (Table 3). The greatest tuber weight/plant was obtained from 
Cardinal (343.40 g), which was significantly higher than those of the rest varie-
ties (Table 3). The second highest tuber weight/plant was found in Diamant 
(320.50 g), and the lowest was recorded in Lalpakri (102.30 g). 

The results on tuber grade classified on the basis of different sizes are pre-
sented in Table 4. It was observed that the two high yielding exotic varieties 
Cardinal and Diamant always produced tubers more than 20 mm in size. Lalpa-
kri produced the highest (76%) percentage of tubers of this grade. 

Significantly higher percentage of tubers of 20 - 30 mm in size was recorded in 
the exotic variety Cardinal (79%) which was identically similar to Diamant 
(78%). In contrast, the indigenous varieties Shilbilati and Lalpakri produced the 
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same grade (20 - 30 mm) of tubers those were significantly lower at 18% and 
19% respectively. In the case of 30 - 40 mm size the highest percentage was ob-
served in Diamant (17%) followed by Cardinal (15%) while the lowest percen-
tage in this grade was observed in Lalpakri (5%). 

The indigenous varieties Shilbilati and Lalpakri failed to produce tubers 
greater than 40 mm in size and only the high yielding varieties produced tubers 
of this grade. The highest percentage of tuber in this grade was observed in Car-
dinal (6%) followed by Diamant (5%) and these were identically similar to each 
other.  

4. Discussion  

The causes of low production and non-profitability of potato cultivation might 
be due to lack of quality seeds of good varieties, unavailability and uneven dis-
tribution of certified seeds, inadequate storage facilities, high production cost, 
and short growing season are noticeable [7].  

Potato is usually vegetatively propagated and very much susceptible to a 
number of viral diseases, which causes remarkable decrease in yield. However, 
meristem culture is one of the important methods to produce virus-free stock 
plants [16] [17] [18]. The shoots of an apical meristem and the first set of pri-
mordial leaves are generally not connected to the vascular system of the plant 
and therefore, are not contaminated with viruses that travel through the vascular 
system [19] [20]. If the explant is carefully excised so as not to contaminate it 
with sap from more mature leaves or stem tissues and it is placed in culture tube 
a virus-free plant can be established.  

The size of the meristem explant is critical for virus eradication. Often, 
so-called meristem tip cultures have failed to eliminate virus infection because 
the explant contains shoot apices with vascular tissue instead of true meristem 
[20] [21]. The technique, combined with heat treatment (thermotherapy) or 
chemical treatment (chemotherapy) was proved to be very effective in virus era-
dication [22] [23]. Commercial production of virus-free seed potatoes through 
meristem culture has been a regular practice in many developed countries. 
DAS-ELISA methods conclusively proved that PVX, PVY and PLRV viruses 
were not present in the meristem-derived plantlets. Many researchers used this 
popular serological detection method for identification of different kinds of vi-
ruses in different crops [11] [12] [24].  

In the present investigation meristems were isolated from 25 - 30 day old 
field-grown potato plant from Diamant, Cardinal, Shilbilati and Lalpakri varie-
ties, and cultured on MS liquid media with different types of plant growth regu-
lators viz. BA, KIN, NAA, IAA, GA3 at their different combinations for the es-
tablishment of primary meristem culture. For primary establishment of meris-
tem, liquid MS medium with Filter Paper Bridge was used. Many workers got sa-
tisfactory results with MS liquid medium in different crops [25]-[36]. Various 
concentrations and combinations of plant growth regulators remarkably influ-
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enced in resuming growth of meristem. Among the various concentrations of 
plant growth regulators KIN and GA3 combination at a concentration ranging 
from 0.1 mg/L to 0.5 mg/L were used for assessing the optimum concentration 
(Table 1). Out of different treatments MS medium fortified with 0.1 mg/L KIN 
+ 0.5 mg/L GA3 was found to be the most effective in increasing the growth of 
meristems. Cultured meristems showed quick responses (4 - 5 days) without any 
formation of callus at the base of the explant. Ahmmed [37] used same growth 
regulator formulation and obtained satisfactory results for the establishment of 
meristem culture in potato. Mohammad [38] also found the similar results in 
potato. Table 1 exposed that more or less all four varieties responded equally 
with all concentrations and combinations of KIN and GA3. The differences 
found in different varieties were statistically non-significant. All the varieties 
showed brilliant performances with 0.1 mg/L KIN + 0.5 mg/L GA3. All potato 
varieties showed shoot and root initiation by using all the combinations and 
concentrations. Except in KIN 0.5 mg/L + GA3 0.5 mg/L where Cardinal failed to 
initiate root. Ahmmed [39] also used same growth regulator formulation and 
obtained satisfactory result for establishment of primary meristem culture in 
potato. Mohammad [38] and Rahman [20] also found similar results for geno-
typic response of potato varieties. Again, Quack [39] postulated that the absence 
of vascular elements in the meristem is a possible reason as why the virus con-
centration is low in meristem.  

For shoot multiplication established meristems were subcultured on to MS 
semisolid media supplemented with different concentrations of auxin, cytokinin 
and gibberellic acid at their different combination in order to find out suitable 
growth regulator formulation for maximum shoot production. Among the 
treatment combinations, BA and GA3 combination showed the best performance 
for shoot multiplication. The results demonstrated that the highest number of 
shoots/explant and the longest shoot were recorded with the media combination 
0.5 mg/L BA + 0.5 mg/L GA3 (Table 4). Many earlier workers also got satisfac-
tory results in potato crops with the combination of mg/L BA and mg/L GA3 
[40] [41] [42] [43] [44]. The results of this experiment proved that four varieties 
showed more or less equal performance with all combinations and concentra-
tions of BA, IBA, GA3 and KIN. All varieties showed brilliant performance in 
the media with 0.5 mg/L BA + 0.5 mg/L GA3 for multiple shoot proliferation. 
Siddique [41], Miller et al. [42], Hussey and Stacy [45], and Ahsan et al. [18] also 
found that different varieties of potato performed well in the media with 0.5 
mg/L BA + 0.5 mg/L GA3. Use of GA3 and BA for adventitious shoot develop-
ment has also been reported by Marani and Pisi [46], and Evans et al. [47]. The 
varieties Dimant and Cardinal were more responsive for massive micro propa-
gation of plantlets than Shilbilati and Lalpakri (Table 2).  

During the field experiment in the present study it was closely observed that 
the in vitro produced plantlets having relatively thicker and harder stem at the 
time of transplanting had a higher survival rate than the less thicker and harder 
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one. The high yielding varieties gave rise to harder in vitro plantlets. The surviv-
al rate was higher in the exotic varieties (Cardinal 90% and Diamant 85%) than 
the indigenous varieties (Shilbilati 70% and Lalpakri 62%) in the field (Table 3). 
From visual observation of the plants no symptom of viral diseases was noticed. 
Generally the indigenous varieties took longer time for tuberization than the 
high yielding exotic varieties. This agrees nicely to Siddique’s [48] results who 
reported that longer time was needed for tuber initiation in the indigenous va-
rieties than the exotic ones under the climatic condition of Bangladesh. Longer 
time “as needed for maturity of the indigenous varieties than the high yielding 
varieties”, agrees with Siddique and Rashid [49] who mentioned that the indi-
genous varieties have a long growth cycle than the modern varieties under the 
climatic condition of Bangladesh.  

The highest number of branches/plant was observed in Shilbilati, which was 
significantly higher than the rest of the varieties. The remaining three varieties 
were not differing much from one another. This finding did not agree with re-
sults of Hossain [50] probably due to different sets of varieties and different 
composition of the culture media used for the two studies. The number of 
leaves/plant varied with the variety. The highest number of leaves/plant was ob-
served in Cardinal followed by Diamant that differed significantly than the indi-
genous varieties. This result agrees with the findings of Hossain [50]. It was also 
observed that the high yielding varieties produced higher weight of tuber/plant 
compared to those of the indigenous varieties though the tuber numbers/plant 
was higher in the indigenous varieties. Cardinal produced significantly highest 
amount of tuber weight per plant (343.40 g) followed by Diamant (320.50 g) and 
the lowest was obtained from Lalpakri (102.30 g). It is a common phenomenon 
that the indigenous varieties produce numerous sized tubers than the high 
yielding varieties. The high yielding varieties Cardinal and Diamant produced 
tubers greater than 20 mm in size. Lalpakri produced the highest percentage of 
tubers in this grade (<20 mm), while significantly higher percentage of tuber of 
20 - 30 mm size were recorded in the exotic varieties. The highest percentage of 
tuber grade at >40 mm in size was observed in Cardinal (6%) followed by Di-
amant (5%) whereas no tuber was produced as the size of this grade in the indi-
genous varieties.  

5. Conclusion  

Among the combinations of different growth regulators the treatment 0.1 mg/L 
KIN + 0.5 mg/L GA3 was found to be the best for the primary establishment of 
meristem culture, and the treatment with 0.5 mg/L BA + 0.5 mg/L GA3 was 
found to be the best for shoot proliferation. Diamant exposed a higher frequency 
of shoot proliferation out of the four cultivars of potato (Diamant, Cardinal, 
Shilbilati and Lalpakri). Observation from the results of the field study of in vitro 
meristem-derived plantlets that the virus-free indigenous potato varieties pro-
duced plants of normal height and the exotic varieties were much superior to the 

https://doi.org/10.4236/ajps.2020.1111131


Md. A. K. Azad et al. 
 

 

DOI: 10.4236/ajps.2020.1111131 1843 American Journal of Plant Sciences 
 

indigenous varieties. The indigenous varieties produced higher plants but small-
er tubers/plant compared to those of the exotic varieties. 
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