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ABSTRACT: Invitro Plantlet characteristics same as leaf area, shoot growth, balanced growth of root 
and shoot are the main attributes which guarantee subsequent successful growth of plantlet in 
greenhouse condition. These characteristics will be affected by in vitro conditions such as plantlet 
density. This study was carried out to evaluate the effects of in vitro potato plantlet density on their 
agronomic attributes and their efficiency on mini-tuber production under greenhouse conditions. We took 
advantage of a 2×4 factorial design (two potato varieties namely Agria and Sante, and invitro plantlet 
density including 2, 4, 6 and 8 single node cutting on 250 cc Erlenmeyer) to evaluate above mentioned 
objectives. Statistical analysis revealed that there are significant differences between cultivars, in vitro 
plantlet density and cultivars × in vitro plantlet density interaction effects (p<0.05). Most of the greatest 
agronomic characters were observed in Sante cultivar which had produced in 8 plantlet density. 
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INTRODUCTION 
 
Potato is the fourth biggest crop of the world after Asia, especially in the developing countries like wheat, rice and 
maize (Nipa, 2013). Micropropagation is a tissue culture in vitro method used for rapid and true to type 
multiplication of plants in an artificial nutrient medium under controlled environment (Naik and Karihaloo, 2007). 
Higher rate of multiplication of disease-free material (including plantlets, transplants, micro-tubers and mini-tubers), 
more convenient storage and transport, and a small demand for space during multiplication are known advantages 
of rapid multiplication. Moreover, multiplication can be done whole year round (Fite, 2013; Grigoriadou and 
Leventakis, 1999; Hassanpanah and Khodadadi, 2009; Struik and Lommen, 1999). 
 Recently, especially mini-tubers production has become popular world-wide. Mini-tuber is an intermediate step 
of potato seed production between laboratory micropropagation and field multiplication (Hagman, 1990; Naik and 
Khurana, 2003; Obradovic and Sukha, 1993). Mini-tubers can be obtained on in vitro plantlets under ex vivo 
condition or under in vivo condition after planting them in soil (Naik and Karihaloo, 2007; Otroshy and Struik, 2008). 
The yield components contributing to yield may affect yield directly or indirectly. Correlation coefficients which can 
only show a linear relation between two components may not suffice for adequate interpretation of the results, and 
may cause a lower success rate in a breeding program. Hence, direct and indirect effects of yield components 
should be separated for a successful selection program. This could be achieved by application of path coefficient 
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analysis, which is closely related to multiple regression, by separating correlation into different sections for analysis 
and meaningful interpretation (Güler, 2001; Önder and Babaoglu, 2001; Ozkaynak and Samanchi, 2005). 
 In vitro Plantlet characteristics same as leaf area, shoot growth, balanced growth of root and shoot are the 
main attributes which guarantee subsequent successful growth of plantlet in greenhouse condition. These 
characteristics will be affected by in vitro conditions such as plantlet density. This study was carried out to evaluate 
the effects of in vitro potato plantlet density on their agronomic attributes and their efficiency on mini-tuber 
production under greenhouse conditions. 

 
MATERIALS AND METHODS 

 
 This research was carried out in tissue culture laboratory and greenhouse of Hamedan Agriculture and Natural 
Resources Research Center, Iran. 
 Two potato cultivars Agria (mid-season to late) and Sante (mid-season) in four different densities (2, 4, 6 and 8 
single node cutting on 250 ml Erlenmeyer) were taken as experimental materials. The experiment was laid out in a 
2×4 factorial based on completely randomized design with four replications. 
 At first, the tubers of Agria and Sante cultivars were planted in a greenhouse under 22 to 24˚C temperature 
regimes. These plants were then transferred to thermotherapy condition (16 h at 36 

˚
C and 8 h at 30 

˚
C) for one 

month. After that the meristem-tip aseptically isolated on a Murashige and Skoog (M.S.) medium containing 
0.25mg/L GA3. Shoot nodal segments (0.5 cm) from regenerated plantlets were excised, and cultured on 
Murashige and Skoog medium with considering four different planting densities (2, 4, 6 and 8 per a 250cc 
Erlenmeyer). Cultures were kept at 20-22

˚
C and a 16h photoperiod regimes (Fig. 1).  

 Four weeks old plantlets (12-15 cm length) were hardened and transferred to pots (18×20 cm dimensions) 
containing sterile mixture of peat moss and perlite (2:1 by volume) and maintained in the greenhouse. Greenhouse 
temperature was set at 22+2

˚
C and 16+2

˚
C during day and night respectively and humidity was around 55% during 

growth stages. Produced mini-tubers were counted separately for each pot after 130 days (Fig. 2). 
 In vitro Agronomic characters such as number of leaflets, number of nodes, plant height, number of roots, root 
height and root weight, moreover mini-tuber yield per plant in pot, and components such as mini-tuber number per 
plant in pot, mini-tuber average weight, mini-tuber width and mini-tuber length, length mini-tuber to width mini-tuber 
ratio, number of buds in mini-tuber, were measured in all plants. 
 Mean comparison of measured characteristics was done via Duncan’s new multiple range test, and coefficients 
of correlation and path analysis were performed using SAS (V9.1) software. 
 

RESULTS AND DISCUSSION 
 

 Variance analysis of evaluated characteristics revealed that there are significant differences between cultivars 
for number of nodes, number of roots, roots weight, number of mini-tuber, mini-tuber average weight, mini-tuber 
total weight, mini-tuber length, mini-tuber width and, length to width mini-tuber ratio (p<0.01). Significant differences 
also were observed among plantlet densities for roots length, roots weight, plantlets height (p<0.05) and mini-tuber 
total weight (p<0.01). Evaluation of cultivar × plantlet densities interaction revealed a significant effect on mini-tuber 
average weight (P<0.01) and mini-tuber total weight (P<0.05). 
 Data mean comparison showed that the highest number of nodes (15.00) and root weight (0.59 gr) were 
recorded in Agria whereas the maximum number of roots (15.37) was observed in Sante cultivar (table 1). Mean 
comparison for the above mentioned characteristics showed that the most plantlet height (14.17 cm), root weight 
(0.59 gr) and root length (23.78 cm) were observed in two plantlets density per Erlenmeyer (table 1).  
 Duncan’s mean comparison showed that the maximum number of mini-tubers (12.97 per plantlet) was 
produced when four plantlets per flask were used. However the maximum amount of mini-tubers with a total weight 
of 86.95 gr/pot was produced when eight plantlets per flask were used (Table 1).  
 The maximum amount of mini-tuber average weight was observed in Sante with 6 plantlet densities (7.74 gr) 
however the maximum response for the amount of mini-tuber total weight was observed in Sante with 8 plantlet 
densities (86.95 gr/pot) (Table 1).    
 Simple correlation coefficients among yield, yield components and agronomic characters have been presented 
in table 2. Significant positive correlations were found between yield of mini-tuber and number of roots, number of 
mini-tubers, mini-tuber average weight, mini-tuber length and mini-tuber width, moreover mini-tuber yield showed 
significant negative correlations with number of nodes and roots weight. Faramarzi et al., (2012) reported that the 
mini-tuber number per plant relationship was positive and significant with mini-tuber weight per plant. Arsaln 
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(2007); reported that tuber weight/plant, average tuber weight and tubers/plants had major contributions on tuber 
yield and hence selection for these traits can possibly lead to improvement in tuber yield of potato. Bussan et al., 
(2007); showed tuber yield related to number of stem and number of tuber.  
Mini-tuber average weight was positively and significantly associated with number of roots, mini-tuber length and 
mini-tuber width. Gopal (2001); found significant positive relation between tuber yield with number of tubers and 
tuber average weight and inter nodes length. 
 Although number of mini-tubers and mini-tuber average weight were significantly correlated with mini-tuber 
yield but the correlation coefficient of mini-tuber number with yield was higher than mini-tuber average weight. This 
is an agreement with the earlier reports that numbers of mini-tubers are more important than mini-tuber average 
weight in determining mini-tuber yield potential of potato (Asghari-Zakaria, 2006; Özkaynak, 2003). 
Path coefficient analysis revealing direct and indirect effects of characters on mini-tuber yield is given in table 3. 
Path analysis showed that number of mini-tubers and mini-tuber average weight had largest direct effects on mini-
tuber yield (Asghari-Zakaria, 2006; Kumar and Kang, 2000; Ozkaynak and Samanchi, 2005).  This may indicate 
that the direct selection for number of mini-tubers and mini-tuber average weight would likely be effective in 
increasing mini-tuber yield in potato breeding program. 
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