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Introduction
The seeds or planting material is vital need of farmers. Potatoes 

being vegetative propagated crop prone to the built of tuber borne 
diseases that can be reduced by propagation of stem cutting, by heat 
treatment and by apical meristem culture. Micro tubers plantlets are the 
initial source for production of quality potato seed. These propagules 
are multiplied and increased until sufficient quality becomes available 
for commercial use (Naik and Khurana2003). Micro tuberization in 
potato is a complex process influenced by photoperiod, temperature, 
sucrose and inorganic nitrogen nutrition. These factors either directly 
or indirectly acts on in-vitro tuberization process by regulating 
the activity of exogenously applied growth substances vis-a-vis 
endogenous hormonal balance.1 Micro propagation is an alternative to 
conventional propagation of potatoes.2 It is the only technique that can 
eliminate 100% viruses in potato seed production programs. Amongst 
several in vitro methods in vogue for developing quality planting 
material for potato, microtuber production is one of the strategies. 
Microtuber production is an essential component of sustaining disease 
free quality seed potato production.3 They have been considered as 
potent propagule for quick multiplication of uniform progeny and for 
direct field planting. Hence it serves as an alternative other planting 
materials like plantlets and minitubers.4 These can be directly sown in 
the soil and minitubers can be produced in bulk. Because of the small 
size and weight of micro tubers they have tremendous advantages in 
terms of storage, transportation and mechanization. They have similar 
morphological and biochemical characteristics to field produced 
tubers. Therefore, mass production of potato microtuber is likely to 
revolutionize the world potato production.5 Several in vitro studies 
have been conducted earlier for improvement in number and size of 
micro tubers by use of different growth regulators and jasmonic acid 
(JA) is one such growth inhibitor.

Microtuber technology is a vital component of seed potato 
production (Donelly et al. 2003). Over the last decade several 
researchers observed that jasmonic acid (JA), a growth regulator 
produced by plants exposed to stress seems to be involved in 
morphogenic events like tuberization and bulb formation6–11 found 

that JA was by far the stronger in vitro promoter of stolon tuberization 
than Kinetin. In a study,12 found that JA supplement at less than 5 µM 
in the plantlet multiplication medium generated plantlets with sturdier 
stems, better developed root systems, and higher root/shoot biomass 
ratios compared to plantlets grown on conventional media. Jasmonate 
is also involved in disease resistant as it has stimulatory effect on 
secondary metabolite production.13 Nodal explants taken from JA 
conditioned plantlets also tuberized earlier and more uniformly, 
giving higher yield of micro tubers than controls.14 Present study was 
conducted on a new hybrid variety of potato i.e. Kufri Himalini which 
was released in 2006. It possesses moderate resistance to late blight 
and hence best for commercial cultivation in hilly regions.15 The 
objective of this study was to find out the effect of Jasmonic acid on 
microtuber production in Kufri Himalini cultivar by in-vitro methods.

Material and methods
Plant material for microtuber production

Experimental material used in this investigation comprised of 
nodal segments of potato cv. Kufri Himalini obtained from mother 
plant growing in Tissue Culture Section G.B.P.U.A & T. Hill Campus 
Ranichauri, Uttarakhand, India (presently, Uttarakhand University of 
Horticulture and Forestry). The virus indexed cultures were initially 
obtained from Central Potato research Institute, Shimla (India).

Preparation of culture medium

The culture medium was prepared by mixing individual 
components from stock solutions and required hormones. 

For shoot proliferation

Same culture medium was used during first and second sub-
culturings as used in establishment. During third and fourth sub-
culturings, culture medium was supplemented with different 
concentrations of JA as per the treatment. The concentrations of JA 
were 1mg/l and 5mg/l for both single and double node cuttings (Table 
1).
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Abstract

Potato (Solanumtuberosum) cultivar Kufri Himalini was investigated for in-vitro 
microtuber production. Both single and double nodal segments were established by 
proliferation for three times and subjected to six different treatments involving MS 
medium with BAP and Jasmonic acid (1 and 5 mg/l). The single and double nodal 
propagules during 2nd sub culturing grew into 3 branches (53%) and 4 branches (70%) 
respectively. Thus single node cuttings were better than double node cuttings because 
number of initiating propagules were doubled. Cultures with single node cutting 
proliferated in 1mg/l JA showed earliest tuberization (3.66 days), maximum number 
of tubers (17.82), average weight (255.46mg) and yield (4025.93mg). 
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Table 1 Details of culture medium for shoot proliferation

Code Treatment details

SB Single node, without JA

SJ1 Single node, with JA 1mg/l

SJ2 Single node, with JA 5mg/l

DB Double node, without JA

DJ1 Double node, with JA 1mg/l

DJ2 Double node, with JA 5mg/l

For pre-tuberization

MS medium supplemented with Calcium Pantothenate (7.5mg/l), 
GA (0.1mg/l) and NAA (0.01 mg/l) was used for all he treatments. 10-
12 propagules from proliferated shoots were aseptically transferred 
into a culture bottle containing 20 ml of liquid tuberization medium. 
Cultures were grown in culture racks at the temperature of 23±1 0C, 
relative humidity of 35% and photoperiod of 16 hour under PAR light 
of 3000 lux.

For tuberization

MS medium with 60g sucrose and 25ml/l BA was used for 
tuberization. After 15-20 days, cultures from pre-tuberization medium 
were aseptically transferred to 40ml/bottle tuberization medium. 
Cultures were grown in an incubator at the temperature of 18±2 0C in 
complete darkness for duration of 45-60 days.

Harvesting and storage of micro tubers

Micro tubers were pulled out from the bottles with help of forceps, 
dried and observations were recorded regarding initiation of micro 
tubers, number, weight, yield/bottle and diameter of the largest 
microtuber. Harvested micro tubers were treated with 0.25% solution 
of Dithane M-45 for 10 minutes and air dried at room temperature for 
24 hours. After drying these micro tubers were packed in perforated 
polythene bags and stored at 4±10C in refrigerator. 

Statistical analysis

The experimental data was analyzed as per method designed by 
Cochran and Cox (1992) for Factorial Randomized Block Design. 
The interpretation of the results was based on “F-test” at 5% level of 
significance.

Result and discussion
Proliferation during first and second sub culturing

In present investigation, micro propagation was done on standard 
medium.15 Establishment of explants was done on MS medium and 
observations at weekly intervals were recorded which showed growth 
of maximum 2 branches after 1 & 2 weeks and 3 branches after 3 & 4 
weeks (Figure 1) & (Figure 2). A maximum of 3, 7, 10 and 15 nodes 
after 1, 2, 3 and 4 weeks, respectively and shoot growth up to 10 cm 
was recorded (Figure 3) & (Figure 4). MS medium was also used by 
Hussain et al.16 for propagating the plantlets and shoot growth was 
up to 6-8 cm after 2 weeks. A total of 30 cultures were selected from 
established cultures for first sub culturing. In first sub culturing, 48% 
cultures (maximum) were with 3 branches and 35% (maximum) were 
with 17 nodes (Figure 5) & (Figure 6). Ozkaynak et al.17 had also used 
Murashige and Skoog basal medium during different sub culuring and 
reported that shoots length was 4-6 cm after three weeks. In second 

sub culturing plantlets cut in single and double node segments showed 
that single nodal plantlets had maximum (53%) cultures with three 
branches whereas double nodal plantlets had 70% cultures with 
4 branches (Figure 7) & (Figure 8). The efficiency of single nodal 
cultures appeared to be better than double node cultures because 
the number of initiating propagules were doubled in case of single 
node cultures. Single node cultures were routinely used during sub 
culturing by other workers also.18–21

Figure 1 Proliferation of shoots during establishment.

Figure 2 Growth of nodal segments during establishment stage.

Figure 3 Proliferation of shoots during 1stsubculturing.
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Figure 4 Number of nodes during establishment of different cultures 

(%).Figure 5 Number of branches in cultures during 1stsubculturing.

Figure 6 Number of nodes during 1stsubculturing (%).

Figure 7 Number of branches during 2ndsubculturing.

Figure 8 Cultures of different branches during 2ndsubculturing.

Proliferation during third sub culturing

After second sub culturing single and double nodal plantlets are 
again cut into single and double nodal segments and cultured on MS 
medium supplemented with JA (1 and 5 mg/l).In case of number 
of branches, maximum was recorded in treatment DB (3.10) and 
minimum in SB (1.43). SJ1 was as par to DJ1. In case of number 
of nodes the highest value (12.98) was observed with SJ1 (Table 2). 
Results obtained in present investigation were in accordance with the 
work of who observed that JA at low concentration produced longest 
stem and more number of roots than control. Shoot length was found 
to be maximum (15.11cm) in SB and minimum (4.65cm) in SJ2. JA 
in higher concentration was detrimental to plants. Same result was 
reported21 that JA at higher concentration had decreased shoot length. 

Table 2 Observations for number of branches, number of nodes and shoot 
length after 3rd subculturing

Treatments No. of Branches No. of Nodes Shoot length(cm)

SB 1.07 8.96 13.34

SJ1 2.09 12.98 8.05

SJ2 1.81 4.48 4.65

DB 3.1 12.66 8.5

DJ1 2.04 9.07 8.91

DJ2 2.03 6.98 11.19

SEM (±) 0.865 0.36 0.33

CD (5%) 0.27 1.13 1.05

CV 7.39 6 6.34

Proliferation during fourth sub culturing 

Before transferring the plantlets into pre-tuberization medium 
observation were taken. The maximum number of branches was 
recorded in SJ1 (2.54). SJ2 was at par with DJ2. This is confirmed that 
JA had shortened the shoots as compared to control, more shortened at 
higher concentration.20,21 Plantlets grown with 5mg/l JA were not able 
to develop healthy plantlets so it is concluded that lower concentration 
of JA was best for shoot proliferation. Kumlay22 also observed that the 
highest number of shoots, roots, leaves, and nodes in low concentration 
as compared to higher concentration of jasmonic acid. Since higher 
concentration caused significant delay in explant development that 
resulted in deterioration in morphological characteristics of and fresh 
weight of morphological characteristics of developing plantlets. 
However, control treatment showed an inhibitory effect on all of the 
studied plantlet characteristics; furthermore, it hardly allowed shoot 
and root development. Maximum number of nodes were recorded in 
SJ1 (11.77) followed by DB (9.55). Minimum number was recorded 
in SJ2 (5.77). Maximum shoot length was recorded in DB (15.11) was 
followed by SB (9.11). Shoot length was minimum in (4.66) n SJ2 
(Table 3) & (Figure 9).

https://doi.org/10.15406/apar.2018.08.00399


In-vitro microtuber production in potato cultivar kufri himalini 651
Copyright:

©2018 Samant et al.

Citation: Samant A, Kumar VA, Kumar A, et al. In-vitro microtuber production in potato cultivar kufri himalini. Adv Plants Agric Res. 2018;8(6):648‒653. 
DOI: 10.15406/apar.2018.08.00399

Table 3 Observations for number of branches, number of nodes and shoot 
length after 4thsubculturing

Treatments No. of Branches No. of Nodes Shoot length(cm)

SB 1.1 7.88 9.11

SJ1 2.54 11.74 7.99

SJ2 1.43 5.77 4.66

DB 1.73 12.66 15.11

DJ1 1.77 9.55 9.44

DJ2 1.44 7.1 7.1

SEM(±) 0.55 0.291 0.392

CD(5%) 0.174 0.918 1.23

CV 5.75 5.98 7.63

Figure 9 Number of nodes during 2ndsubculturing (%).

Tuberization

Tuberization was obtained after proliferation of shoots in pre-
tuberization media. Observations were recorded for days to tuber 
initiation, number of microtubers, average weight of microtuber, yield 
and diameter of largest microtuber in response to the effect of BA 
and JA in various treatments. Microtuber initiation started earliest at 
3.66 days in SJ1 hence ir proved best, maximum days were recorded 
in SJ2. Maximum number of micro tubers (17.82) was developed 
in SJ1 and minimum in SJ2 thereby implying that number of micro 
tubers increased at lower concentration of JA i.e. 1mg/l. Highest yield 
of micro tubers was observed in SJ1 (4025.93 mg) and minimum 
as in SJ2 (460.99 mg). The maximum diameter was observed in 
SJ1 (12.73mm) and minimum (2.713mm) was in SJ2 (Table 4) and 
(Figure 10). Here SJ1 proved better because Jasmonic acid acted as 
growth inhibitor and improved the size and number of micro tubers 
and induced the tubers earlier than BA. Several workers have reported 
that JA, a growth regulator produced by plants exposed to stress,23 was 
highly effective in the induction of24–27 also used BA (15.0 μM) and 
observed that micro tubers were induced after 20-26 days with yield 
of 226.66 mg per plantlet. Similar though Zakaria et al.28 showed early 
microtuber induction by use of 500 mg/l of CCC within 15.9 days. The 
use of JA in present investigation was more effective than CCC as pre-
treatment of proliferated cultures using JA @ 1mg/l (SJ1) took only 
3.66 days. Similar study was done by Pruski et al.12 that pretreatment 
of single nodal segments prior to taking them for tuberization was an 
effective inducer for microtuber production (Figure 11).

Table 4 Observations for different parameters after tuberization

Treatments Days No. of microtubers Weight of microtubers (mg) Yield of microtubers Diameter of largest microtuber

SB 11 12.52 191.31 2172.74 10.25

SJ1 3.66 17.82 226.03 4025.93 12.73

SJ2 19 3.58 55.16 199.23 2.71

DB 9 13.57 253.86 344.63 10.06

DJ1 5 14.81 255.46 3341.41 11.04

DJ2 17 7.9 63.09 497.236 6

SEM(±) 0.29 0.212 3.24 37.54 0.34

CD (5%) 0.91 0.67 10.21 118.27 1.09

CV 4.69 3.15 3.22 2.84 6.83

In vitro micro propagation of potato had varied effect among 
different cultivars in response to explant, sucrose and growth 
regulator.27 Reasons for getting different results in different cultivars 
were due to the effect of genotype which is variable causing 
tuberization responses in vitro25 pointed out that the most important 
factors were the parent-offspring relationship and the genetic presence 
or the effects of wild Solanum species which were dependent on the 
number and the phase of hybridization and on the interbred species. 
Thus the genetic origin of a clone played a basic role in tuberization 

under in vitro conditions tested but environmental stimuli, such as 
photoperiod or light intensity, modified its effect. It indicated that 
variation in number, yield may be due to different genotype used 
in experiment. In summary, based on the work done for improving 
the microtuber production methods and increasing the efficiency for 
obtaining a suitable grade of seed size, it was clearly observed that the 
use of JA along with single node cuttings resulted in early initiation 
of microtuber induction for increasing the number and total yield of 
microtuber.28–32
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Figure 10 Effect of Jasmonic acid on shoot proliferation during 4thsubculturing.

Figure 11 Comparison of harvested microtubers in different treatments.
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