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Abstract: Potato is the world's fourth largest food crop after wheat, rice and maize. A comparative study of
cytokine and auxin effect on in vitro regeneration potential of three potato varieties Santay, Hermis and SH-5
were tested for direct multiple shoot regeneration. Murashige & Skoog (MS) media having three different
growth hormones 6-benzylaminopurine (BAP), Kinetine (Kin) and Naphthalene acetic acid (NAA) were used.
Results showed that the combination of two cytokinins (BAP + Kin) gave best response to multiple shoot
induction as compared to the combination of cytokinin (Kin) and auxin (NAA). There was significant
differences  were  observed  among  explants  and  growth  hormones  for  direct multiple shoot regeneration.
The  nodal explant  gave  best  response  to  multiple  shoot  regeneration  on  BAP in combination with Kin.
The Hermis produced maximum mean number of shoots i.e. 13.10. Most suitable medium was MS medium
supplemented with 2.0 mg/l BAP in combination with 0.1mg/l Kin for direct multiple shoot regeneration in
potato.
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INTRODUCTION overcome through tissue culture and genetic engineering

Potato (Solanum tuberosum L.) is a major world food disease elimination are the major areas of plant tissue
crop, belongs to family Solanaceae. It is vegetatively culture [2]. Effects of nutrient media, hormonal factors,
grown crop and almost no dish is complete without it. cultivar, temperature and light intensity etc have also
Although potato yield differs according to the been investigated. Suitable conditions were determined
environmental factors and production techniques, the [3]. Regeneration of shoots and roots are important in
main factor affecting the yield is seed. Conventional tissue culture  techniques   for   plant   improvement  [4].
method of vegetative propagation in potatoes is often A large number of clonal plants and multiple shoot
prone to pathogens such as fungi, bacteria and viruses, induction lead to produce disease free plants and seed
thereby poor quality and yield obtains. The produce in tubers [5]. Multiple shoot regeneration was used to obtain
Pakistan is far below than in developed countries. the large number of plants. Many researchers have been
Pakistan meets only 4% of its seed requirements and rest conducted  their  research  on  potato  micropropagation
rely on low quality and infected seed. Therefore healthy [6-9]. Explants are the important factor for the successful
potato seed should be used regeneration for every year. in vitro potato regeneration [4]. Many explants like nodes,
Consequently,  much  attention has been focused on the internodes, shoot tips, leaf, tuber discs and unripe zygotic
in vitro culture for production of virus-free potatoes [1]. embryos were used. The micropropagation capacity was
The incompatibility problems in potato have been also  subjected  by the effect of both cultivars and growth

approaches. Clonal propagation, varietal improvement and
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hormones  [10].  Phytohormones  play an important role to Eight different combinations of growth hormones
influence the in vitro regeneration [11]. In vitro plants are
grown on defined medium and growth of explant is
dependant upon the right combination of growth
regulators [12]. The application of cytokinins is very
important for the induction of multiple shoots in many
crops [13] Individual hormone has its own effect on
regeneration. The combined effect of hormones is needed
to  study  for  the efficient regeneration of potato [7].
There was a dire need to determine which genotype,
explant and media composition were more efficient for
direct multiple shoots regeneration and for their better
utilization in commercial purposes. The objective of the
present study was to check the response of different
explants, varieties and growth hormones for direct
multiple shoot regeneration in potato.

MATERIALS AND METHODS

Research work was conducted at Plant
Biotechnology Program (PBP), National Agricultural
Research Centre (NARC), Islamabad during the year 2010.

For the establishment of multiple shoot regeneration
protocol, the choice of explants is very important, so two
explants i.e. shoot tip and node were used in this study.
The size of node and shoot tip was ranged from 0.5-1.0 cm
and 1-2 cm, respectively. These were excised and cultured
under aseptic condition from one week old in vitro
plantlets  of  three  potato  varieties Santay, Hermis and
Sh-5. The MS medium was used as a basal medium with
different concentrations of BAP, Kinetine and NAA
(Table 1). The pH of the culture media was adjusted to 5.8
before autoclaving. The desired media was subjected for
sterilization in the autoclave machine at 121°C for 15mins.
Ten jars; each containing three number of explants were
cultured.

Table 1: Composition of regeneration medium (MS medium supplemented

with BAP, Kinetine and NAA) for multiple shoots regeneration

Treatments (Phytohormones) BAP (mg/l) Kin (mg/l) NAA (mg/l)

T1 1.0 0.1 0.0

T2 1.5 0.1 0.0

T3 2.0 0.1 0.0

T4 2.5 0.1 0.0

T5 0.0 1.0 0.1

T6 0.0 1.5 0.1

T7 0.0 2.0 0.1

T8 0.0 2.5 0.1

(Table 1) were used for each experiment. The effect of
growth  hormones  for multiple shoots was observed.
They were kept in the growth room under 16hrs
photoperiod at 25±2°C. Three factors i.e. treatment,
explants and varieties were considered in this study.

Data was collected and analyzed. Three factorial
ANOVA was applied with the help of computer software
MSTAT-C and their means were compared by using
Duncan's Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

For the maintenance of true to type plants and to
avoid the somaclonal variations, direct regeneration has
the advantage over the callus. The three factors, namely
growth hormones, explant and varieties had significantly
different effects on direct multiple shoot induction. A
large number of shoot was regenerated due to application
of growth hormone. Optimum concentration of growth
hormones is crucial for multiple shoot regeneration in
potato.

BAP in combination with Kin gave best results for
shoot multiplication as compared to Kin + NAA. The
mean number of multiple shoots was increased by
increasing the BAP concentration from 1.0 to 2.0 mg/l in
combination with 0.1 mg/l Kin but at high concentration
of BAP i.e. 2.5 mg/l, the number of shoots was decreased
in all varieties and explants (Table 1). It was noticed that,
in higher concentration of both the hormone the number
of shoot regeneration was decreased. The negative effect
of higher concentration of hormone was observed on
shoot multiplication [14].

Statistical analysis showed that different growth
hormone combinations gave highly significant effect on
shoot multiplication in all the three varieties and explants.
The maximum number of shoots was regenerated by the
application of both cytokinin as compared to cytokinin
and  auxin.  Maximum  mean  number  of  shoots (13.10)
was observed when 2.0 mg/l BAP + 0.1 mg/l Kin was
included in MS medium (Table 1). Average number of
shoot also higher in the same treatment, which is
statistically different from rest of the treatment. BAP is
one of the most important cytokinins which play an
important role in the multiplication and microprogation of
the  plants  [15,  16] found that the sugarcane genotype
(CP  77-400) gave best shoot induction response on MS
medium supplemented with 1.0 mg/l BAP. Most
regeneration was observed only on explants with BAP.
[17]  reported  that  when  different  concentrations of two
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Table 1: Effect of different concentrations of BAP with 0.1mg/l Kin on multiple shoot regeneration in three potato varieties i.e Hermis, Santey and Sh-5
Treatments Hermis Santey Sh-5
------------------ ------------------------------------------- ------------------------------------------- ---------------------------------------------
BAP Kin Node ± SE Shoot tip ± SE Node ± SE Shoot tip ± SE Node ± SE Shoot tip ± SE
1.0 0.1 1.50±0.1 1.00±0.0 1.33±0.4 1.20 0.7 j 1.30±0.6 1.80±1.0hi j ij i ij gh

1.5 0.1 4.20±0.4 2.57±0.7 3.90±1.0 2.60±2.0 3.00±0.4 2.40±0.4d ef d ef e ef

2.0 0.1 13.10±1.7 7.57±1.7 12.90±2.1 6.40±1.0 12.70±2.7 7.50±1.5a b a c a b

2.5 0.1 2.80±0.6 2.00±0.1 2.40±1.0 1.90±0.8 2.40±0.1 1.50±0.3ef fg ef fg ef hi

LSD 0.8320.01

Table 2: Effect of different concentrations of Kin with 0.1mg/l NAA on multiple shoot regeneration in three potato varieties i.e Hermis, Santey and Sh-5
Treatments Hermis Santey Sh-5
------------------ ------------------------------------------- ------------------------------------------- ---------------------------------------------
Kin NAA Node ± SE Shoot tip ± SE Node ± SE Shoot tip ± SE Node ± SE Shoot tip ± SE
1.0 0.1 1.20±0.2 1.00±0.0 1.00±0.0 1.00±0.0 1.30±1.4 1.10±0.7de e e e cde de

1.5 0.1 1.50±0.1 1.63±0.6 1.60±0.8 1.00±0.0 1.50±1.1 1.20±0.2cde cde cde e cde de

2.0 0.1 2.00±0.2 1.80±0.3 1.70±0.5 1.30±0.2 1.70±1.1 1.50±0.6c cd cde cde cde cde

2.5 0.1 6.80±3.0 4.50±0.5 6.20±1.4 4.80±0.4 6.30±0.9 4.20±1.6a b a b a b

LSD 0.6150.01

Fig. 1: (a) Control (MS media) explant showed single plant regeneration.
(b) Multiple shoot regeneration on 2 mg/l BAP + 0.1 mg/l Kin.
(c) Multiple shoot regeneration on 2.5 mg/l Kin + 0.1 mg/l NAA

cytokinins were used, they produce shoots and BAP was shoots  as  compared  to  shoot  tips  on both
more effective. When BAP was used in moderate combinations of growth hormones (Tables 1 and 2).
concentration,  it  can  bring  significant  improvement in Statistical  analysis  showed  that  explants  showed
in vitro multiple shoot induction [5]. Our results closely highly  significant  effect  on  shoot multiplication for all
correlate with the findings of [18, 19] in which they the  three  varieties  on all treatments. Our results are
reported that the BAP showed better response to produce similar  to  [5]  who  found  that  nodes  gave best
multiple shoots. response  for  shoot  multiplication.  [18] also observed

There are several reports of In vitro organogenesis in the  variation  among  four  explants  i.e.  nodes,
potato using explants derived from various organs and internodes, leaf discs and shoot tips of potato for multiple
tissues, such as stems, leaves, root, petiole etc, the shoot regeneration. In his findings, nodal explants
frequency of regeneration has been very low [20]. showed high morphogenic potential for direct
However,  the  present study indicated that nodes have regeneration. The results of [21] deviated from our
the  great  effect on the direct multiple shoot induction. findings who obtained best response from shoot tip
The nodal explants produced more mean number of explants on BAP @ 2 mg/l.
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In in vitro condition, there were significant and posttranscriptional interactions [23]. Results of this
differences among the growth hormones, varieties and study have pointed out that the optimal hormone
explants were observed (Table 1). The result showed that combination may be unique for each potato cultivar and
the micropropagation capacity was influenced by the explant. Furthermore, the inhibitory effect of auxin on
effect of both explant and growth hormones. It was multiple shoot induction has been demonstrated in
reported that the micropropagation of plants depends on numbers of plants. In cotton [24], faba bean [25] and
the genotype, the nutrients in the culture media and the mung bean [26] was reported that the addition of NAA to
hormonal balance [10]. Plant growth hormones medium containing cytokinin did not improve shoot
supplemented in the nutrient medium are one of the most multiplication rate.
significant factors affecting the efficiency of The cytokinin-auxin combination has also been used
micropropagation [11, 13] reported that it has become widely for shoot regeneration in various protocols
compulsory to add different cytokinins, viz., BA, Kinetin, developed for other general cultivars of potato. The
TDZ, Zeatin, etc. exogenously for induction of multiple present study proved that the combination of two
shoot in many plants. Comparing the hormonal cytokinins (BAP + Kin) gave best response to multiple
combinations for multiple shoot regeneration in three shoot induction as compared to the combination of
potato cultivars, it was observed that when different cytokinin (Kin) and auxin (NAA).
concentrations of BAP + Kin were applied, the significant
differences were observed inside each cultivar, between ACKNOWLEDGEMENT
the  explant  and  among the hormonal combinations
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