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ABSTRACT

For this study, Agria and Marfona cultivars of potato (Solanum tuberosum  L.) were used. After

thermotherapy and meristem isolation of cultivars, their meristems were placed on Filter Paper Bridge in liquid

medium. The plantlets resulted from meristems were micro-propagated in solid medium by using single node

cuttings culture method. Plantlets were grown at 25<C and 16 hr photoperiod with 2000 lux light intensity for

one month. Then the effects of different combinations of NAA (auxin) and BAP (cytokinin) hormones (each

in four concentrations: 0, 0.5, 1, and 1.5 mg.l ) were investigated on both rooting and growth of potato single-1

3nodes. Modified solid (MS) medium with GA  (0.25 mg.l ) and calcium pantothenate (2 mg.l ) were applied-1 -1

in this stage. Results showed that there are significant differences between Agria and Marfona cultivars. The

best medium for rooting and shooting was modified solid (MS) medium without NAA and BAP. Application

of BAP and NAA decreased shooting and rooting of single nodes in medium culture. Also, after plantlets

micro-propagation in selective medium (control), the effects of four potting mixes on plantlets morphological

traits and mini-tuber production were studied in greenhouse. Results showed that there are significant

differences between different potting mixes. Peat moss/sand (4:1) was the best potting mix for plantlets growth

and mini-tuber production.
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Introduction

Potato is one of the most important food crops.

After wheat, maize and rice, potato is the fourth

most important food crop in the world with 311

million tonnes produced from 19 million hectares [5].

Potato can be propagated sexually (by botanical seed,

also called true potato seed) and asexually

(vegetatively) by means of tubers [12]. propagated by

tubers  is a conventional system  that used by

farmer. There are two major problems associated

with conventional clonal multiplication of potato-seed

stocks. Firstly, low multiplication rate in the field

that takes as long as 7 to 12 years, causing a lack of

flexibility to the changing needs of the end-users.

Secondly, high susceptibility of potato to viral

bacterial and fungal diseases [4]. Nowadays, Micro

propagation is the alternative to conventional

propagation of potatoes. micropropagation, used as

standard methodology for production of disease free

(virus free) seed potatoes. This system involves two

stages: 1) in vitro multiplication and production of in

vitro plantlets, 2) production of minitubers in the

greenhouse [12]. Microtuber is an alternative end
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product of micropropagation, produced by allowing

in vitro plantlets to grow under tuber inducing

conditions [2]. Minitubers are small tubers of 5 – 25

mm in diameter and a range in weight between 0.1

– 10 g and sometime higher [12].

The number and size of microtubers produced in

vitro depend on many factors such as optimum

concentration of sugar, growth regulators and anti-

gibberellin compounds in the culture medium [19].

Many researchers used different growth regulators for

in vitro induction of microtuber in potato.  Growth

retardant stimulates tuberization of plants under

unfavourable environmental conditions.  ABA

decreases both microtuber production and microtuber

dormancy, whereas higher concentrations of sucrose

(60–80 g l!1) promote biomass production [10]. 

Zakaria  et al. [19] studied the effect of different

levels of benzyl adenine (0.2.5,5.0,7.5,lO.0,12.5 and

15.0 mg/I) in combination with three levels of (CCC)

chloro choline chloride. They reported that

Microtuberization was the earliest (13.3 days) at 10

mg/I BA. The number of microtuber per flask

increased with increasing rate of BA up to 10 mg/I,

and then gradually decreased with further increase of

BA concentration. Zahhar Abbas and Jaffar Abass

[18] studied in vitro effects of Gibberellic Acid on

morphogenesis of Potato explant. Result showed that

efficiency of microtuberization was dependent on

Kinetin and BA concentration. Maximum numbers of

microtuber per plantlet were obtained in the media

supplemented with high concentrations of Kinetin

(15.0 and 20 ìM).  The highest microtuber yield was

also obtained MS medium containing 15 ìM Kinetin.

Among Kinetin concentrations, 2.5 ìM was the least

effective. Kinetin at concentrations greater than 10

ìM resulted in induction of Microtuberization [16].

Rafigue et al [13] reported that maximum

number of microtubers in potato was achieved when

sucrose 6% and BAP 1 ìM in media. Sucrose and

BAP had also  significant effect on shoot and root

length. In the other study, Imani and et al [8]

reported  that sucrose 60g/l and BAP 15g/l showed

maximum number of microtubers. Maximum size of

microtuber was achieved in sucrose 60g/l and BAP

12g/l (14). Microtuber production affected by type of

explants. Among the three different explants (nodal

segment, sprout and shoot apex) nodal cutting

showed the best performance on days to microtuber

formation and average weight of microtuber Hoque

[7].

Differences between varieties have also been

reported. Nistor et al [10] studied Influence of potato

genotypes on “in vitro” production of microtubers.

The result showed that Ostara variety, recorded the

lowest number of microtubers/plantlet. The highest

number of microtubers/culture vessel was obtained in

Roclas variety (28.13), followed by Ostara (18

microtubers/recipient). The effect of plant growth

regulators, cultivars and substrate combination on

production of virus free potato minitubers was

studied by Roodbar Shojaei  et al. [14]. They showed

that Marfona had the greatest number of minitubers

and Agria had the lowest. There are no any

significant differences in minituber diameter between

the cultivars. Te same result was reported by

Modarres Sanavy and Jami Moeini [9] that  studied

the effect of cultivars, NAA (Naphthalene acetic

acid), BAP (6-Benzyl-amino purine) growth

regulators and different soil combinations in

production of minituber of Agria and Marfona in the

plantlets that were achieved with meristem culture. In

this study Marfona produced the largest number of

minituber.

Planting bed had great effects on mini-tuber

production. Obradovic and Sukha, [11] showed that

potting mix with 80% of vermiculite and 20% of

sand is the optimal mixture for plantlets growing and

producing the most mini-tuber yield in greenhouse.

Fazeli Sabzevar et al. [6] reported among peat mass:

perlite (3:1), turf: perlite (3:1), Leaf mould: perlite

(3:1) and rice hull: turf (1:1), rice hull: turf (1:1) was

superior to other beds for mini-tuber production.

Materials and method

In this research, Agria and Marfona potato

cultivars were planted in pots containing soil and fine

sand under greenhouse conditions. When potato

plants grew sufficiently, the apical buds were

removed with an aim to grow lateral buds and

produce more branches. These plants were

subsequently moved to a thermotherapy room and

were kept under 7500 lux light intensity with 16 hr

photoperiod, 37ºC and a relative humidity of 60-65

%.

The pots were moved to the laboratory for

meristem isolation after 4-5 weeks. Lateral buds were

used for meristem isolation under complete sterile

conditions in laboratory. Isolated meristems were

placed on Filter Paper Bridge in liquid medium.

3Modified MS medium with GA  (0.25 mg.l ) and-1

calcium pantothenate (2 mg.l ) were applied in this-1

stage.

The plantlets resulted from meristems were

micro-propagated in the solid medium via Single

Node Cuttings culture method. The special flasks

containing 40 ml of modified solid medium (MS)

3with 0.25 mg.l  GA  and 0.01 mg.l  NAA were then-1 -1

applied. Plantlets were grown at 25 ºC and 16 hr

photoperiod with 2000 lux light intensity for 1

month. Finally, these plantlets were used for the

experiment.
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The experimental design was factorial in a base

of complete randomized design with 3 factors. In this

experiment, Agria and Marfona cultivars, and each of

NAA (auxin) & BAP (cytokinin) were used as

factors. The hormones had 4 levels (0, 0.5, 1, and

31.5 mg.l ). Modified MS solid medium with GA-1

(0.25 mg.l ) and calcium pantothenate (2 mg.l )-1 -1

were applied in this experiment. The treatments were

replicated for 6 times. For media preparation, calcium

pantothenate was firstly sterilized through filtration

due to its sensitivity to temperature, and secondly

added to the culture medium under laminar

apparatus. Other components of medium were

sterilized by Autoclave. Special tissue culture flasks

containing 40 ml of solid medium and different

hormones were used in this stage of experiment.

Apical buds and roots of plantlets from the

previous stage were removed and each plantlet was

divided into 4-8 cuttings. The three Single Node

Cuttings were each placed on medium level in a

seperate flask. After providing all treatments, the

samples were moved to a growth-chamber under

25ºC, 2000-lux light intensity and 16 hr photoperiod

condition. Then, the effects of NAA (auxin) and

BAP (cytokinin) hormones on root number, plantlet

length, nodule number, large root length, as well as

on leaf size were investigated and the best hormone

combination was selected.

The plantlets of Agria and Marfona potato

cultivars propagated in selective medium by using

Single Node Cuttings culture method under optimum

light-intensity and temperature for a period of 1

month. After plantlets growth had completed, they

were moved to the greenhouse, and the effects of

four potting mixes were studied on morphological

traits and mini-tuber production of plantlets. The

experimental design was factorial in base of complete

randomized design with 2 factors. Agria and Marfona

cultivars and four potting mixes were used as factors

and each treatment was replicated 8 times. Potting

mixes were perlite/sand/loamy soil in 1:1:1 ratio, peat

moss/sand in 4:1 ratio, loamy soil/leaf compost/sand

in equal ratio and rice hull/loamy soil in 2:1 ratio.

Plastic pots of 15 cm diameter were used for each

plantlet seperately. The plants in pots were

investigated after 3 and 4 months for morphological

traits and mini-tuber production, respectively.

Results and discussion 

In the first experiment, there were significant

differences between Agria and Marfona cultivars for

all examined traits except for leaf size (plantlet

length, nodule number and large root length) at 1%

level (Table 1). Plantlet length and nodule number in

Agria cultivar (3.62 cm and 5.41, respectively) were

more than Morfona cultivar (3.32 cm and 4.79).; root

number and large root length in Marfona (3.98 cm

and 4.06, respectively) were more than Agria cultivar

(3.19 cm and 3.30).

The effects of using hormone combinations were

different on rooting and shooting of plantlets resulted

from meristem culture (Table 2). Application of BAP

and NAA decreased shooting and rooting of single

nodes in medium. In this experiment, differences

between NAA concentrations were significant at 1%

level for plantlet length, root number, large root

length, and leaf size (Table 1). Application of NAA

hormone in medium decreased these traits in potato

cultivars. NAA hormone at 1/5 mg L  concentration-1

had the most reduction in root number and root

length and root length (Table 2).

Differences between BAP concentrations were

significant at 1% level for the investigated traits

(Table 1). BAP hormone in medium decreased

plantlet length, nodule number, root number (Table

2) and large root length in both potato cultivars

studied. Treatment without BAP produced the best

shooting and rooting in single nodes; BAP also

decreased leaf size in both cultivars (Table 2).

Interaction effects between hormones (BAP and

NAA) were significant at 1-% level for plantlet

length, root number and large root length (Table 1).

Interaction effects between cultivars and hormones

(BAP and NAA) were significant at 1% level for

root number and large root length (Table 1). The

interaction effects showed that reaction of potato

cultivars to root number (Fig. 1) and root length (Fig

2) were different in BAP and NAA concentrations.

Also interaction effects between BAP and NAA

hormones were significant at 1% level for root

number and large root length and the reaction of

potato cultivars to these traits were different in

various hormone combinations (Fig. 3).

In greenhouse, plants survey and data analysis

showed that there were significant differences

between potting mixes for morphological traits (stem

length, nodule number, stem diameter and leaf size.

Cultivated Plantlets in peat moss/sand (4:1) had more

growth rate and better morphological traits than

others (Table 4).

Results from data analysis showed that there was

a significant difference between the two potato

cultivars for stem length at 5% level (Table 3);

Marfona cultivar had more stem length (59.06 cm)

than Agria (51.06 cm). 

Stem lengths significantly differed between the

potting mixes at 1% level; peat moss/sand produced

the most stem length. Pearlite/sand/loamy soil, loamy

soil/leaf compost/sand and rice hull/loamy soil had

low stem lengths respectively, but their differences

were not significant (Table 4).
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Fig. 1: Effect of different BAP (a) and NAA(B) hormone concentration on root number
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Fig. 2: Effect of different BAP(A) and NAA(B) hormone concentration on root length

Fig. 3: Interaction between BAP and NAA concentration on root number(A) and root length(B) 

In this experiment, differences between potting

mixes were evident at 1% level for nodule number

(Table 3); the most and the least nodule numbers

were produced in peat moss/sand and rice hull/loamy

soil, respectively (Table 4).

Stem diameter was different between potato

cultivars at 1% level (Table 3) and Agria cultivar

had more stem diameter than Marfona (Table 4).

There were differences between potting mixes for

stem diameter at 1% level (Table 3). The largest
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stem diameter was obtained from peat moss/sand

mix. Other potting mixes didn’t show significant

differences for this trait (Table 4). Interaction effects

between cultivars and potting mixes were significant

at 1% level for stem diameter. The interaction effects

showed that reaction of potato cultivars to stem

diameter were different in potting mixes. (Table. 4)

Leaf size was not different between the two cultivars,

but differences between potting mixes were

significant at 1% level (Table 3). Cultivated plantlets

in peat moss/sand mix were relatively bigger in leaf

size and leaf area (Table 4).

Production of mini-tuber was investigated 4

months after the translocation of plantlets to

greenhouse. Cultivated plantlets in peat moss/sand

produced mini-tuber while other treatments did not

produce any tuber (Table 4). This can be justified by

the low growth and leaf area of plantlets in our

treatments.

There was no significant difference between
cultivars regarding the mini-tuber number, but potting
mixes were different at 1% level for this trait (Table
3).

The difference between Agria and Marfona
cultivars was not significant for total mini-tuber
weight but potting mixes had different effects on
mini-tuber production at 1% level (Table 3).

Potato cultivars were different for average mini-
tuber weight at 1% level, and Agria cultivar had
more average mini-tuber weight compared to
Marfona (1.21 g and 1.04, respectively) (Table 4).
There were significant differences between potting
mixes for this trait so that the peat moss/sand potting
mix was relatively more favorable in this treatment
(Table 4). Interaction effects between cultivars and
potting mixes were significant at 1% level for
average mini-tuber weight and the reactions of potato
cultivars to average mini-tuber weight were different
in various potting mixes.

Table 1: Analysis of variance for plantlet length, nodule number, root number, largest root length and leaf size as affected by treatment

Source of variation M ean of square

------------------------------------------------------------------------------------------------------------------------------------------

d.f. Plantlet length (cm) Nodule number Root number Largest root length (cm) Leaf size (1-4)

Cultivar (C) 1 4.29** 18.13** 30.08** 27.83** 0.52

BAP concentration 3 118.24** 229.24** 91.63** 121.41** 35.85**

NAA concentration 3 3.27** 0.53 44.40** 25.91** 2.06**

C*BAP 3 0.66 1.55 2.24** 8.72** 0.12

C*NAA 3 0.81 0.42 4.01** 4.56** 0.02

BAP*NAA 9 3.55** 1.84 14.81** 4.91** 0.58*

V*BAP*NAA 9 0.64 1.15 3.50** 2.45** 0.04

Experimental error 160 0.34 1.28 0.52 0.60 0.29*

And ** significant at 5% and 1% probability levels respectively

Table 2: Effect of BAP concentration and NAA concentration on plantlet length, nodule number, root num ber, largest root length and

leaf size

BAP concentration (mg L ) Plantlet length (cm) Nodule number Root number Largest root length (cm) Leaf size (1-4)-1

0 5.80 a 8.35 a 5.58 a 6.06 a 3.54 a

0.5 3.05 b 4.38 b 3.40 b 3.04 b 2.08 b

1 2.56 c 3.88 c 2.83 c 2.97 bc 1.77 c

1.5 2.49 c 3.79 c 2.52 d 2.67 c 1.69 c

NAA concentration (mg L-1)

0 3.86 a - 4.79 a 4.56 a 2.56 a

0.5 3.31 b - 3.88 b 3.98 b 2.27 b

1 3.33 b - 3.06 c 3.25 c 2.15 b

1.5 3.40 b - 2.60 d 2.92 d 2.10 b

M eans followed by similar letters in each column are not significantly different at 5% level according to protected Fisher LSD .

Table 3: Analysis of variance for stem length, nodule number, stem diameter, leaf size, total tuber weight, average tuber weight, tuber

number and tuber diameter as affected by treatment

Source of variation df M ean of square

---------------------------------------------------------------------------------------------------------------------------------------------

Stem Nodule Stem Leaf Total Tuber Average Tuber Tuber Tuber

Length (cm) Number Diameter (mm) Size (1 to 4) Weight (g) Weight (g) Number Diameter (mm)

Cultivar (C) 1 870.25 5.06 4.57** 0.06 0.25 0.39** 0.25 6.06*ns  ns  ns  ns

Potting mix 3 39945. 2381.7 60.49* 14.69* 1421.67 81.47* 72.25 1538.4*

C*Potting mix 3 14.875 2.94 ns 1.13* 0.02 0.25 0.39** 0.25 6.06* ns  ns  ns

Experimental error 56 144.12 40.44 0.32 0.40 1.59 0.037 0.18 1.59  

*, ** and ns, significant at 5% , 1% probability levels and not significant respectively

Table 4: Effect of cultivar, Potting mixes and their interaction on Stem length, Nodule number, Stem diameter, Leaf size, Total tuber

weight, Average tuber weight, Tuber number and Tuber diameter.

Cultivar Stem Nodule Stem Leaf Total Tuber Average Tuber Tuber Tuber

Length (cm) Number1 Diameter (mm) Size (1 to 4) Weight (g) Weight (g) Number Diameter (mm)

Agria 51.06b 28.41a 3.37a 2.37a 4.77a 1.21a 1.00a 5.21a

M arfona 59.06a 28.97a 2.84b 2.31a 4.65a 1.04b 1.12a 4.59b
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Table 4: Continue

Potting mixes  Mean

Peat moss/Sand 98.12a 46.69a 6.02a 3.68a 18.85a 4.51a 4.25a 19.61a

Perlite/Sand/Loamy soil 47.44b 25.62b 2.3b 2.37b 0.00b 0.00b 0.00b 0.00b

Loamy soil/Leaf 37.81c 22.12bc 2.11b 1.69c 0.00b 0.00b 0.00b 0.00b

Rice hull/Loamy soil 38.12c 20.31c 2.01b 1.62c 0.00b 0.00b 0.00b 0.00b

C  *             Potting M ean

Agria P/S 93.12a 45.87a 6.63a 3.75a 19.10a 4.82a 4b 20.84a

Agria P/S/LS 44.75bc 25.62b 2.61c 2.37b 0.00b 0.00c 0.00c 0.00c

Agria LS/LC/S 34.37c 22.25b 2.24c 1.75bc 0.00b 0.00c 0.00c 0.00c

Agria RH/LS 34.5c 19.87b 2.01c 1.62c 0.00b 0.00c 0.00c 0.00c

M arfo P/S 103.12a 47.5a 5.4b 3.62a 18.60a 4.20b 4.5a 18.38b

M arfo P/S/LS 50.12bc 25.62b 1.99c 2.37b 0.00b 0.00c 0.00c 0.00c

M arfo LS/LC/S 41.25bc 22.b 1.97c 1.62c 0.00b 0.00c 0.00c 0.00c

M arfo RH/LS 41.75bc 20.75b 2c 1.62c 0.00b 0.00c 0.00c 0.00c

* And ** significant at 5% and 1% probability levels, respectively.

M eans followed by similar letters in each column are not significantly different at 5% level according to protected Fisher LSD.

Mini-tuber diameter was different between potato
cultivars at 5% level, and Agria cultivar produced

bigger mini-tubers compared to Marfona(Table 4).
There were significant differences between potting

mixes for this trait in 1% level. Interaction effects
between cultivars and potting mixes were significant

at 5% level for mini-tuber diameter. The interaction
effects showed that reactions of potato cultivars to

mini-tuber diameter were different in various potting
mixes (Table 4).

Discussion:

In the first experiment, BAP hormone application
decreased the shooting and rooting of Single Node
Cuttings resulted from potato meristem culture of

cultivars. Plantlets growth reduction resulted from
BAP hormone application is associated with apical

dominant and lateral buds growth stimulation. NAA
hormone application also decreased single nodes

growth as well as the rooting of potato plantlets.
Toxicity of high rate application of the hormone can

lower the growth and rooting of single nodes. 
The results from previous researches on this

subject have not been the same. [15] showed that
shoot production was prevented by BAP hormone

application. The maximum growth of potato plantlet
was obtained in MS medium with 0.25 mg.l-1 GA3,

2 mg.l-1 calcium pantothenate and 3% sucrose
without BAP hormone [1]. Nevertheless, Hoque 2010

showed that the MS medium with 2 mg.l-1 KIN and
IAA is the best  hormone concentration  to multiple

shoot and root regeneration. hormone increased the
optimum shoot number. Medium with 2 mg.l-1 NAA

hormone and 0.5 mg.l-1 BAP hormones produced the
maximum shoot length and nodule number [17].

Badoni and Chauhan [2] detected that  lower
concentration of auxin (0.01 mg/l NAA) with

Gibberelic Acid (0.25 mg/l GA3) is best for
development of complete plantlets and multiplication

from meristem tips.
Results from greenhouse experiments showed

that Agria cultivar produced bigger mini-tubers than
Marfona, but the two cultivars had no significant

differences for total mini-tuber weight and number.

Mini-tuber was produced only in peat moss/sand
while other potting mixes did not produce any tuber.

A few development of rooting system and lack of the
root efficiency for water and nutrients absorption

caused the prevention of mini-tuber production in
potting mixes with loamy soil. The result from this

experiment is similar to that of [6] however, has
shown that frost litter and soil composition was

suitable for mini-tuber production.
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