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Aeroponic potato seed production in the lowlands has been
carried out by root zone cooling and evaporative cooling in order
to reduce high temperature stress for the roots and tops of

ijxg::s: potato plants. However, the effect of nutrient solution EC on
Greenhouse, several varieties of potato seeds for an aeroponic system with a
Hydroponics, combination of root zone cooling and evaporative cooling for
/;/U;f ition, potato seed production in the lowlands has not been done. This
uoers

study aims to obtain the response of potato varieties and the
application of different ECs on aeroponic seed production with
root zone and evaporative cooling in tropical lowlands. The
factors analyzed : 1. Variety (V): V1 (MZ), V2 (Granola K), V3
(Granola L), and 2. Nutrient concentration (EC): EC1 (1.5 mS/cm
for Week 1- 4, 2 mS/cm for Week 5 until harvest), and EC2 (1.5
mS/cm for Week 1-4, and 3 mS/cm for Week 5 until harvest),
while the design used was RAK with 3 replications. The results
showed that the Granola K and EC2 varieties are more efficient
for potato seed production in the lowlands with the application
of root zone and evaporative cooling. This variety produced the
highest number of tubers up to 30 tubers/plant. Similarly, the
Granola L and MZ varieties showed similar results with a total
eni.sumarni@unsoed.ac.id number of tubers above 10 tubers/plant.

MCorresponding Author:

1. INTRODUCTION

Potato is one of the potential commodities for local food fulfillment and world food
security (Gastelo et al., 2014; FAO, 2011). Potato tubers contain energy, vitamins and
minerals needed by the body (Beals, 2019). This makes potatoes a commercial tuber crop
and is consumed almost every day by people around the world (Lutaladio et al., 2009).
Indonesia is one of the countries that produces potatoes to meet the needs of seeds and
also the consumption of its people. However, potato productivity is still fluctuating, so
potato imports are still increasing every year (BPS, 2014).

The problem of fluctuating potato productivity is caused by the condition of seed
availability. Quality potato seeds have problems with continuity and increase in
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production. The need for potato seeds in Indonesia reaches 96.77 tons while the
availability of certified seeds in the country is only 8,066 tons (8.3%) (Directorate
General of Horticulture, 2010). To date, the fulfillment of the need for certified potato
seeds has only reached 10% (Mulyono et al., 2017; Balai Penelitian Tanaman dan
Sayuran, 2016; 2017). Meanwhile, potato seeds used by farmers are currently
experiencing a decline in quality, because in potato planting centers endemic bacteria
and viruses that damage potato crops (Sayaka & Hestina, 2011). In addition, potato
plants in the highlands are on a steep slope, which reaches >30% and has a high
erosion impact (Henny et al., 2011). This potato production center in the highlands of
Indonesia has recently experienced extreme weather, namely the fall in frost which has
resulted in the destruction of potato crops in open fields.

From these conditions, the development of potato planting in the lowlands has
become an effort to increase potato seed production (Sumarni et al., 2013a). The
technology for producing high, healthy and continuous potato seeds has been
produced through aeroponic technology (Otazu, 2010) and as an effort to shorten the
seedling cycle (Dianawati & Wattimena, 2014). Aeroponic potato seed production in
the lowlands has been carried out by modifying the root area in order to reduce high
temperature stress, namely by root zone cooling carried out at an altitude of 250 m
above sea level and 115 m above sea level successfully obtained tubers (Sumarni et al.,
2013abc; Sumarni et al., 2016; Sumarni et al., 2018). Control of air temperature at the
top of the plant by evaporative cooling to reduce the percentage of burned plants has
also been carried out, the result can reduce the percentage of burned leaves and
potentially increase tuber yields (Sumarni et al., 2021). Aeroponics technology as a
cultivation technology to increase potato seed production has become a new spirit in
the context of potato seed self-sufficiency.

One of the factors supporting the success of aeroponic cultivation technology is the
electrical conductivity of nutrient solution (EC). The EC reflects the total ions contained
in the nutrient solution. The EC concentration of the nutrient solution affects the
absorption of nutrients by plants so that it has an impact on the yield and quality of
tubers (Chang et al., 2011). Potato plants are one of the plants that are sensitive to EC.
Application of EC nutrient solution that is not suitable for the stage of plant growth,
can be toxic to plants (Teixeira & Pereira, 2007). The results of the study on the impact
of providing nutrient solution EC that were not adjusted to the growth stage and yield
of potato tubers on the soil caused stunted plant growth, reduced tuber yield and
changes occurred in the dry content of substances, soluble solids and secondary
metabolites in tubers (Levy & Veilleux, 2007). High EC concentrations of nutrient
solution cause water deficit in plants due to reduced osmotic potential of nutrient
solution, greater availability of ions in nutrient solution or excessive uptake of ions
(Greenway & Munns, 1980).

The effect of electrical conductivity (EC) for nutrient solution on aeroponic potato
seed production by application of cooling to tropical lowland root zones, Indonesia has
been carried out. The results of the study were that the EC nutrient solution with a
concentration of 1 mS/cm at the age of 1-3 weeks after planting and 3 mS/cm at 4
weeks before harvest produced the highest number of tubers compared to EC 4 mS/cm
and EC 6 mS/cm on the use of seeds from cuttings 1 and 2 (Sumarni et al., 2019).
However, how the effect of nutrient solution EC on several potato seed varieties used
for aeroponic systems with a combination of root zone cooling and evaporative cooling
controls for potato seed production in the lowlands is not yet known. This is important
to do to obtain complete scientific information on the use of varieties in order to
produce a high number of tubers in the system. The purpose of this study was to
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obtain the response of potato varieties and the application of different EC on
aeroponic seed production with root zone cooling and evaporative cooling control
applications in tropical lowlands.

2. MATERIALS AND METHODS

The research was conducted in the greenhouse of the Faculty of Agriculture. General
Sudirman University. Purwokerto, Central Java at an altitude of £115 m above sea level.
The research was carried out from May to September 2021. The greenhouse used was
a semi-cylindrical type with dimensions of 20 m long, 12 m wide and 2.5 m high. The
greenhouse in this study only uses natural ventilation on its walls.

2.1. Root Zone Cooling Application

The root zone cooling application was carried out by cooling the root area of potato
plants grown aeroponic in a greenhouse. The cooling process is carried out by spraying
a cold nutrient solution with a temperature of 10 °C. Nutrient solutions are
administered using an automatic timer. The construction and workings of an aeroponic
system with root zone cooling have been used in previous studies to obtain the
appropriate root zone cooling temperature. High pressure pump is used to deliver
nutrients through nozzles to plant roots. The timer is used to control the nutrient
spraying time, the chiller is used to cool the nutrients, and the submersible pump is to
flow the nutrients to be cooled into the chiller. The layout of the aeroponic system is
presented in Figure 1 (Sumarni et al., 2013a; Sumarni et al., 2019).

The evaporative cooling application used in this study is a modification of the direct
evaporative cooling method in the previous study (Sumarni et al., 2021) with the
modifications made, namely changing the distance of the Collnet placement. Collnet
used has a capacity of 22 liters per hour (Figure 2). In this study, the aeroponic
chamber used was 1.0 m (length) x 1 m (width) x 0.5 m (height). The outer aeroponic
chamber is made of 12 mm thick multiplex wood, the inside is insulated with 2 cm thick
styrofoam. Styrofoam as a place to plant using a thickness of 3 cm. Planting distance of
15 cm x 15 cm, so that in one aeroponic container there are 36 plants.
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Figure 1. Schematic of aeroponics with root zone cooling and evaporative cooling
(Sumarni et al., 2013a; Sumarni et al., 2021)
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The evaporative cooling application used in this study is a modification of the direct
evaporative cooling method in the previous study (Sumarni et al., 2021) with the
modifications made, namely changing the distance of the Collnet placement. Collnet
used has a capacity of 22 liters per hour (Figure 2). In this study, the aeroponic chamber
used was 1.0 m (length) x 1 m (width) x 0.5 m (height). The outer aeroponic chamber is
made of 12 mm thick multiplex wood, the inside is insulated with 2 cm thick styrofoam.
Styrofoam as a place to plant using a thickness of 3 cm. Planting distance of 15 cm x 15
cm, so that in one aeroponic container there are 36 plants.

Figure 2. Types of Colnet used in this study

2.2. Experimental Design and Data Analysis
The root zone cooling temperature used is 10°C. Two factors implemented include:
1. Varieties (V): V1 (M2), V2 (Granola K), V3 (Granola L)
2. Nutrient concentration (EC): EC1 (1.5 mS/cm week 1-4, 2 mS/cmweek 5 until
harvest), EC2 (1.5 mS/cm week 1-4, 3 mS/cm week 5 until harvest)

The plant growth parameters observed included: plant height, number of leaves and
plant yields (number of tubers, tuber size). The design used was RAK with 3 replications.
Growth observation data and yield were also analyzed by F test and continued with
Duncan's Double Distance Test (UJGD) at 5% level.

3. RESULTS AND DISCUSSION

3.1. Microclimate in the Greenhouse

The average air temperature in the greenhouse during the growth of potato plants is
30.75 °C and humidity is 76.2%. The maximum temperature during the day reaches
36.6 °C (Figure 3). The air temperature in the greenhouse without microclimate
modification indicates that the conditions are not optimal for potato seed production in
the lowlands. Potato plants require an average temperature of 20-25 °C for optimal
tuber initiation. The average nighttime temperature ranges from 18-20 °C (Levy &
Veilleux, 2007).

The air temperature in the lowland greenhouse that is not yet optimal is controlled
by the application of root zone cooling, which is limited cooling in the root area with a
temperature of 10 °C. The results of this control resulted in air temperature conditions
in the root area of 13.5 °C to 14.7 °C so that it was optimal for potato tuber initiation in
the lowlands (Figure 4). Air temperatures below 20 °C can accelerate tuber initiation
compared to temperatures above 20 °C (Ewing & Struik, 1992). The application of root
zone cooling has been successfully used to help create low air temperatures in the root
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areas of potato plants at high temperature conditions in the lowlands to produce
potato seeds (Sumarni et al., 2013; 2019, 2021).
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Figure 3. Average air temperature and humidity during potato growth in the lowlands
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Figure 4. Air temperature in the aeroponic box with the root zone cooling application

The high air temperature in the lowlands during aeroponic planting of potato seeds
also causes the upper part of the plant (leaves and stems) to wilt and burn (Sumarni et
al., 2021). The results of the application of root zone cooling (in the root area) were
able to maintain the temperature of the root area of 10-15 °C and controlling
evaporative cooling (the upper part of the plant) in this study was able to reduce the
temperature around the surface of the plant to an average of 27.3 °C (from the
previous one). without evaporative cooling at 35 °C) and increased humidity to 89.6%
(Figure 5). These results can reduce the percentage of burning in plant parts as in
previous studies (Sumarni et al., 2021).
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Figure 5. Effect of evaporative cooling on temperature reduction in around the plants.
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3.2. Plant Growth

The results of statistical analysis showed that varieties had a significantly different
effect on the variables of plant height and number of leaves. Giving different EC
concentrations also gave different results on plant height and number of leaves. The
combination of EC treatment and variety did not interact with plant height and number
of leaves. However, there was an interaction between the combination of EC
treatment and variety on the number of tubers.

3.2.1. Plant Height

The results of statistical analysis showed that there was an effect of varietal treatment
on plant height variables. The MZ variety from the beginning of growth showed the
highest plant growth. However, at the age of 35 days after planting the Granola K
variety gave the same plant height response as the MZ variety and the lowest was the
Granola L variety. Until the age of 56 days after planting the Granola K variety gave the
highest plant height yield with an average plant height of 61, 9 cm compared to the MZ
and Granola L varieties. The MZ and Granola K varieties gave the same plant height
response, namely 55.6 cm for the MZ and Granola K varieties and 51.9 cm gave the
same plant height yield (Table 1).

Table 1. Effect of potato plant varieties on plant height and number of leaves
Plant Height (Days After Planting/DAP)

Treatments 21 28 35 42 49 56
Mz 9a 14.1 20.9a 30.2a 41.8a 55.6b
Granola K 7.4b 14.5 20.4a 32.4a 42.3a 61.9a
Granola L 7.3b 13.4 17.9b 27.7b 35.7b 51.9b
Number of leaves (sheets)
Mz 20.7a 39ab 61.2a 84.4b 202.0a 280.7a
Granola K 17.7b 41a 62.4a 130.6a 214.4a 272.5a
Granola L 1l4c 31.4b 43.9b 96.7b 143.5b 180.2b

Note: The numbers followed by the same letter in the same column show no significant difference based
on DMRT at the level of = 5%

Potato varieties MZ, Granola K and Granola L are varieties cultivated by farmers in
one of the highland potato centers of Indonesia, namely Central Java Province
(Nurchayati et al., 2019). Through climate modification (creating a climate like the
highlands) this variety can grow in the lowlands with increased tuber yields. Granola L
plant height in the highlands at the age of 56 day after planting (DAP) reached 72 cm
and Granola L reached 50 cm. The plant height yields obtained from this study indicate
that potato plants in the lowlands can grow as in the highlands with the given climate
engineering. From the results of this study, it is known that the application of root zone
cooling and evaporative cooling can create climatic conditions that can help potato
plants in the highlands to grow in the lowlands. These results are the creation of
temperatures in the root area that can last 10-15 °C and the top area of the plant is
27.3 °C. These results support previous research (Sumarni et al., 2013; 2019; 2021).
Potatoes are optimally grown in fairly cold climatic conditions such as in tropical
highlands with an average daily temperature of 15-20 °C. High temperatures will
support plant height and leaf development but inhibit tuber formation. In addition,
heat stress will lead to small tubers (Kline & Halseth 1990). Areas with a maximum
temperature of 30 °C and a minimum of 15 °C are very good for potato growth than
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areas with a relatively constant temperature, which is 24 °C (Sukhla & Singh 1975).
From the results of this study, the root zone cooling temperature of 10-15 °C can
support tuber initiation and control of evaporative cooling can support the growth of
aeroponic potatoes on the top of the plant.

Applications of giving different concentrations of nutrient solution EC gave different
results to plant height, but there was no interaction from giving different
concentrations of nutrient solution to plant height for each potato seed variety used
(Table 2). Giving EC1 concentration of 1.5 mS/cm at 1 age-3 weeks (21 DAP) and 2 mS/
cm at 4 weeks of harvest gave higher plant height yields than EC 2 (by 1.5 mS/cm). 1 at
1 to 3 weeks (21 DAP) and 3 mS/cm at 4 weeks-harvest). The average plant height of
EC1 was 69.1 cm and EC2 was 43.8 cm. This indicates that EC1 is the optimal EC for
potato plant height growth, because at EC 1 potato plants do not experience water
stress due to salinity conditions in the EC. So at EC1 potato plants reached a higher
plant height than EC 2. This is in accordance with previous studies, where EC nutrient
solutions of more than 2 mS/cm can be toxic to potato plants thereby inhibiting the
growth of aeroponic potato plants (Otazu, 2010).

3.2.2. Number of Leaves

The parameter of the number of leaves indicated there is an influence of variety on the
number of leaves. MZ variety from early growth to 56 DAP gave the highest number of
leaves compared to Granola K and Granola L varieties (Table 1). However, at 42 DAP to
56 DAP the MZ and Granola K varieties gave the same and higher leaf number
response than the Granola L variety. The Granola K variety gave the lowest leaf
number response from the beginning of growth to 56 DAP. The MZ variety gave an
average leaf count of 280.7 leaves (56 DAP) and the same as Granola K as many as
272.5 leaves (56 DAP). The lowest number of leaves was produced from the Granola L
variety as many as 180 leaves (56 DAP).

EC application of different nutrient solutions can have different effects on plant
height and number of leaves. From the results of this study, it can be conveyed that
the concentration of EC1 (EC 1-2 mS/cm) can provide higher leaf growth than EC2 in
potato seed production with an aeroponic system in the lowlands with root zone
cooling and evaporative cooling (Table 2).

Table 2. Effect of EC on plant height and number of leaves

Plant Height (Days After Planting/DAP)

Treatments 21 28 35 42 49 56
EC1 6,2b 13,7 21,3a 39,5a 49,6a 69,2a
EC2 9,6a 14,2 18,1b 20,7b 30,2b 43,8b

Number of leaves (sheets)
EC1 10,1b 27,1b 64,5a 124,6a 239,9a 284,0a
EC2 24,93 47,1a 47,1b 83 133,4b 204,9b

Note: The numbers followed by the same letter in the same column show no significant difference based
on DMRT at the level of = 5%

3.2.3. Growth and Development of Number of Bulbs

The use of potato varieties and EC application of different nutrient solutions interacted
with the number of potato seed tubers produced. The combination of treatments for
the Granola K variety with EC2 gave the highest number of tubers the same as the
Granola L variety with EC2, namely the average number of tubers for each combination
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was 30 bulbs/plant and 25 bulbs/plant. The lowest number of tubers was produced
from the MZ variety with the same EC1 as the combination of Granola K and EC1
varieties, namely 15.1 bulbs/plant and 14.1 bulbs/plant (Figure 6).
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Figure 6. Interaction of variety treatment and EC concentration of nutrient solution
on number of bulbs per plant

The results of the number of tubers obtained in this study increased as compared
from the previous research, which resulted in the number of bulbs 10 bulbs/plant from
the granola variety and EC nutrient solution 1-2 mS/cm and only applied root zone
cooling climate engineering (Sumarni et al., 2019). Electrical conductivity reflects the
concentration of the total total ion in the nutrient solution that affects nutrient
absorption, plant growth, productivity and tuber quality (Chang et al., 2011). The
composition of the solution used depends not only on the concentration of nutrients
but also on other factors such as cultivation technique, hydroponic system used,
growth environment and phenological phase, plant species and plant cultivar (Furlani et
al. 1999). Potato cultivars respond differently to tuber number and can be affected by
plant spatial arrangement (Santos & Rodriguez, 2008). From other studies, EC
concentrations of nutrient solutions of more than 4 mS/cm can cause osmotic stress
and ion toxicity (Savvas & Adamidis, 1999). The final result of EC administration of
different nutrient solutions can be seen from the number of tubers produced. This is
consistent with another study on Barley tubers, where EC had an influence on seed
initiation (Lynikiene & Pozeliene, 2003).

4. CONCLUSIONS AND RECOMMENDATION

From the description of the results above, it can be concluded that the MZ and GL
varieties are the varieties that have the best response to be used as seeds in an
aeroponic system in order to produce large quantities of potato seeds in potato seed
production in the lowlands with the application of root zone cooling and evaporative
cooling. It is necessary to apply it to several other varieties in potato production centers
so as to enrich scientific information on the yield and quality of various seeds used in
this aeroponic system to provide an overview and choice for breeders in producing
potato seeds.
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