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INTRODUCTION 

 

 Potato (Solanum tuberosum L.) is the most important non-grain food crop in the world [1], high economic values and able to be made various type of foods 

[2]. In addition, potato is more durable to store compared to other vegetables and are useful as therapeutic foods for diabetics [3]. The availability of potato seed in 

Indonesia is far from adequate, only ±10% of the national needs of 120.000 tons/year  (including imported ones), while the potato productivity is just ±12 of 40 

ton/ha potentials [4]. In order to speed up the national potato production, innovative production technology is required to reduce the import of potato seed. 

       One of the production technologies developed in Indonesia is aeroponic system which produce potato minitubers (generation 0) [5]. The aeroponic system is 

the technique of growing crops by supplying nutrient solution to crop roots via abrogation [6]. The roots are hanging, then the solution is sprayed from the bottom 

through the sprinkler and the roots will absorb the nutrients [7],[8]. Aeroponic system has several benefits, such as high productions, invulnerable to systemic plant 

diseases, independent on seasonal climates, and enhanced continuous productions [9],[10],[11], [12]. In aeroponic system, the crops need water contained nutrients 

as a source of food, therefore the use of soil as  a medium is not required  [6],[13],[14].   

       Production and quality of potato tubers from aeroponic system may be affected by several factors, such as fertilizer composition, cultivars, condition of plant 

media, growing conditions [15],[16],[17].  First report on aeroponic system in potato particularly in Indonesia is reported by Sub [5], using a fertilizer formulation 

N (NO3
- 175: NH4

+ 25), P 75, K 200, Ca 175, Mg 75, S 125, Fe 3.0, Cu 0.1, Mo 0.05, Mn 2.0, Zn 0.3 and B 0.7 mg/l with Electrical Conductivity (EC) = 2.7 

mS/cm, which has been used in other vegetables vegetable. It produced around 27 tubers per plant which was considerably higher than the conventional system 

which merely produced 3-5 tubers per plant. Meanwhile, the research of aeroponic system conducted in Brazil [18], on potatoes showed that the concentration of 

N 198 (7:1 NO3
- :NH4

+), P 39,  K 183, Fe 2.76, Mn 0.97 and Cu 0.02 mg/l resulted in the best growth and production. In Belgium [19], It reported that the 

concentration of  N 180, P 40,  K 300, Fe 3.0, Mn 1.0 and Cu 0.1 mg/l was the best concentration of various cultivars of potato. The potato aeroponic technology in 

some African countries have been developed [20], and aeroponic technology in Peru produced over 100 tubers per plant [21]. 

 

       The objective of this research was to determine the proper nutrient formulation on aeroponic system for minituber production atlantic and granola cultivars of 

potato.  

     

MATERIALS AND METHODS 

 

      This study started with the propagation of plantlets in the Tissue Culture Laboratory of Bantaeng District, South Sulawesi Province, Indonesia. The research 

was continued at the Horticulture Seed Center in Ulu Ere, Bantaeng District, located at altitudes 900 m above mean sea level (AMSL), lasted in 2016 – 2017 (four 

Abstract 
 
One of effective strategies to speed up production of potato minitubers is tissue culture continuing with aeroponic 
system. This combination has several benefits, such as high productions, invulnerable to systemic plant diseases, 
independent on seasonal climates, and more continuous productions. The objective of this research was to 
determine the proper nutrients formulation on the aeroponic system for two different potato cultivars (atlantic and 
granola). This research used split plots design, the main plot was for potatoes (cultivar atlantic and granola), while 
the subplot was for nutrient formulation comprising four treatments:  F1 = N (NO3

- 125: NH4
+ 25), P 20, K 100, Ca 75, 

Mg 50, S 25, Fe 2.0, Cu 0.1, Mo 0.05, Mn 0.5, Zn 0.1 and B 0.2 mg/l;  F2 = N (NO3
- 145:NH4

+ 30), P 40, K 150, Ca 100, Mg 
60, S 50, Fe 4.0, Cu 0.2, Mo 0.10, Mn 1.0, Zn 0.2 and B 0.4 mg/l ;F3 = N (NO3

- 165: NH4
+ 35), P 60, K 200, Ca 125, Mg 70, S 

75, Fe 6.0, Cu 0.3, Mo 0.15, Mn 1.5, Zn 0.3 and B 0.6 mg/L; and  F4 = N (NO3
- 185:NH4

+ 40), P 80, K 250, Ca 150, Mg 80, S 
100, Fe 8.0, Cu 0.4, Mo 0.20, Mn 2.0, Zn 0.4 and B 0.8 mg/l. The results showed that treatment F4 gave better effects 
than treatment F1, however it did not show significant effect compared to treatment F2 and F3 on increasing 
production (number of tubers, tubers weight and tubers diameter) and quality (carbohydrate content of tubers, 
tubers hardness, and water content of tubers) for both cultivar atlantic and granola. Cultivar atlantic was better 
than cultivar granola on the parameter of tubers production and quality. 
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growing seasons). This research used split plots design, the main plot was for potato cultivars atlantic (V1) and granola (V2), while the subplot was for nutrient 

formulation comprising four treatments (F1, F2, F3, and F4), the formulation compositions are shown on Table 1.    

     There were two cultivars and four nutrient treatments in the experiment and replicated by three times. Data from the experiments was statistically analyzed 

using software SPSS version 16. The differences among treatments were compared using Least Significant Difference (LSD) test at 5% probability level. 

 

Table 1: Detail of Nutrient Formulations under Aeroponic System 

Treatments 

Macro and micro nutrients (mg/L)
 

N 
P K Ca Mg S Fe Cu Mo Mn Zn B 

NO3
- 

NH4
+ 

F1 125 25 20 100 75 50 25 2.0 0.1 0.05 0.5 0.1 0.2 

F2 145 30 40 150 100 60 50 4.0 0.2 0.10 1.0 0.2 0.4 

F3 165 35 60 200 125 70 75 6.0 0.3 0.15 1.5 0.3 0.6 

F4 185 40 80 250 150 80 100 8.0 0.4 0.20 2.0 0.4 0.8 

 

   This research included some steps respectively: 1) Propagation of plantlets; 2) Acclimatization four weeks before being planted to the aeroponic media; 3) 

Preparation of planting medium in the aeroponic media: coconut husk was arranged flatly inside the aeroponic box in order to absorb nutrients which made the 

aeroponic box remaining wet. PVC pipes draining nutrient solution were connected to sprinklers. Styrofoam size of (100 x 75) cm and 3 cm thick was hollowed 

with a diameter of 1.5 cm becoming the planting media of seed potatoes, and the distance between holes is (25 x 35) cm. Afterwards, The silver mulch was 

installed to cover styrofoam and aeroponic box. Irrigation canals connected to the nutrient reservoir will drain the solution to polyethylene pipes placed in a tub 

plant that has been plugged to sprinklers. In order to push and drain solution, a pump with high pressure (1.5-2.0 atmospheric pressure) was utilized; 4) Planting: 

planting potato seedlings was applied when the age of plant was 3 weeks or the number of leaves were 5-7 strands, and the seedlings height were about 15 cm. The 

seedlings were planted on a styrofoam that have been prepared and placed on a surface of box. Planting was applied by wrapping the base of stem using rockwool 

to support the upright position of the crops. The stages of the research are shown on figure 1. 

 

 

 

 

 

   

 

 

 

 

 

 

 

  

  

  

 

 

 

 

                                 Fig 1:  Propagation plantlets (A), Acclimatization (B), Preparation media aeroponics (C), Crop age two weeks 

                                   after planting in the media aeroponics (D), potato Rooting System (E), and development of tubers (F). 

 

 

RESULTS AND DISCUSSION 

 

Tubers Production 

      Treatments on cultivar atlantic resulted in higher tubers weight and larger size of tubers per crop than on cultivar granola, however the number of tubers 

between those cultivars was not significantly different (Table 2). Treatment F4 had shown the best result on number of tubers, tubers weight and tubers diameter, 

even though there was no significant difference with treatment F2 and F3. Figure 2 shows that nutrients formulation had positive linear relationship with the number 

of tubers, tubers weight and tubers diameter on cultivar atlantic and granola, the equation of each parameter is shown on figure 2 (A, B and C). 

 

Table 2: Average Number of Tubers, Tubers Weight, and Tubers Diameter on Nutrients Formulation 

Treatments 
Number of Tubers 

(Nos) 

Tubers 

Weight (g)
 

Tubers 

Diameter (cm)
 

Cultivar    

V1 30.41 369.96a 3.80a 

V2 29.27 343.24b 3.64b 

Nutrients Formulation    

F1 27.64c 329.62c 3.65b 

F2 29.42bc 352.96b 3.69ab 

F3 30.34ab 365.68ab 3.77a 

F4 31.64a 378.14a 3.78a 

   Note: Values followed by the same letter indicated not significantly different according to LSD test at 5% test level.      
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Fig. 2: The relationship of nutrients formulation with production parameters 

 

Tubers Quality 

 Treatments on cultivar atlantic contributed to higher carbohydrate content of tubers than cultivar granola, while there was lower water content of tubers on 

cultivar granola than cultivar atlantic. Although cultivar atlantic had harder tubers, there was no significant difference with cultivar granola (Table 3). Treatment F4 

had shown the highest carbohydrate content and tubers hardness, also it showed the lowest water content among four treatments, even though there was merely 

little difference with treatment F2 and F3.  Figure 3 shows that nutrients had positive linear relationship with carbohydrate content of tubers, tubers hardness and 

water content of tubers on cultivar atlantic and granola, the equation of each parameter is shown on figure 3 (A, B and C). 

 

Table 3: Carbohydrate Content, Tubers Hardness, and Water Content of Tubers on Nutrients Formultion 

Treatments 
Carbohydrate 

Content (g/100g) 

Tubers 

Hardness (Psi)
 

Water 

Content (%)
 

Cultivar    

V1 19.81b 3.41 74.25b 

V2 18.27a 3.39 75.29a 

Nutrients Formulation    

F1 18.41b 3.38b 76.27b 

F2 19.03ab 3.40a 75.45ab 

F3 19.79a 3.41a 74.50a 

F4 19.84a 3.42a 73.95a 

Note: Values followed by the same letter indicated not significantly different according to LSD test at 5% test level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The relationship of nutrients formulation with tuber quality parameters 

 

The Correlation Between Production Parameters and Quality Parameters of Potato Minitubers on Nutrients Formulations 

            Table 4 shows the significant correlation between production parametes and tubers quality parameters. It shows that the increase of parameter of 

production stimulated better production of quality potato minituber. As it shows, there was a positive linear relationship between the number of tubers and tubers 

weight (r = 0.979), tubers diameter (r = 0.833), carbohydrate content (r = 0.931), tubers hardness (r = 0.989). In addition, Carbohydrate content of tubers had a 

positive linear relationship with tubers hardness (r = 0.930), although it had negative linear relationship with water content of tubers (r = -0.938), the equation of 

each parameter is shown on figure 2 and 3.   

 

Table 4. Correlation Matrix between Production and Quality Parameters of Potato Minitubers on Nutrients Formulation 

Parameters NT TW TD CC TH WC 

NT 1 0.979**            0.833* 0.931** 0.989**           -0.935** 

TW  1            0.918** 0.971** 0.970**           -0.959** 

TD   1 0.939** 0.812**           -0.915* 

CC    1 0.930**           -0.981** 

TH     1           -0.938** 

WC      1 

Note:  *significant, **highly significant, NT: Number of Tubers, TW: Tubers Weight, TD: Tubers Diameter, CC: Carbohydrate Content, TH: Tubers Hardness, 

WC: Water Content 

A B 

A B 
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DISCUSSION 

 

      The treatments on atlantic cultivar resulted in heavier tubers weight and larger size of tubers compared to granola cultivar (Table 2), this related to the type of 

growth of both cultivars due to the differences in the genotype. Cultivar atlantic is one of superior cultivar which has pervasive root system as opposed to cultivar 

granola root system which is more collective, therefore cultivar atlantic could absorb more nutrients and oxygen around the root to produce energy for stimulating 

metabolic processes which contributed to growth and productivity of crop [8],[12],[22]. The effect of nutrients on crop growth depends up on the  on concentration 

of nutrients [23], and also type of cultivars [24]. The research by  [25] showed that the effect of nutrients on growth of potato crops depended on concentrate of 

nutrients and type of crops. Likewise, [24] reported that each potato cultivar required different optimum dose of nutrients. [26] reported that aeroponic system 

produced approximately 32.5-36.0 minitubers per crop and the production of the system was determined by potato cultivars.   

     The treatment F4 produced more number of tubers per crop, heavier tubers weight per plant, and bigger tubers diameter than treatment F1, however it was not 

significantly different from treatment F2 and F3. Number of tubers, tubers weight and tubers diameter were determined by metabolic activities taken place in plant 

tissue, such as photosynthesis, respiration and assimilate translocation. The net result of photosynthesis could be the number of tubers, tubers weight and tubers 

diameter. The number of tubers and tubers weight of potato, an organ of assimilate storage, was affected by the amount of assimilate which was translocated from 

source (leaves) to sink (tubers).   

     Assimilate accumulation from the output of photosynthesis produced glucose turning into fructose or sucrose, then it was translocated to the cells and 

polymerized to form carbohydrate [27],[28], afterwards the potato tubers were formed [4],[29], implicating to the number of tubers, tubers weight and tubers 

diameter. 

     Proportion and sufficiency of macronutrient (N, P, K, Ca, Mg and S) and micronutrient (Fe, Cu, Mo, Zn and B) in formulation of aeroponic system was very 

important to support the process of plant physiology and increase tubers production and quality [29],[30]. The role of macronutrients in aeroponic system were: 

Nitrogen (N) was necessary to synthesize chlorophyll for photosynthesis process [29],[30]. Phosphorus (P) was a component of phosphorilated nucleotide involved 

in the metabolic processes which required energy to absorb nutrients [11],[30],[31]. Potassium (K) was used to control physiological processes, such as turgor 

pressure, stomatal opening and closing and controlling carbohydrate translocation [32]. Besides, it could also be enzyme activator for photosynthesis and 

respiration. Calcium (Ca) played a role in microflora growth in nutrients solution. Magnesium (Mg) was the core of chlorophyll which formed adenosine 

diphosphat (ADP), adenosine triphosphate (ATP) and organic acids which were important for enzymatic reactions. Sulphur (S) was necessary for respiration and 

breakdown of fatty acids [27],[34]. 

     The increase of carbohydrate content of tubers, tubers weight and the decrease of water content of tubers on cultivar atlantic and granola because of treatment 

F4 was related to the macronutrient and micronutrient in nutrients formulation of aeroponic system (Table 3). Function of the micronutrients were: Iron (Fe) was 

used to support enzyme catalase and peroxidase which catalyzed the breakdown of H2O2 into H2O and O2  [27],[35]. Cuprum (Cu) was useful to help electron 

transport system in photosynthesis process, carbohydraye metabolism, protein metabolism and nitrogen fixation [33]. Molybdenum (Mo) was used to help nitrate 

reductase that reduce nitrate to nitrite [27],[36]. Manganese (Mn) was the important component which helped formation of chlorophyll in oxidation-reduction 

reaction and in photosynthesis electron transport system [34],[37]. Zinc (Zn) was necessary in synthesis of triptophan amino acids and the formation of IAA 

hormone [36],[37]. Boron (B) was used to control transport of sugar and the formation of polysaccharide [33], [34]. 

     The significant increase of carbohydrate content on treatment F4 was related to the increase of carbohydrate metabolic process which produced starch, pectin, 

hemicellulose and cellulose [33],[38]. According to [39], nutrient content of tubers could be changed depending on some factors, such as cultivars, types and 

compotition of fertilizer, tubers age and storage temperature. Moreover, tubers hardness was also related to the carbohydrate content of tubers because 

carbohydrate formed cell wall composed of cellulose, pectin, hemicellulose and polysaccharides for providing support to cell in tubers [34],[38]. Moreover, 

Potassium was necessary to affect the balance of nitrogen and phosphorus. The balance of nitrogen, phosphorus and potassium would increase tissue hardness and 

resistance against diseases [27],[34]. Furthermore, Water content of tubers was related to the accumulation of dry matter in the tubers determined by the number of 

assimilate available [4],[28].  

      According to [40], aside from light intensity, nutrients availability was also a factor which was crucial for process of plant physiology (photosynthesis, 

respiration and another metabolism), affecting balance of source (leaves) and sink (tubers). The high carbohydrate content in the tubers with treatment F4 

implicated to the low water content of tubers related to the production of dry matter.  

 

CONCLUSIONS 

 

     The treatment F4 gives the best effect on increasing production (number of tubers per plant, tubers weight, and tubers diameter) and quality tubers (carbohydrate 

content of tubers, tubers hardness and water content of tubers), although there is no significant difference compared to treatment  F2 and F3. Applying treatments 

on cultivar atlantic can increase tubers weight, tubers diameter and carbohydrate content of tubers, while treatments on cultivar granola can reduce water content of 

tubers    
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