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Abstract: Production of potato seeds aeroponically in wet tropical lowland with root zone cooling application has been
successfully obtained. However, Research on nutrition management is still needed. The growth and development of potato
crop in the lowland with root zone cooling application was still facing many withered, dry or yellowing leaves. Electrical
Conductivity (EC) concentration of potato seed growth and yield on aeroponics system with root zone cooling application in the
lowland has not been widely studied. The purpose of this research was to study and get the effect of EC of the nutrition
solution on growth and yield of potato seed on potato seed production aeroponically with root zone cooling application in
tropical lowland. This research was conducted at an altitude of 115 m asl. The experiment used a randomized block design
with four replicates. The pH of the nutrient solution used was 5-6.5. The variety used was Granola. Factors tested: 1.
Electric Conductivity (EC): EC1 (1 mS cm™ in the first three weeks, and 2 mS cm™ in the 4th week to harvest), EC2 (1 mS cm™
in the first three weeks, and 4 mS cm™ in the 4th week to harvest) and EC3 (1 mS cm™ in the first three weeks, and 6 mS cm'l),
2. Initial seed (B): B1 (cuttings of tissue culture 1 and B2 of tissue culture 2). The data were analyzed by F test and continued
with Duncan’s Multiple Range Test of 5% level. The result showed that EC1 with Cuttings 1 and Cuttings 2 of tissue culture
EC1 with
EC1

In conclusion, the best EC for potato seed production with

gave the highest plant height and number of leaves and the lowest number on EC3 both cuttings 1 and cuttings 2.
Cuttings 1 gave the highest tubers numbers (10.8 tubers) of plant yield and the lowest of EC 3 did not produce tuber.
with cuttings 2 produced the highest tuber weight as 1.78 grams.
aeroponics system root zone cooling application was EC 1 mS cm™ in the first three weeks, and 4 mS cm™ in the 4th week to
harvest) for all cuttings.
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1 Introduction

The growth rate of potato production in Indonesia in
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2010-2014
(Republic of Indonesia Departement of Agriculture, 2015)

is still fluctuating, even below 4.13%
and still the lowest potato production country compared
to China, India, Pakistan and Bangladesh. Indonesian
potato production ranges is 16.02 tons per hectare. To
meet the needs of potatoes, Indonesia is still importing.
Potato import is obtained with amount of 24,471 and
11,917 tons from the US and Australia, respectively, in

the year 2014. The problems of potato production are



July, 2019

Effect of EC in the nutrition solution on aeroponic potato seed

Vol. 21,No.2 71

caused by the low number and quality of seeds. The
availability of new potato seeds reaches 6% by the total
seed requirement (Republic of Indonesia Directorat
General of Agriculture Seedling and Mechanization,
2008). Potato seeds used by farmers are mostly decreased
in quality because they are used for more than five
generations. In addition, most areas of potato planting in
the highland are endemic bacteria, viruses and pathogens
that attack potato plants. Therefore, enhancement
technology of potato seeds and the development of
planting areas are needed in order to support potato
self-sufficiency and reduce import.

The production of potato seeds conventionally
produces 5-10 tubers of crop (Otazu, 2010). Production of
potato seeds using pot produces 3-7 tubers per plant
(Daniels et al., 2000) and uses nutrient film technique
(NFT) system (Ricardo et al., 2009) and substrate media
have also been performed. However, NFT system has
disadvantage, such as the poor aeration of root areas
(Rolot et al., 2002) and tuber initiation on solid media is
slower than porous media (Tibbitts and Cao, 1994). The
aeroponics system today becomes a technology to
accelerate production improvement of potato seeds. The
aeroponics system has been used for commercial
production in China and Korea. The aeroponics system
in Peru is capable of producing more than 100 tubers per
plant (Otazu, 2010; Nugaliyadde et al., 2005). However,
aeroponics technology for potato seed production in the
lowland has not been widely implemented. Technology
of potato seed production using aeroponics system in
lowland and root zone cooling application begins to be
studied and produces tubers (Sumarni et al., 2013a).
This technology is a novelty technology, because
generally, the aeroponics technology of potato seed
production is implemented in the highland. Aeroponics
is one of hydroponics technology that can avert plants
from the contamination of nutrient overtopping to the
surface and groundwater (Thapa et al., 2016; Carvalho
etal., 2015).

The development of potato cultivation into the
lowland is an effort to help the production improvement
of potato seeds. Cultivation of potatoes in the lowlands is
constrained by high temperature, because it is not suitable
for growth and initiation of potato tuber. It can be

overcome with aeroponics system and root zone cooling
application (Sumarni et al., 2013a). The production of
potato seeds in lowland (250 m asl) has been conducted
and produced the highest tuber (at 10°C) about 579
tubersm? (Sumarni et al., 2013a) and a height of 115 m
asl (Sumarni et al., 2016). Until now, aeroponics
technology is a new hope for production improvement of
potato seeds. The weaknesses of this technology are the
dependence on electricity (Farran and Castel 2006; Chang
et al., 2012), high investment costs (Mateus-Rodriguez et
al., 2013), and still lack of complete information about
aeroponics technology in each country. These difficulties
include information related to nutrition for aeroponic
potatoes in Indonesia.

Nutrition is an important factor for producing
excellent and high-grade seeds (Tessema et al., 2017).
The success of aeroponics is determined by the electrical
conductivity (EC) of the nutrient solution. EC reflects the
total ions contained in the nutrient solution. The EC
concentration affects the nutrient absorption at plant
growth stage, productivity and quality of tubers (Chang et
al., 2011). EC is also used as a health indicator of nutrient
solution. Potato plant is one of plants that are sensitive to
EC. Application of EC, which is not compatible with
plant growth, may cause toxic for plants (Teixeira and
Pereira, 2007). The effects of EC that are not compatible
with growth and yield of potato tuber plants on the
ground cause plant growth to be inhibited, tuber yields
are reduced and changes occur in the content of dry
matter, solids are soluble and secondary metabolite in
tubers (Levy and Veilleux, 2007). The high nutrient
solution EC causes water deficit due to reduction of
osmotic potential of nutrient solution, greater availability
of ions in nutrient solution or excessive ion absorption
(Greenway and Munns, 1980).

The concentration of nutrient solution on the
production of hydroponic lettuces with cooling
application has been investigated, the result shows that
the increase in the temperature of the nutrient solution
affects the EC. Increased EC does not decrease plant
productivity if the maximum air temperature of the
nutrient solution is constrained to condition that is still
optimal for plants (Cometti et al., 2013). In addition,
potato varieties give responds differently concerning
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tuber yield (Santos and Rodriguez, 2008). EC 2,1 and Sumarni et al., 2013d).
2,1 dS m™ give the highest yield for Agata and Asterix c’_;;(;;c:‘;’_:. g Nozze Pyc
varieties in Brazil (Calori et al., 2017). Pipe | LB B ha o a b Bl E ""“/3-’

The way EC concentration to the growth and yield of (] SIS IS IS S 18 "> Value
potato seed yield on aeroponics system with root zone 8 - o
cooling application for production of seed potato in 15 II' 2l
lowland has not been studied a lot. Hence, the purpose of Nutrition 47| 053 !-"C““""

this research is to know and to get the effect of EC of the
nutrient solution to the growth and yield of potato seeds
on potato seed production aeroponically with root zone
cooling application in tropical lowland.

2 Materials and methods

This research was conducted from April to September
2016. This research location located at 115 m asl altitude
in the greenhouse of the Faculty of Agriculture, Jenderal
Soedirman University, Purwokerto, Indonesia. Location
altitude at 115 m asl was lowland, so root zone cooling
system was needed to adjust the growth and potato tuber
initiation.

2.1 Root zone cooling application

The root zone cooling application was implemented
by cooling in the root area of potato plant that planted
aeroponically within the greenhouse. Cooling process
was provided by spraying a cold nutrient solution with a
temperature of 10°C. Nutrient solution was administered
using timer automatically. The construction and workings
of the aeroponic system with root zone cooling have been
used in previous studies to obtain the appropriate
temperature of the root zone cooling (Sumarni et al.,
2013b). The aeroponic containers used are 1.5 m (long) x
1 m (wide) x 1 m (high). The outermost aeroponic
container material of multiplex wood thickness 12 mm,
the inside insulated with styrofoam thickness of 2 cm.
Styrofoam as a place of plants using a thickness of 3 cm.
Planting distance 15 cmx15 cm, so that in one container
aeroponik there are 45 plants. High pressure pump to
drain nutrients through nozzles to the roots of plants.
The timer is used to control the time of nutrient spraying,
the chiller used to cool the nutrients, and the dye pump
to drain the nutrients to be cooled into the chiller (Figure
1). The duration of the nutrient solution was 3 minutes
of turning on and 5 minutes of turning off (Sumarni et
al., 2013b, 2013c; Sumarni and Sumartono et al., 2013a;

0.42
Figure 1 Schematic of designed aeroponic system with root zone
cooling (Sumarni, Herry and Kudang et al., 2013b)

2.2 Experimental design and analytical data

The experiment used a randomized block design
(RAK) with four repetitions. The pH of the nutrient
solution used was 5-6.5. Potato varieties used were
Granola by tissue culture. Factors that were tested:

1. EC: EC1 (1 mS cm™ in the first three weeks, and
2 mS cm™ in the 4th week until harvest), EC2 (1 mS cm™
in the first three weeks, and 4 mS cm™ in the 4th week
until harvest), EC3 (1 mS cm™ in the first three weeks,
and 6 mS cm™).

2. Initial seed (B): B1 (cuttings 1) and B2 (cuttings 2).

Plant growth parameters observed included plant
height, number of leaves and crop yield (number of tuber,
and tuber weight). The data of growth observation and
result were analyzed by F test and continued with
Duncan’s Multiple Range Test (UJGD) 5% level.

3 Results and discussion

3.1 Micro-climate of potato growth in lowland
greenhouse during the study

The air temperature inside the greenhouse during the
growth and development of the potato plant was not
optimal for the growth and initiation of potato seed tuber
that planted aeroponically. The condition of the potato
plant roots hung in the air (inside the aeroponic box) was
susceptible to high temperature in the greenhouse (Figure
2). The average air temperature inside the greenhouse
during the daylight (12:00 o'clock) could reach a
temperature of 36°C and the daily average reached 30°C.
The high temperature in the lowland becomes an inhibitor
of the potato seed production (Sumarni et al., 2013b,
2013c; Sumarni et al., 2013d). Hence, it is necessary to
microclimate engineering effort in order to make potato
plants can grow in the lowland.
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Figure 2 Temperatures outside and inside the greenhouse

Potato plant is a plant that can grow optimally in a
cold temperate highland, with an average of daily
temperature range from 15°C-21°C (Pereira and Shock,
2005; Lovatt, 1997). High temperature will support leaf
development, but it inhibits tuber formation. Besides, hot
environmental condition continuously will lead to small
tubers (Kline et al., 1990). The temperature of the rooting
area (soil) affects the time between planting and sprouting
(Government of Alberta Agriculture and Rural
Development, 2003). The early appearance of shoot has a
linear relationship between ground temperature and daily
temperature fluctuation, and optimum temperature
between 22°C-24°C. At temperature above the optimum
when the initial shoot appeared will be inhibited (Pereira
and Shock, 2005).

Air humidity during measurement also shows that the
humidity of the air inside and outside the lowland
greenhouse is very low and not optimal for the growth of
potato plants (Figure 3). The air humidity inside the
greenhouse is in average 50%, while outside the
greenhouse is 56%. The humidity of potato growth
environment affects the evapotranspiration process,
which is the power to lift up water and nutrient from the
root to the plant canopy. The average humidity of the
potato plant is 80%-90%. The air humidity, which is too
high, causes a small evapotranspiration, whereas too low
humidity causes evapotranspiration to increase, so that
more volatile water is absorbed by the roots. High
humidity can be caused by too dense spacing and
overgrown plant canopy, which will lead to fungal
disease. It causes the plant cells lose turgor pressure, the
tissue contracts and the plants will wilt. Root zone
cooling technology is one of the efforts to keep the
temperature of rooting areas are in cold condition

appropriate with the optimal area of potato growth.

July August
Maonth

September

Figure 3  Air humidity during the study

3.2 Plant height and number of leaves

The result of EC giving of different nutrient solution
also gave different effect on the number of leaves and the
height of the potato plant. This is in accordance with the
other studies on Barley tuber, where electricity has an
effect on seed initiation (Lynikiene and Pozeliene, 2003).
The plant height and the best number average of leaf
obtained from EC1 with initial seed from either cuttings 1
or cuttings 2. EC1 with cuttings 1 gave plant height
40 cm and EC1 with cuttings 2 produced plant height
41.3 cm at 65 hst. EC1 giving with cuttings 1 until the
plants were at 65-hst gives 81.5 strands and no different
from EC1 with cuttings 2 at the rate of 84.8 strands
(Table 1). These results indicate that cuttings 1 and
cuttings 2 can be used for potato seed production in
lowland aeroponically with root zone cooling application.

Table 1 Interaction of EC giving and potato seed cuttings to
plant height and number of leaves

Treatment Number of leaves 65 HST  Plant Height 65 HST (cm)
EC1 Cuttings 1 815a 40.0a
EC1 Cuttings 2 84.8a 413a
EC2 Cuttings 1 258D 10.8b
EC2 Cuttings 2 153¢ 12.8b
EC3 Cuttings 1 1.8d 13c
EC3 Cuttings 2 1.3d 13c

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

Initial seed from cuttings will be easier for the growth
treatment than planting the seeds from tuber for
production aeroponically. It is because it takes time until
the emergence of plant roots under styrofoam (aeroponics
chamber). The use of seedling from seed in an aeroponics
installation also makes possible the seed being rot during
the growth of the shoot. Cuttings 1 and cuttings 2 are still
well used for production. The more generation of cuttings,
so the growth of plant will decrease. The 8" cuttings of
potato plant provides the lowest plant vigor compared to
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the previous cuttings generation as well as the growth of
plant height (Mamun et al., 2016; Yasmin, 2008).
3.3 Number of tubers and tuber weight of potato
seed produced

EC giving and the use of the early seeding cuttings of
potato plants gave different result. EC 1 produced the
highest average number of potato seeds as much as 10.8
pieces of crop while the lowest on EC 3 was not bulbous.
EC 1 gave the highest average weight of tuber with
cuttings 2 was 1.78 grams and the lowest was EC 3
because the plant was not bulbous (Table 2).

Table 2 Interaction of EC giving and seed potato cuttings on

guantity and weight potato seed

Treatment Number of Tuber (piece) Tuber Weight (gram)
EC1 Cuttings 1 10.8a 1.33b
EC1 Cuttings 2 6.0b 1.78a
EC2 Cuttings 1 3.0c 097¢c
EC2 Cuttings 2 18c 0.78 ¢
EC3 Cuttings 1 0,0d 0.0d
EC3 Cuttings 2 0.0d 0.0d

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

From this result, it was found out that the higher the
EC value, so the potato seed production aeroponically in
the lowland with root zone cooling application was
getting descend. The high EC concentration led to
absorption of nutrient and water reduced, sodium and
chloride toxicity in stem cell and the ability of plant
photosynthesis decreased (Ali et al., 2004; Amel et al.,
2016). This result showed that the EC that can be used for
the production of potato seed in the tropical lowland with
root zone cooling is EC 1-2 mS cm™®.

The total concentration of nutrient solution ion
determines the growth, development and production of
the plant. The total amount of ion in the nutrient solution
provides an osmotic pressure (Landowne, 2006). From
the result of plant height growth, and number of potato
leaves (Table 1) and seed tuber yield (Table 2); it is found
out that the higher the EC of the nutrient solution, so the
growth and yield decreased. EC 3 (1 mS cm™ 6 mS cm™)
results in the growth and yield of the lowest seed tubers
compared to the other EC. It can be caused by osmotic
stress condition in the root zone, resulting in the
decreased of leaf turgor and decreased of expansion to
leaves (Huang and Redmann, 1995). The condition is
correlated with stomatal closure or reduction in total

chlorophyll concentration in the leaves (Romero-Aranda
and Syvertsen, 1996). Plants, which are exposed to root
areas with high EC experience stunted growth (Zhu,
2002). The research result of EC of the nutrient solution
on aeroponic potato seed production with root zone
cooling application in the lowland showed that EC 3
(1 mS cm™ in the first three weeks and 6 mS cm™)
experienced the highest growth of plant and the lowest
number of leaves compared to EC1 and EC2. The potato
plant roots at EC3 did not develop and the freshness
decreased, but EC1 is good (Figure 4 and 5).

B

Figure 4 Condition of aeroponic potato root with root zone
cooling in lowland at EC 1

B
Figure 5 Condition of aeroponic potato root with root zone
cooling in lowland on EC 2 (A) and EC 3 (B)

The results of this study are in accordance with
previous research on tomato plants, that is the plant height
growth, number of leaves, and stomatal density decreased
with increasing electrical conductivity (Romero-Aranda
et al., 2001). Decreased osmotic pressure of EC of the
nutrient solution became the dominant factor of growth
and development decline (Reina et al., 2005). The effect
of EC of nutrient solution on hydroponics, growing media
(substrate) and irrigation frequency in photosynthetic
response of plant showed that leaf photosynthesis rate
increased by 15.4% and 14.1% when EC increased
2.5-4.0 dS m™ for plants in the greenhouse (Xu et al.,
1995). However, an increase in EC to 5.5 dS m* resulted
in a 10% lower photosynthetic rate than EC 4.0 dSm™.
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The EC increase of 1.25 dS m™ to 8.75 dS m™ did not
reduce the leaf of photosynthetic rate of tomato plant
(Schwarz et al., 2002).

The research result of production of potato mini tuber
with closed hydroponics technique using sand media, it
was found out that the increase of EC of the nutrient
solution up to 5,8 did not affect the number of tuber, but
it decreased the freshness and weight of tuber. The use of
EC of the nutrient solution 1 dS m™ can be used for
potato seed propagation derived from planlet or mini
tuber (Novella et al., 2008). The result of this study
supports the result of research of potato seed production

in aeroponics system in the lowland with EC difference.
The higher EC (EC3) indicates a less healthy root
condition than EC1 and EC2 (Figure 4) and tuber yield in
Figure 6.

Figure 6 The appearance of aeoponic potato seeds with root zone
cooling in the lowland EC 1 (A) and EC 3 (B)

4 Conclusion

From the result above, it can be concluded that EC1
with cuttings 1 and cuttings 2 tissue culture result gave
the highest plant height, number of leaves, and the
highest potential number of tubers, while EC3 either
cuttings 1 or cuttings 2 did not produce tuber. The highest
potential number of tubers that can be achieved by EC 1
with cuttings 1 was 10.8 crop seed. The highest tuber
weight was obtained from EC1 with cuttings 2 of 1.78
grams.
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