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Abstract. Potatoes are one of the major vegetable crops that are grown world –wide. Therefore, evaluation of 
varieties in production of virus free mini-tubers is critical. In this study the effects of different growth regulators 
were evaluated on meristem culture and sub culture of four potato cultivars. The best medium for primary 
establishment of meristem for Burren was MS medium containing 2 mgl-1 GA3, for Agria was MS containing 2.5 
mgl-1, for Marfona and Sante was MS containing 0.5 mgl-1 KIN + 3 mgl-1 GA3. The best media for subculture of virus 
free plantlets of Burren, Agria and Marfona was semi-solid MS medium containing 1.5 mgl-1 IBA + 0.5 mgl-1 BA + 2 
mgl-1 GA3 and for Sante 0.5 mgl-1 IBA + 1.5 mgl-1 GA3. The DAS-ELISA test was conducted on the grown plantlet. 
The effects of substrate combination including four planting bed in mini-tuber production were evaluated. 
 
Keywords: potato, plant growth regulators, meristem culture, sub culture media,  

substrate combination, mini-tuber. 
 
 
 

Abbreviations: MS (Murashige and Skoog), BA (Butyric Acid), IBA (Indol Butyric Acid), NAA (Naphthalene 
Acetic Acid), GA3 (Gibberlic Acid), BAP (6-Benzyl-Amino Purine), KIN (6-Furfuryl amino purine), DAS-
ELISA (double antibody sandwich ELISA), Completely Randomized Design (CRD). 

 
 
 
Introduction 
 
The potato (Solanum tuberosum L.) originates from the 
western hemisphere and the Andes mountain range in 
South America (Woolf 1986). Potatoes are one of the 
most important crops in the world today. It is 
considered to be the most important vegetable crop and 
is ranked fourth after rice, wheat and maize in terms of 
total production of fresh weight (Tadesse 2000). It had 
20 million hectares planting area in the world in 2005 
and 324.49 million tons (FAO 2007) were produced. The 
area under potato production in Iran is 189670 hectares 
and produces 25763 kilograms per hectare (Anonymous 
2005). In the common environment conditions the 
potato is infected with 25 viruses and one viroid which 
X, Y, A and S viruses have a large effect in potato 
infection (Salazar 1996). Frequency of PVY and PLRV 
are higher than PVS and PVX (Bostan & Haliloglu 2004). 
Researchers reported that some viruses can decrease the 

yield by 40% lonely and in combination with other 
viruses the loss is 90% (Siddiqui et al. 1996). In Iran 
many of the used tubers have virus infection, and a 
virus free field is rarely found. The meristem in the 
virus infection plants have a minimum concentration of 
virus or are virus free and the best control method for 
potato viruses is production of healthy plants from 
meristem culture  (Espinoza et al. 1992). The numerous 
and different tissue culture methods were done in 
potato as one of the first nutritional products (Wersuhn 
& Dathe 1998). 

These methods allow rapid multiplication of potato 
clones (Ahloowalia 1994). White (1943) reported the first 
production of virus free plantlets with tissue culture 
method. He showed that mosaic virus concentration in 
the old region of tomato roots is less than in the younger 
region. Producing mini-tubers from in vitro plantlets 
allows a faster multiplication rate in seed tuber pro-
duction programs and reduces the number of field 
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generations needed (Imma & Mingo-Castel 2006). The 
mini-tubers must have a minimum of phytopathogenic 
infections and must be true-to-type. The difficulty lies in 
the fact that tubers naturally tend to accumulate and 
transmit viral, bacteriological and fungal diseases to the 
next generation, which progressively weakens the plant 
production potential (Balali et al. 2008). Therefore 
production of virus free plantlets and mini-tubers is 
important. Ebadi et al. (2007) demonstrated that the best 
medium for meristem culture was MS containing 0.1 
mgl-1 NAA + 0.25 mgl-1 GA3. Nagib et al. (2003) stated 
that the best media for meristem culture is the MS liquid 
containing 0.5 mgl-1 GA3 + 0.04 mgl-1 KIN, and in 
subculture phase the larger number of stem, root and 
the larger stem length was achieved in MS semi-solid, 
containing 0.5 mgl-1 IBA + 0.5 mgl-1 BA. Vanaei and 
coworkers (2008) showed that the best medium for 
meristem culture and in subculture phase was MS 
containing GA3 and KIN. Marfona produced the largest 
number of mini-tubers and mixture of turb/perlite in 
the ratio of 1:1 had the highest value for total weight 
and number of mini-tuber. Other results indicated that 
the best medium for subculture is MS without any 
growth regulators (Pajohandeh 2001). Some others 
showed that the GA3 growth regulator has a major role 
in culture of plantlets that was achieved with the 
meristem culture method (Goodwin et al. 1980, Hoque 
et al. 1996, Sarker & Mustafa 2002). Modarres Sanavy & 
Jami Moeini (2003) studied the effect of cultivars, NAA, 
BAP growth regulators and different soil combination in 
production of mini-tuber of Agria and Marfona in the 
plantlets that were achieved with meristem culture. 
They showed that the Marfona produced the largest 
number of mini-tuber and mixture of peat moss and 
sand in the ratio of 4:1 proved best for growing plantlets 
and mini-tuber production. Balali and colleagues (2008) 
studied the effect of genotype, planting date and pot 
size in production of mini-tuber in the plantlets that 
originated from virus free sprouts and a genotype of the 
same cultivar (Marfona) originated from apical 
meristem. They used sterilized soil (two parts sandy 
loam, one part decayed compost). The results showed 
that the number of mini-tubers per plant was higher for 
genotypes originated from meristem culture than 
genotypes obtained from sprouts. 
 
 
Materials and Methods 
 
Due to the importance of production of plant and virus free 
mini-tubers and necessity of production of mini-tuber in some 
countries, in this study the growth regulators’ effects and 
different cultivars in meristem culture and production of 
potato mini-tubers were evaluated. Therefore four commercial 
cultivars of Burren, Agria, Marfona and Sante were cultured in 

the Potato, Onion and Irrigated Legumes Department of Seed 
and Plant Improvement Institute’s green house. After one 
month stems were harvested, cut and washed with running tap 
water, then the cuttings were placed in 70% ethanol for 30 
seconds under laminar flow, afterwards 18 minutes in sodium 
hypochlorite of 1% concentration with two drops of tween 20, 
next they were washed three to five times with sterilized 
distilled water. Afterwards with scalpel and needle the 0.2 to 
0.5 mm meristems were separated and cultured in test tubes on 
the M-bridge containing MS liquid media containing BA and 
KIN in three levels of 0, 0.5 and 1 mgl-1 and GA3 in four levels 
of 0, 2, 2.5 and 3 mgl-1 single and combination either (Fig 1). 
The experimental design was completely randomized design 
with 10 replications, later we put the test tubes in the growth 
chamber with 25°C temperature and a light period of 16 hours 
(3000-4000 Lux) and 8 hours darkness period. The best time for 
subculture was considered. After three to four weeks the 
plantlets were evaluated for stem length. To determine the best 
media in the subculture phase, the plantlets were transferred in 
four different hormonal combinations of MS Semi-solid 
without any growth regulators (MS0), MS Semi-solid 
containing 0.5 mgl-1 BA + 0.5 mgl-1 IBA, containing 0.5 mgl-1 
IBA + 1.5 mgl-1 GA3 and containing 0.5 mgl-1 BA + 1.5 mgl-1 
IBA + 2 mgl-1 GA3 with nine replications; therefore the best 
media for subculture were evaluated with statistical software 
in a completely randomized design. Meristem derived plantlets 
which had optimum growth were transferred to MS medium 
without any growth regulators to stimulate the same vigor of 
the plantlets. After optimum growth, some leaves from each 
plantlet were separated under laminar flow and a DAS-ELISA 
test was performed; then the virus free plantlets were moved to 
greenhouse and the effects of four planting beds were studied 
on mini-tuber production in the greenhouse. Planting beds 
were prepared using soil/leaf compost/perlite (S/L/P) (1:1:1), 
soil/hull rice (S/H) (1:2), peat moss/sand (P/S) (1:1), leaf 
composite/perlite (L/P) (1:3) with five replications. One half of 
pots were loaded with planting beds with the above mentioned 
substrate, and then irrigated. The next day the best virus free 
plants were selected and transferred in pots and covered with 
transparent glasses to prevent them from stress. The pots were 
irrigated day to day. After one week, depending on the plants 
growth, the glasses were taken off gradually, until removed 
completely (Fig 2). After 90 days plants were removed and the 
number and diameter of mini-tubers were evaluated. 
 
 
Results 
 
The growth of virus free plantlets after two weeks were 
not adequate and after four weeks the plantlets were 
necrosed, but the plantlets in three weeks had sufficient 
growth, so the best time for subculture of virus free 
plantlets which derived by meristem culture technique 
is three weeks after culturing. The study of analysis of 
variance (ANOVA) test for cultivars in meristem culture 
phase showed that different hormonal treats had a 
significant effect on cultivars (Table 1). 

In Burren the best medium for meristem culture was 
MS containing 2 mgl-1 of GA3, 176 and in Agria was MS  
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Table 1.   Stem length ANOVA for all cultivars in meristem culture phase. 
 

S.O.V DF SS MS F Probability 
Burren      

Treatment  23 3720.450 161.758 38.56 <.0001** 
Error  216 906.200 4.195   

Agria       
Treatment  23 6034.395 262.365 119.79 <.0001** 
Error  216 473.100 2.190   

Marfona      
Treatment  23 5766.983 250.738 77.48 <.0001** 
Error  216 699.00 3.236   

Sante       
Treatment  23 10001.962 434.867 98.20 <.0001** 
Error  216 956.500 4.428   

 

** Significant at 1% probability level.  
 
 
 
media containing 2.5 mgl-1 GA3, while in Marfona and 
Sante the best medium was MS containing 0.5 mgl-1 of 
KIN + 3 mgl-1 GA3 (Table 2). In Burren and Agria BA 
increased and KIN decreased meristem growth, in 
Marfona and Sante BA decreased and KIN increased the 
meristem growth. The stem length chart in all cultivars 
showed that Sante had the highest and Burren and 
Agria had the lowest response to the potato meristem 
culture (Fig 3). 

In subculture phase ANOVA results showed that 
cultivar, treatment and interaction between them had a 
significant difference, this means that treatment, 
cultivars and interaction between them affect stem 
length, single node and root numbers (Table 3). 

The study of means comparisons of stem length, 
number of root and single node number in sub culture 
phase observed that in Agria, Borren and Marfona, 
despire the different plant growth regulators, treatments  

 

Figure 2.  Transferred virus free plantlets after seven day.Figure 1.  Meristem grown in liquid medium.
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Table 2.  Means comparison of stem length in different hormonal treatments of commercial potato 

cultivars in meristem culture phase. 
 

Means of stem length (mm) 
Treatment Burren اAgria Marfona Sante 

MS0 3.20 fg 5.80 ij 3.40 lmno 3.70 j 
0.5 KIN 1.80 g 2.00 lm 5.60 jkl 3.00 j 
1 KIN 1.80 g 3.50 kl 2.70 no 2.00 j 
0.5 BA 2.00 g 1.90 lm 3.10 mno 2.00 j 

0.5 BA + 0.5 KIN 3.30 fg 2.70 lm 1.50 o 3.20 j 
0.5 BA + 1 KIN 1.80 g 2.00 lm 5.10 jklm 2.30 j 

1 BA 1.30 g 1.90 lm 2.40 no 2.40 j 
1 BA + 0.5 KIN 2.10 g 1.50 m 1.80 o 2.90 j 
1 BA + 1 KIN 1.90 g 2.60 lm 3.00 mno 2.40 j 

2 GA3 14.80 a 7.50 fghi 6.10 ijk 17.10 bcd 
2 GA3 + 0.5 BA 11.40 b 7.80 fghi 10.00 fg 15.90 cde 
2 GA3 + 1 KIN 10.30 bc 5.70 ij 10.20 ef 11.40 gh 

2.5 GA3 9.40 bcd 22.80 a 13.50 bcd 14.30 ef 
2.5 GA3 + 0.5 BA 8.10 cde 8.20 efg 11.40 def 14.10 ef 
2.5 GA3 + 1 BA 7.20 de 3.40 klm 9.10 fgh 7.70 i 

3 GA3 11.00 b 15.60 b 12.40 cde 15.10 de 
3 GA3 + 0.5 BA 6.70 e 8.90 def 7.90 ghi 14.60 def 
3 GA3 + 1 BA 3.40 fg 6.10 hij 15.60 b 4.30 j 

2 GA3 + 0.5 KIN 10.70 bc 9.20 def 11.30 def 19.60 ab 
2 GA3 + 1 KIN 3.40 fg 5.00 jk 7.20 hij 18.30 bc 

2.5 GA3 + 0.5 KIN 7.10 de 10.30 d 10.50 ef 13.60 efg 
2.5 GA3 + 1 KIN 10.10 bc 10.00 de 13.80 bc 10.40 h 
3 GA3 + 0.5 KIN 9.60 bcd 13.80 c 20.40 a 21.30 a 
3 GA3 + 1 KIN 5.80 ef 6.90 ghi 4.20 klmn 12.10 fgh 

 

Means in each column, followed by at least one letter in common one not significantly different 
at 1% probability level-using Duncan’s multiple range test. 

 
 
Table 3.  Variance analysis of the stem length and number of single node and root of all cultivars in semi-solid 

media containing different hormonal densities and combinations. 
 

S.O.V DF SS MS F Probability level 
Stem length      

Treatment 3 13090.518 4363.506 46.51 <.0001** 
Cultivar 3 8359.468 2786.489 29.70 <.0001** 
Treat*Cultivar 9 6153.406 683.711 7.29 <.0001** 
Error 144 13509.100 93.813   

Number of single node      
Treatment 3 26.768 8.922 11.84 <.0001** 
Cultivar 3 30.968 10.322 13.70 <.0001** 
Treat*Cultivar 9 79.706 8.856 11.75 <.0001** 
Error 144 108.500 0.753   

Number of root      
Treatment 3 159.400 53.133 85.58 <.0001** 
Cultivar 3 71.150 23.716 38.20 <.0001** 
Treat*Cultivar 9 197.650 21.961 35.37 <.0001** 
Error 144 89.400 0.620   

 

** Significant at α=1% level.  
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had different effects on the evaluated characters, but it 
was considerably noticeable that growth in MS0 was 
very slow, and resulting plants in MS medium 
containing 0.5 mgl-1 IBA + 1.5 mgl-1 GA3 were albino. 
But growth in medium containing 1.5 mgl-1 IBA + 0.5 
mgl-1 BA + 2 mgl-1 GA3 was suitable and rapid. In Sante 
the study of means comparisons of stem length, number 
of root and single node in sub culture phase showed 
that the best treatments was MS medium containing 0.5 
mgl-1 IBA + 1.5 mgl-1 GA3. It was considerably 
noticeable that Sante had a suitable growth in all 
treatments and there wasn’t any albino phenomenon 
(Table 4). As mentioned above MS medium containing 

0.5 mgl-1 BA + 0.5 mgl-1 IBA was an unsuitable 
combination for potato subculture. 

ANOVA results revealed that there weren’t any 
significant differences between cultivars in mini-tuber 
diameter (Table 5). Studying means of mini-tuber per 
plant showed that Marfona produced the greatest 
number of mini-tuber and Agria produced the lowest 
(Fig 4). In greenhouse, planting beds showed different 
effects on mini-tuber production. There were significant 
differences between peat moss/sand (1:1) and other 
planting beds. The numbers of mini-tuber in treated 
plants with peat moss/sand (1:1) were more than other 
plants (Fig 5). 

 
 

Table 4.  Means comparison of different hormonal treatments of all commercial potato cultivars in 
semi-solid medium for stem length and number of nodes and roots. 

 

Number  
of treat 

Treatment 
Stem length 

(mm) 
Single node 

number 
Root  

number 
 Burren    

1 MS0 38.50 a 4.60 a 1.60 a 
2 0.5 BA + 0.5 IBA 18.50 b 1.30 c 0.40 b 
3 0.5 IBA + 1.5 GA3 46.50 a 3.60 b 0.00 b 
4 1.5 IBA + 0.5 BA + 2 GA3 41.00 a 3.70 ab 0.00 b 
 Agria    

1 MS0 31.50 b 3.00 a 0.60 c 
2 0.5 BA + 0.5 IBA 36.50 b 3.50 a 0.00 c 
3 0.5 IBA + 1.5 GA3 50.50 a 3.50 a 3.40 b 
4 1.5 IBA + 0.5 BA + 2 GA3 53.60 a 4.00 a 5.40 a 
 Marfona    

1 MS0 42.50 b 4.30 a 1.40 b 
2 0.5 BA + 0.5 IBA 27.00 c 2.80 b 0.00 c 
3 0.5 IBA + 1.5 GA3 51.80 ab 4.80 a 2.60 ab 
4 1.5 IBA + 0.5 BA + 2 GA3 58.00 a 4.70 a 2.90 a 
 Sante    

1 MS0 49.00 b 2.50 b 1.00 b 
2 0.5 BA + 0.5 IBA 38.00 b 3.70 a 0.00 c 
3 0.5 IBA + 1.5 GA3 70.20 a 3.90 a 4.20 a 
4 1.5 IBA + 0.5 BA + 2 GA3 51.00 b 3.90 a 1.30 b 

 

Means in each column, followed by at least one letter in common one not significantly different at α=1% 
level-using Duncan’s multiple range test. 

 
 

 
Table 5.  Variance analysis of mini-tuber per plant for commercial potato cultivars. 

 

S.O.V DF SS MS F Probability 
Mini-tuber number      

Cultivar 3 456.625 152.208 39.01 0.0001** 
Error 28 109.250 3.901   

Mini-tuber 
diameter      

Cultivar 3 77.593 25.864 0.30 0.8255n.s 
Error 28 2418.136 86.362   

 

** Significant at α=1% level; n.s: not significant. 
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Figure 5.  Means of mini-tuber number per plant beds in commercial potato cultivars. 
[Soil/Leaf compost/Perlite (S/L/P) Soil/Hull rice (S/H) Peat moss/Sand (P/S) Leaf compost/Perlite (L/P)] 

 
 
 

Discussion 
 
Results showed that the usage of plant growth regula-
tors was essential in potato meristem culture. GA3 has a 
major effect on meristem culture and meristem growth 
in all cultivars. The larger growth was achieved in 
presence of high density of GA3 single or in combi-
nation with low density of Auxin and cytokinin. Also 
results showed that when we didn’t use GA3, meristem 
growth decreased. 

GA3 caused stem length and meristem growth, so 
we can deduct that Auxin and cytokinin didn’t have any 
major effect in meristem culture (Table 2). It was 
mentioned that all researchers presented the necessity of 
GA3 in high density and Auxin and cytokinin in low 
density, which our results confirmed. But our results 
presented some difference with Nagib’s results and with 
the results of Ebadi et al. (2007). Also our results were in 
accordance with the results of Vanaei et al. (2008). The 
observed differences were due to differences in culti-

vars, environmental conditions and studied hormonal 
concentrations. 

Also results showed that Auxin and Cytokinin 
combination isn’t suitable for virus free plantlets regene-
ration, whereas in this stage GA3 had an important 
effect. In this stage plantlets at first in media culture 
produced callus then regenerated, Auxin growth 
regulators like IBA in high density affected on callus 
production, Cytokinin (BA) in low density affected on 
rooting and existing GA3 was essential for regenerating 
and stem producing. These results didn’t prove Nagib et 
al. (2003) and Pajohande (2001), although confirmed 
Goodwin et al. (1980), Hoque et al. (1996), Sarker & 
Mustafa (2002) and Vanaei et al. (2008) ’s results. The 
observed differences in the results were because of the 
differences in studied cultivars, growth regulators and 
environmental conditions. Responses of different culti-
vars to the same culture were different, because of diffe-
rences of genotypes, and similarities were because of 
growth regulators and genotypes similarities. 

Figure 4.  Means of mini-tuber number per plant in 
commercial potato cultivars. 

Figure 3.  Stem length of potato cultivars in meristem 
culture phase. 
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Our results in the mini-tuber production stage con-
firmed the results of Modarres Sanavy & Jami Moeini 
(2003), Vanaei et al. (2008) and Balali et al. (2008). 
Therefore the best genotype for commercial production 
of mini-tuber is Marfona.  

In greenhouse, planting beds showed different 
effects on mini-tuber production. Our results didn’t 
prove Vanaei et al. (2008) and Balali et al. (2008). The 
observed differences were due to differences in culti-
vars, environmental conditions and studied substrate 
combination. But the results confirmed Modarres 
Sanavy and Jami Moeini (2003) although there were 
some differences in substrate combination ratio. Peat 
moss/sand planting beds in the ratio of (1:1) produced 
more mini-tubers since this substrate provided appro-
priate environmental and nutritional condition. 
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