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ABSTRACT 

Nanotechnology has been applied in agriculture especially tissue culture. The goal of this study 
is to estimate the effect of cobalt nanoparticles on the microtubers formation of potato variety 
Santana, as well as determine the optimal starting material for microtubers formation. The effect of 
different concentrations (0.0 or 2.5 mg/l) of the cobalt nanoparticles (CoNPs), combined with 60 or 80 
g/l sucrose and the presence or absence of Abscisic acid (ABA) (2.5 µg/l) were examined. Also, the 
effects of explant types; plantlets, double nodes, and roots with crown area combined with different 
medium constituents, were determined. The presence of CoNPs led to accelerating the formation of 
the microtubers compared with other treatments. After 60 days, MS + 80 g/l sucrose + 2.5 mg/l 
CoNPs with present or absent of ABA produced the maximum number of microtubers (8.00 ± 0.33 
and 8.33 ± 0.33 microtubers, respectively). Also, size and weight of microtuber were affected, the 
highest microtuber weight and the biggest size (733.0 ± 64 mg and 7.5± 0.3 cm3, respectively) were 
obtained from MS supplemented with 80 g/l sucrose + 2.5 mg/l CoNPs with absent of ABA. Also, the 
explant types affected the microtubers formation and parameters and these effects were differed for 
the same explant according to the medium constituents. The plantlets explants were the best explant 
for number of formed microtubers (14.0 ± 0.6 microtuber/ plantlet) when combined with N3 medium 
(MS + 80 g/l sucrose + 2.5 µg/l ABA + 2.5 mg/l CoNPs). All microtubers parameters were induced as 
a result of the present of CoNPs in the medium. 
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Introduction 

After wheat, rice and maize, potato (Solanum tuberosum L.) ranked the fourth of the most 
cultivated crops (Moeinil et al., 2011). To insure healthy and free-virus asexual seeds, microtubers 
production is the magic solution (Islam et al., 2017 and Mohapatra and Batra, 2017). Microtubers is a 
method of an asexual propagation of potato. There are multi-factors affecting the formation of 
microtubers like sucrose concentrations, balance among growth regulators, temperature as well as the 
genotypes (Hussey and Stacey, 1984, Emara et al., 2017 and Hossain et al., 2017). The effective 
sucrose concentrations in microtubers formation medium ranged between 60 to 90 g/l. The presence 
of ABA in the medium is effective in induced good quality of microtubers formation. Also, the 
incubation conditions showed a considerable response, the low temperature (18C) was the most 
effective in induced microtubers formation (Islam et al., 2017 and Khalil et al., 2017). 

Nowadays, nanomaterials have been involved in multiapplication of the plant biotechnology; 
like antiseptic, eliminate the harmful components of agricultural ecosystems as a safe, high potential 
for identify and eliminate pathogens, elicitor which enhance production of secondary metabolites, 
developing fruit packaging to elongate product shelf-life, applied as chip-nanoscale-gene delivery 
(Fouad et al., 2008, Anonymous, 2009, Predicala, 2009, Chakravarthi and Balaji, 2010, Mahna et al., 
2013, Ghasemi et al., 2015 and Fouad and Hafez, 2018). Also, nanomaterials have positive 
morphological effects like improvement germination rate and percentage; shoot and root length, and 
the ratio between them through enhancement the physiological parameters such as enhancing the 
photosynthetic activity and the metabolism of nitrogen in the most crop plants (Agrawal and. Rathore, 
2014). The low concentrations of CoNPS delayed the in vitro physiological disorders and induced the 
growth parameters of Paulownia tomentosa (Hamza, 2019). 
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The goal of this study is to study the effect of cobalt nanoparticles on microtubers formation of potato 
variety Santana, as well as determine the optimal starting material for microtubers formation.  
 
Materials and Methods 
 
Plant materials: In vitro shoots of potato cultivar Santana, growing in Plant Biotechnology 
Department, were used as a source of explants.  
 
Medium preparation and sterilization: After preparing the MS salt medium and adding all the 
constitutes, the pH was adjusted to 5.8, then, the culture medium was distributed to glass culture jars 
closed with white transparent closures; each jar contained 50 ml nutrient medium. The jars contained 
media were sterilized at 121°C and 1.2 par for 20 min. in autoclave. 
 
Characterization and preparation of cobalt nanoparticles (CoNPs): The source of Cobalt 
nanoparticles (CoNPs) obtained from Nanotech, Egypt. CoNPs shape is roughly spherical with 20-50 
nm average size. Nano-stock was prepared by adding 100 mg of CoNPs in 100 ml deionized water. 
To homogenous the CoNPs, the sonicator was used at 100 W and 30 kHz for 45 min as described by 
Hamza, 2019.  
 
For shoot multiplication: Murashige and Skoog, 1962 nutrient medium (MS) was implemented. It 
was supplemented with 0.2 mg/l Kin + 0.1 mg/l NAA + 30 g/l sucrose + 2 g/l gelrite (as described by 
Emara et al, 2017). After two subcultures, to obtained multiplied shoots, two experiments were 
carried out to optimize the production of microtubers. 
 
Experiment 1: Effect of cobalt nanoparticles (CoNPs), ABA presence and sucrose 
concentrations on microtuber formation: Effect of MS medium supplemented with 0.2 mg/l Kin + 
2 g/l gelrite and different concentrations (0.0 or 2.5 mg/l) of the cobalt nanoparticles (CoNPs), 
combined with 60 or 80 g/l sucrose and presence of Abscisic acid (ABA) (2.5 µg/l) was examined. 
Double nodes were used as explants and were cultivated in culture jars (350 ml) contained 50 ml 
nutrient medium. Each jar contained four explants and each treatment included six jars. The number 
of microtubers was recorded after 30, 45 and 60 days. Also, average microtuber weight (mg) and size 
(cm3) were determined after 60 days.  
 
Acclimatization of potato plantlets: After harvesting the microtubers, all treatments contained 
CoNPs gave green, strong and vital plantlets which were acclimatized, after washing for removing the 
residual nutrient media, in 10 cm pots contained sand and peat moss; in equal volume, as culture 
medium. To provide suitable moisture, pots were covered after cultivation with polyethylene bags, 
which gradually removed after about two weeks (Jabeen et al., 2017). The percent of successive 
acclimatized plants were calculated. The plantlets were followed up for about 60 days and the number 
of produced microtubers were recorded. 
 
Experiment 2: Effect of explant types on microtubers formation: Plantlet (consisted of shoot and 
root), double nodes and root with crown (the area between root and aerial vegetative part) were 
examined in combination with one of the following medium components  
N1: 60 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs 
N2: 60 g/l sucrose +2.5 µg/l ABA 
N3: 80 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs  
N4: 80 g/l sucrose +2.5 µg/l ABA 
After 60 days, the number of microtubers, the total microtubers weight/expant (g) and size of 
produced microtubers (cm3) were determined. 
 
Incubation conditions: All the cultures were incubated under 1000 lux as light intensity; the 
photoperiod was 16/8 light/dark and the temperature was adjusted at 20 ± 2 °C. 
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Statistical Analysis: Complete randomize design is the method of all investigations design, each 
treatment contained six replicates and each experiment was repeated twice. The represented results 
were averaged means. Standard errors were calculated. The results were analyzed using the analysis 
of variance (ANOVA), as described by Gomez and Gomez, (1984). 
 
Results  
 
Experiment 1: Results in Table 1 revealed that microtubers formation was induced by concentrations 
of sucrose in the medium, presence of ABA as well as CoNPs. After 30 days, the highest number of 
microtubers formation (7.00 ± 0.33) resulted from MS + 80 g/l sucrose + 2.5 µg/l ABA + 2.5 mg/l 
CoNPs, followed by MS + 80 g/l sucrose and 2.5 mg/l CoNPs with absence of ABA (6.67±0.33 
microtubers). MS + 60 g/l sucrose and 2.5 mg/l CoNPs with presence or absence of ABA produced 
the same number of microtubers (5.67±0.33 microtubers). Anyway, the presence of CoNPs 
accelerated and maximized the production of microtubers compared with other treatments. After 45 
days, the same trend was observed, MS + 80 g/l sucrose + 2.5 mg/l CoNPs with presence or absence 
of ABA possessed valuable increasing in microtubers number followed by MS + 60 g/l sucrose in 
presence of CoNPs and presence or absent of ABA (7.67 ± 0.30, 7.00 ± 0.60, 6.33 ± 0.30 and 6.00 ± 
0.60 microtubers, respectively). After 60 days, MS + 80 g/l sucrose + 2.5 mg/l CoNPs with present or 
absent of 2.5 µg/l ABA produced the maximum number of microtubers (8.00 ± 0.33 and 8.33 ± 0.33 
microtubers, respectively). Also, present of CoNPs in the nutrient medium enhanced the microtubers 
number when MS substituted with 60 g/l sucrose with present or absent of ABA (7.00 ± 00 and 7.33 ± 
0.67 microtuber, respectively) (Figure 1) compared with treatments which free of CoNPs (Figure 2). 
After 60 days, the average weight of microtuber was affected by sucrose concentrations; the high 
sucrose concentration the high microtuber weight (437.0 ± 65 and 271.0 ± 10 mg for 80 and 60 g/l 
sucrose, respectively). Also, the present of ABA enhanced microtubers weight for both sucrose 
concentrations compared with the free ABA treatments. The maximum enhancement of microtubers 
weight was observed when CoNPs was present in the nutrient medium; MS ± 80 g/l sucrose ± 2.5 
mg/l CoNPs gave the maximum average weight of microtuber (733.0 ± 64 mg). Concerning the 
average size of microtuber, there was a positive relationship between microtuber size and both sucrose 
concentration and present of ABA. On the same issue, present of CoNPs maximized the average 
microtuber size in present or absent of ABA, the magical result is the priority of CoNPs with absent of 
ABA to induce microtuber size.  

After harvesting the microtubers all treatments contained CoNPs gave plantlets vital, greenish, 
strong and able to be acclimatized. The plantlets were acclimatized with 100% success of 
acclimatization. Acclimatized plantlets were followed up for 60 days. The number of microtubers was 
between 4 to 6 micotubers/plant (Table 1 and Figure 3). These number considered an addition to the 
previously produced in vitro and an advantage to applying the CoNPs where two microtubers yield 
could be obtained.  
 
Table 1: Effect of cobalt nanoparticles (CoNPs), ABA presence and sucrose concentrations on 

microtuber formation 

 
Sucrose 

conc. 
(g/l) 

ABA 
con. 

(µg/l) 

CoNPS 
(mg/l) 

Number of microtubers 
 after different periods ± SE 

Microtuber 
 after 60days ± SE 

After acc. 
No of 

Microtubers/ 
plant ± SE 

30 Days 45 Days 60 Days 
Average 
Weight 

(mg) 

Size  
(cm3) 

60 0.0 0.0 2.00 ± 0.33 2.33 ± 0.67 2.33 ± 0.67 271.0 ± 10 2.6 ± 0.2 == 
60 2.5 0.0 4.67 ± 0.33 5.67 ± 0.30 5.67 ± 0.33 421.7 ± 36 4.8 ± 0.3 == 
60 0.0 2.5 5.67 ± 0.33 6.00 ± 0.60 7.33 ± 0.67 507.0 ± 34 6.1 ± 0.4 4 ± 0.3 
60 2.5 2.5 5.67 ± 0.33 6.33 ± 0.30 7.00 ± 0.0 360.3 ± 54 3.4 ± 0.3 5 ± 0.1 
80 0.0 0.0 3.67 ± 0.33 3.67 ± 0.30 4.33 ± 0.67 437.0 ± 65 4.5± 1.0 == 
80 2.5 0.0 4.67 ± 0.33 5.67 ± 0.30 6.67 ± 0.33 455.3 ± 12 4.7 ± 1.5 == 
80 0.0 2.5 6.67 ± 0.33 7.00 ± 0.60 8.33 ± 0.33 733.0 ± 64 7.5 ± 0.3 4 ± 0.1 
80 2.5 2.5 7.00 ± 0.33 7.67 ± 0.30 8.00 ± 0.33 498.0 ±77 5.2 ± 1.2  6 ± 0.2 

*The means followed by standard errors (SE) 
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Fig. 1: Effect of cobalt nanoparticles (CoNPs), presence of ABA and sucrose concentrations on 
number of microtubers formation 

 

Fig. 2: Effect of medium composition on microtubers formation of potato variety Santana  

Where:  
A: MS + 60 g/l sucrose +  
B: MS + 60 g/l sucrose + 2.5 μg/l ABA 
C: MS + 80 g/l sucrose + 2.5 mg/l CoNPs 
D: MS + 80 g/l sucrose + 2.5 μg/l ABA + 2.5 mg/l CoNPs 

 
Fig. 3: Growth of potato plants resulted from treatments which including CoNPs after 30 days of 

acclimatization 



Middle East J. Agric. Res., 8(2): 525-532, 2019 
ISSN: 2077-4605 

529 

Experiment 2: Effect of explant types combined with various medium composition on 
microtubers formation 

Effect of three types of explants combined with various MS medium compositions was 
observed. Data in Table 2 and Figure 4 indicated that there were various responses of the various 
explants in combined with the medium composition.  

 
Table 2: Effect of explant types combined with various medium composition on microtubers 

formation and parameters 

Explant types 
Average microtubers 
number/explant ± SE 

Total weight of 
microtubers ± SE 

(g) 

Average microtuber 
size ± SE 

(cm3) 
Plantlet +N1 7.0 ± 0.6 5.38 ± 0.12 2.73 ± 0.15 
Plantlet+ N2 9.3 ± 0.9 4.37 ± 0.10 4.03 ± 0.24 
Plantlet + N3  14.0 ± 0.6 3.60 ± 0.22 2.30 ± 0.17 
plantlet + N4 10.3 ± 2.3 4.61 ± 0.12 5.20 ± 1.56 
Double nodes + N1 9.3 ± 0.9 7.51 ± 0.45 3.63 ± 0.09 
Double nodes + N2 8.0 ± 0.6 4.20 ± 0.04 5.20 ± 0.18 
Double nodes + N3 10.7 ± 0.9 3.65 ± 0.05 3.47 ± 0.15 
Double nodes + N4 12.0 ± 1.7 3.78 ± 0.04 3.30 ± 0.95 
Roots with crown + N1 6.3 ± 0.9 4.48 ± 0.01 6.33 ± 0.23 
Roots with crown + N2 10.3 ± 0.7 4.11 ± 0.04 3.77 ± 0.15 
Roots with crown + N3 8.7 ± 0.3 2.92 ± 0.07 2.97 ± 0.12 
Roots with crown + N4 7.0 ± 1.2 3.17 ± 0.06 4.27 ± 0.15 
*All data are means ± Standard error (SE) 
 
Where:  
N1: 60 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,     N2: 60 g/l sucrose +2.5 µg/l ABA 
N3: 80 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,     N4: 80 g/l sucrose +2.5 µg/l ABA 
 

 

Fig. 4: Effect of explant types combined with various medium composition on microtubers formation 
and parameters 

Where:  
N1: 60 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,     N2: 60 g/l sucrose +2.5 µg/l ABA 
N3: 80 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,     N4: 80 g/l sucrose +2.5 µg/l ABA 

 
Plantlet explants possessed the highest average of microtuber number (14.0 ± 0.6) on N3 medium 
(MS + 80 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs) (Figure 5). While double nodes explants 
possessed the second-high number of microtubers (12. ± 1.7) on N4 (MS + 80 g/l sucrose +2.5 µg/l 
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ABA). Both roots with crown area explants on N2 (MS + 60 g/l sucrose + 2.5 µg/l ABA) and plantlet 
explants on N4 came on the third position on microtuber number (10.3 ± 0.7 and 10.3 ± 2.3 
microtuber, respectively). Also, the total weight of microtubers/explant was affected with both explant 
type and medium composition, the highest total weight per explant recorded when N1 was 
implemented for all tested explants. Anyway, the highest total weight of microtubers was obtained 
from double nodes explants on N1 (7.51 ± 0.45g) followed by plantlet explants on N1 and N4 (5.58 ± 
0.12 and 4.48 ± 0.12 g) and roots with crown area explants on N1 (4.48 ± 0.01 g). Concerning the 
average microtuber size, roots with crown area explants on N1 gave the maximum microtuber size 
(6.33 ± 0.33 cm3) followed by both plantlet explants on N4 and double nodes on N2 (5.20 ± 1.56 and 
5.20 ± 0.18 cm3, respectively).  
 

 
Fig. 5: The effect of explant types combined with various medium composition on microtubers 
formation and parameters 

Where:   

N1: 60 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,   N3: 80 g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs,   
N4: 80 g/l sucrose +2.5 µg/l ABA 

Discussion 

Results showed that microtuber formation was positively affected by sucrose concentrations, 
presence of ABA and CoNPs which increased the produced number of microtubers all over the 
periods of investigation and accelerated the reaching to the maximum number of microtubers. CoNPs 
combined with 80 g/l sucrose resulted in promoting the produced microtubers number (8.33 ± 0.33), 
microtuber weight (733.0 ± 64 mg) and size (7.5 ±0.3 cm3). Also, there was a valuable advantage of 
CoNPs, as unusual, the plantlets were vital greenish and strong after the formation of microtubers, so, 
these plantlets were acclimatized and followed until produced microtuber in pots as an addition 
microtuber yield. The percent of acclimatization was 100%. Results may be due to the effect of 
CoNPs as an enhancer of endogenous enzymes which induced metabolism and configured the plant to 
form microtubers. Or may be attributed to the theory that supposes the response of the plant to any 
stress expressed as producing the micropropagation organs which save its species. Results supported 
with those published by Ghasemi et al., 2015, Emara et al., 2017 and Fouad and Hafez, 2018 who 
ensured the potential effect of CoNPs to enhance the endogenous synthesis of enzymes which may 
enhance the gene expression which may promote the formation of microtubers. Also, results 
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supported with Hamza, 2019 who reported that the low concentrations of CoNPS delayed the in vitro 
physiological disorders and induced the growth parameters. 

Explant types and medium composition affected microtubers formation and parameters. Plantlet 
explants possessed the highest average of microtuber number (14.0 ± 0.6) on N3 medium (MS + 80 
g/l sucrose +2.5 µg/l ABA + 2.5 mg/l CoNPs). The highest total weight of microtubers was obtained 
from double nodes explants on N1 (7.51 ± 0.45g). Roots with crown area explants on N1 gave the 
maximum microtuber size (6.33 ± 0.33 cm3). Results indicated that microtubers number, weight, and 
size were promoted by the presence of CoNPs in the nutrient medium. These results may be attributed 
to the positive effects of CoNPs on enhancing enzymes and promote the gene expression of protein 
synthetase which may promote the microtuber formation and its parameters. Results came in line with 
the finding of Fouad and Hafez, 2018 who ensure the potential effect of CoNPs to enhance the 
endogenous synthesis of enzymes which may enhance the gene expression which may promote the 
formation of microtubers. Also, the decreasing in microtuber weight or size may be attributed to the 
production of a high number of microtubers which lead to produced small size while the big size 
produced as a result of producing few numbers of microtubers. Results came in line with Islam et al., 
2017; Khalil et al., 2017 who stated that microtuber formation may be affected by several factors. 
 

Conclusion 

Microtuber formation is a rapid method for potato vegetative propagation. The microtubers 
formation was affected by the sucrose concentrations, present of ABA and CoNPs as well as the types 
of explant. The most suitable explant for microtuber formation was plantlet explants when cultivated 
on MS medium supplemented with 80 g/l sucrose, 2.5 µg/l ABA and 2.5 mg/l CoNPs. 
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